| nprove Transistor Mbility by Adjusting Stress in
Shal | ow Trench Isol ation TECHNI CAL FI ELD [ 0001] This
i nvention relates generally to seni conduct or
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 becomng snualler and
faster, device driving current inprovenent becones
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gate length, gate capa0|q§§ﬁ&hn§nd carrier nobility.
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capaci tance and increasing carrier nobility can
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device current, enhancing carrier nobility has al so
red. [0003] Anong efforts made to enhance
BA@%ﬁ?RQpR#gbility, formng a stressed silicon channe
is a known practice. Stress can enhance bul k el ectron

[0082)d holTae sa@ling bf VLSt uitpBraf constad @€fonf WathCEits becoming
transi stor can be enhanced through a stressed-surface

sm&lRARREaster, HBViSe 8@GHN LGSR BhproVEnREbERMFB AL inthol@nt. Device
i nproved at a constant gate |ength, w thout adding

current is closely related to gate length, gate capacitance, and carrier mobility, Shortening

poly-gate length, increasing gate capacitance 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

-1-



conplexity to circuit fabrication or design. [0004]
When silicon is placed under stress, the el ectron
nobility is dramatically increased. Stress can al so
be applied to the channel region by formng a
stress-inducing contact etch stop |layer (CESL) over
the transistor. When such a contact etch stop layer is
-1 deposited, due to the lattice spacing m snatch
bet ween the CESL and the underlying |ayer, a stress
dembeiter], dystottbe lattice spdcive hatihich detsyzan itedCESI0#The Hiterlying layer,
stress may have conponents parallel to the transistor
a sedadealomna maihahd Bitice kgucidge transi stor w dth
direction. Research has reveal ed that a CESL that

[ nsi | r field |n channel |ength

100G8 oot Tt ThroPH s PR RRASS B e Gereiiny ohammel and pasale
conpressive stress _can inprove pMXS performance. In

to e Hansisiyy Widty drgstion Reswyeihdpr e9vapled thpbe £5Shiikpt indugesctensile
the detrinmental effects, it is desired that the

strasg figld|ie ckanpeld gngthh dir¢péion kamimmiroyeeMOR pedpimuats, end pempressive
i ncreased for nMOS transistors, and the conpressive

stress casisiprovetpMOR8 parfioreiancd. éngdbr tdiinaedse te Heeefiid eéasie and
for pMOS transistors. [0006] Figure 1 illustrates a

redoctie detriaratal offdds, itiadsirsd tat the tenkidd dt@¥s Inlthdetannel length
isolations (STI) 4 are forned in the nei ghborhood of

diréMolp bt irtfabed B nlOSSTdnSistbrd, Yitl 18 lebipAeHRRS @feSs M the channel
conpressive stress to the channel region of the

lengﬁmbt%rﬂfe iheredsRdl For'PRADS GEndidiGscarrier mobility and
ence degrades the device performnce for nMOS

transistors. Attenpts are nade to reduce the
[0006] Figure 1 illustrates a conventional nMOS fransistor 1. Shallow trench isolations (STI)

4 are formed in the neighborhood of CMOS transistor 1. STIs 4 typically generate a compressive
stress to the channel region of the transistor 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 8 are then formed.
Since recessing the STIs 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



detrinental effect of the STls 4. Figure 2 illustrates
one such attenpt. The gate structure conprises a
dielectric 10, a gate electrode 12 and gate spacers
14. STls 4 are recessed below the surface of the
substrate 2. The renoval of the STI material at
opposite ends of the device channel 16 elimnates the
conpressive force caused by the STI naterial.
Silicides 8 are then formed. Since recessing the STls
penktretigromesletnlie noird jovare. Shibaforeai methodls didededsiod ewatdilinkglthe stress
of the substrate 2, a silicide penetration 13 is
applied BR S TOWithbe ifdugenyPd LiEcidd péfetrhitsh, STI recesses. The
penetrations 13 cause a | eakage current and therefore
degrade the device performance. Typically, for CMOS
transistors with wide junctions (the distance L
between STlIs 4 is great), there is less of a silicide
penetration problem Wen the devices are scal ed down
and the junctions are small, however, the -2
penetration problemis nore severe. Therefore, a
nmet hod i s needed for controlling the stress applied by
STI without incurring a silicide penetration. SUVWARY
OF THE | NVENTI ON [ 0007] The preferred enbodi nents of
the present invention present a nethod of inproving
transi stor carrier nobility by adjusting stress
t hrough recessing shallow trench isolations. [0008] In
accordance wi th one aspect of the present invention, a
trench is fornmed in a substrate. The trench is filled
with a dielectric material. A CMOS transistor is
formed next to the trench. A silicide layer is forned
on the surface of the source/drain region. A recess is
formed by



renmoving 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 renoves the

conpressive stress applied to the channel region by

STI material. A contact etch stop layer (CESL) is

I | ectrode, gate spacers,

SUé@ﬂg§g7gygﬁﬁigﬁggsﬁgﬂgieIectric materi al. The CESL

al so applies a stress to the channel region of the
[0007nS i SheoprefeSied embodimente obihalpresedt ipahtion pesait aiehodOf improving

Is perforned after the formation of the silicide,
trafsistér@airter ADbAILY b hdjestingeRedk tiabigh recdsOIRR MalloW trench isolations.

accordance with another aspect of the present

inventjon, the STl is etched back first, and _ . )
[008B] ; ¢ Brersoglanch & bnme apeshef the RICPFNF BYPRIND, & frenghyg fprmed in a

formed. Trench spacers are fornmed protecting the
substigis+ Fhetteenpln isdilled withes @ielectrip mefenigl & CMOSEansstprtihfprmed next to the

there is no silicide forned on the sidewall of the
treahbAtstliide layer isformetesthe sufface of the GR8Le/dmiraypgioned] reasss is formed by

apply a beneficial stress to the channel of the CMOS
rentteitiggertigi8 T @e diclecdc omaanlc eo thiat the yafacandthkeliclasiembterial is

of the present invention, the STI has a conposite
substantifltylb&er tha@theistrfadetof fSubdi@te. ThElreepdsingdye! fYrnbidlihy any removal

dielectric liners under the dielectric material. The

pro%]gsgs,trlﬁfefewg@ DQllechPE YR pR¢EH Br BtcRbhASTobRs. ITHE réRAMEIS the STI
0] e

device, but they -4 also protect the

re .ﬁgmlcbﬁlp%si@@&éé‘%&%@E@m& BhdnB& £&6€87 SPf mhiiGaSAl contact etch

fromforning a silici

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 ST1 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



penetration. [00111 By recessing the STI, the stress

originally applied by the STI material is reduced or

elimnated. The CESL formed in the recess may then

apply a desired stress to the channel based on the

type of CMOS transistor. The carrier nobility of the

CMOS transistor is inproved, thus performance is

enhanced. The silicide penetration problemis also

sol ved. BRI EF DESCRI PTI ON OF THE DRAW NGS [ 0012] For a
alsdTBORCCRBRIIK S1SUTIRS sibatdd MOhOfectRf HeSTq Mond foyi@ Mo a¥licide

and the advantages thereof, reference is now nade to
penkffidn0! | OWi ng descriptions taken in conjunction wth

the acconpanyi ng drawi ngs, in which: [0013] Figure 1

illTustrates a conventional nMOS transistor; [0014]
[00E]lgur Byrecessing theat Bsthg strens vaginplbnanpliad/brs therSHld snateres is reduced or

having a silicide penetration; [0015] Figures 3
eliminatediJrhe THILI fosnedingharebéss siay phanfapplyediesmtsbetienetotthofhannel based

the present invention; [0016] Figures 8 through 12
on thk e tof @MO & trargiod The edfreerrrachbiBiylod the@VIOSafantiser is improved, thus

present invention; and [0017] Figures 13 through 16
perfdrinbisdeliahancddTheksiR¢ied pimeastictrpiolenenils®dolidie present

i nvention. DETAI LED DESCRI PTI ON OF | LLUSTRATI VE

EMBODI MENTS [ 0018] The nmeki ng and using of the

presently preferred enbodi nents are discussed in

det ai |



bel ow. It should be appreciated, however, that the
present invention provides nmany applicable inventive
concepts that can be enbodied in a wide variety of
speci fic contexts. The specific enbodi nents di scussed
are nmerely illustrative of specific ways to nmake and
use the invention, and do not |limt the scope of the
i nvention. [0019] The preferred enbodi nents are
illustrated in Figures 3 through 16 wherein |ike

designate |ike elenents
BR{F@% g’ﬁg%@?ﬁpﬁggiﬁﬁmﬁ%nd illustrative
enbodi ments of the present invention. [0020] Figures 3
[00d R} ougiora bk sinpRtcaundeRtaadiag bethe prasoddiin®ntiofant fe advantages
present invention. Figure 3 illustrates the formation

theftof, yERIchONs nb@NEdleits eHedbll OMise A&tHptichsitdked S bRFhlcBbE with the
In the preferred enbodi nent, substrate 2 is a silicon

accopatyidd &awlnds ah k@ichenbodi ments, substrate 2
conprises materials such as germani um carbon, and/or
their conbinations. STIs 4 are forned in the
[0043bst rEgered illpstetes pppnyengonad nVQhigansistorl ow trenches in
substrate 2, then filling the trenches through high
Sity: I} 4 i L,d8: .: .
0oL g 2R SR AT Ao MOl Ay B ik Bepeteation
conprising polysilicon. The process is controlled so
[00dpht tFiguwsTB threughal Slwekrateih bvse prefared ghbodiament @f the present invention;
preferably about OA to about 500A. By making STls 4

o0 " SRaE BMARU1> MELEN 4 P61 bkl S8R AEHREL . bR

Subsequ step ess 17 ave pene
. fornegﬁglong the edge of the STIs 4. To inprove the
Vg Y% ance of the transistor to be formed, the STls 4

are preferably |ocated such that if a line is drawn

[000¢] WeeRighfas 1 STirsugh. 16tiN8stlatedEthird pAIfGRA dnktRdikddht Of thd PEsent

invention.



direction of the substrate lattice structure.
Therefore, the orientation of the transi stor channe

is along the 110 or 100 direction. -7 [0021] Figure 4
illustrates the formation of a gate stack, spacers,
and source and drain regions. A gate dielectric 10 is
deposited on the surface of substrate 2. A gate

el ectrode 12 is forned on gate dielectric 10. The
gate electrode 12 is preferably polysilicon, although

D& LA DR RITARS Rar B knarp B HOBMERTR: anal or

silicide. [0022] A pair of spacers 14 is formed al ong

[0018le siTieRwAdMise 0 ustng of tedpreberlleptferred tMbadithefiBtate discussed in detail
el ectrode 12. Spacers 14 serve as self-aligning masks

beldW. Tt sShoslISceppRIatROHGCE/E it thelpREseRd ih@htioR hRFARS mahl @pplicable
spacer material can be oxide, silicon nitride

1nv9f?9(re %ﬁcrebﬂ Sha? Ear@EB’erﬁMH@édriﬁta 'vﬁ&évaﬁeﬁ%f‘%ﬁ@mﬁa' Et%té@@ ef%[e §]gemﬁc
4 may be fornmed by well-known netHods such as ke

emlgo%ﬁ)rﬁéﬁt% bi3¢hse ea‘?é_;lg-le g;fﬁl'u&r HIY Sf" PRl gv?,?otrﬁ.éﬁeeanﬁ u@é‘ﬁle invention,

gate e ectro ng t or mal proce S OW pressure
or OSItIOﬂ (LPCVD) or plasma enhanced
an%é% po%(PPoﬂﬁgﬁﬂaﬁfﬂ ‘then anisotropically
etchlng the dielectric material to renove the

[00d9)e! ecTHel refbRtd®émbddimemisnlediusaant ah Figates Bakesgh s whatin like
fromthe gate electrode sidewalls. In a nore preferred

ref@EROALABEE ard R84 BRRERNSC likd IEMBRME tEGughoti the ¢Abw vidwsdad
| ayer fornmed on an SiQ2 layer. Wth such a structure,

111u§tpaff1v§ RAGEHietd of Mlpr@RhYinf@Yiena hi gh-k of silicon
tride (abou 7.5), but they also have the excell ent

quallt
[0020] 1%/1gures 3 through 7 illustrate a preferred embodiment of the present invention.

Figure 3 illustrates the formation of shallow trench isolations (STI) 4 in a substrate 2. In the
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 S00A. 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.



SiQ2. Using silicon nitride in the spacers 14 also
makes a sel ective etching possible when the STls 4
are etched back. [0023] Source and drain regions 6 are
then fornmed. Source and drain regions 6 can be forned
by inmplanting 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
[002@pi onBigbrealriummitds tharfownation dfagairstack, ldpeceds bad ksuréd #d drain
not repeated herein. [0024] As illustrated in Figure
reghons 2A @Rtk dlielévirid 10 1§ @efosited ofthe Qigieof VighstrA4 O A dake electrode 12 is
formed on source and drain regions 6. In the preferred

forRidt 0f A 'Eﬂe:lecﬁid iciTde g:!lté‘)ﬂ%étr&ie' 19 if ﬂtref@éjolfﬁolgrélﬁéin although it may be
depositing a thin conposite | ayer  of

forfhdd g%bt@g ot @ c&ﬂ%&ﬁnﬂ sthibth cgﬁ'lgﬁmgg ?rbefnlﬂz%ndlgc%&oﬁql {f]ﬁgmde and/or

net al and the uhderlying expose con regl ons.
thBEal formng the silicide may be a transition netal
met al conpound such as titanium cobalt, tungsten,
tantalun1 nickel, or the |like or sone ot her
[002R)r opAipairef spmnehs d#iis/formed dongihe sibealiwifahe gandisRctric 10 and gate
deposi ted by chem cal vapor deposition (CVD),

eleptiydeilgabpacanan seiepasid it igning idskofor @ blitgeqint &ubdldryi Formation
The upper portion of any un-reacted nmetal is then

Proc@RDMRGpaded Adtskall & b%-UxiiierAfmﬁécﬁl HiftRe, yliereRagky ccﬁ’@omatlons

shown in Flgure 6. A highly selective etching "back

Sl O AT ) RIS PO acposiins
dw?e%%%ﬁ ‘E'Fr sﬁbs?rra% :%n% a{e eléjc%ﬁé) {ﬁg?% fﬁémga'l %%'c':%sss,e%w Igrgsesure

spacers pre npri se
chemical vapor deposition (LPCVD) or plasma enhanced vapor deposition (PECVD), then

anisotropically etching the dielectric material to remove the dielectric material from horizontal
surfaces but not from the gate electrode sidewalls. In a more preferred embodiment, the spacers
14 comprise a silicon nitride layer formed 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.

[06024] 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
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nitride on top, therefore an etchant, or gases that

only attack HDP oxide but not silicon nitride, can be

used. The etching back distance Dis desired to be

great enough so that the top portion on opposite

si des of the device channel 16 is substantially

renoved and there is no STI material applying

conpressive stress to the channel 16. Therefore, it is

desired that the top surfaces of the recessed STis 4
depositiagib gtim bépdsity ldyemeiméthlathes hiarzakhg bFooih a kilieideSBBtween the

transistor. The top surface of the recessed STls 4 is

depoSivearméthand tkeuddenyisg efR6e& ﬁﬁco&ahs%&_&sb?hé el forming the silicide may
Preferably, the recessing depth i s between about

be 2RhsttBn3RQMlor M%&n{)(lr)]lgndifsﬁclp%ttﬁ%iﬁﬁ%obﬁit,%ﬁgg&éﬁgtaﬁﬁgﬁn,41ickel, or

are recessed after ormation of silic
LS RIS A0 b LA, P RS TR b hemice
rT PRI AL R el AR TNty AR G0 e
porpy e VIR RS PHELS BeBFHETan of a Contact efoh stop

| ayer (CESL) 22. This layer serves two purposes:

[00R5]r St , THet STHS 0 \iteltion &thicdRck, Qs EHvevia \Figiee 614 hihRaRkeve etching
carrier nmobility; and second, it acts as an etch stop

back d¥essti® peHFcthRE ko HRAERE sYiRE 1499 QStahtiIR LML B the preferred
et ched. glnce a tensile stress on channel 16 is

embSRREAC &y ek 18 %rhfe@.nﬁé SR HRE sphcER TR ?&ﬁljaﬁ%_:cglﬁipg%e a silicon

stress is"-9 be cial to pMOS transistors, a

ni#%e;‘!r?ﬁ St%)@ Qﬁérkﬁré&n&&%ﬁ&g{_&ggi t%ﬁt{ (ﬁﬁiy It%%k ?ﬁ)lﬁm ut élg‘g silli%on nitride,

tor, an conpressive Sir

refe d r transistor. Lt is desired.that ]
carfie oS, 15 etefine Do ety BBS R0 bt gty Soeh Sl g top portion on
hi gher than about | OOWPa, and .nore preferab
opposi(f‘J 1 f %16 datlavice channel 16 is substantu?l?y rem%ved and ther)e/ is no STI material

e sides o
applying 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 substraie 2. Preferably, the recessing
depth D is between about 50A to about 1000A. It 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 S0A 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



hi gher than about 500MPa. In the case where the forned
transistor is a pMOS transistor, since the origina
STl provides a conpressive stress if there is no
recess formed, the CESL |ayer 22 is preferred to have
a conpressive stress higher than the original stress
provided by the STI, preferably higher than about
500MPa. As known in the art, contact etch stop | ayer
22 needs to have a certain thickness to provide
bereficiabio M OS sransisines CBRE 22 whifhi telsiie seseis mbettbd 1 AMNMOS transistor,
about 100nm and nore preferably about 50nm for CESL

and?ZCESL de stithedmphédsitb etrdk af pefemed RTRQNIOP RhnsistéERls &dired that the
is silicon nitride. In other enbodinents, silicon

ma@hiQide @€the ArbdN.appdd Byn&éE CESL i BRdr RS0 & ADORM B Oar¥Bnore preferably
used. [0027] Figures 8 through 12 illustrate a second

hig]BErecfuﬁ{ dtfode SIRASH REMAE gas’éivﬁféfeethg fci%leg %ﬁs@ét&sis apMfos lt:rarmsi for, since

ormation of a gate dielectric 1 a gate“electro
: . > hed bac et e .
tnefiefiel SEERGSs Pl ST Mot st BS forgB R LR B Hayer 221
referred depth D of the. .recessing 30 is about 50A.t
eI AEOGT PP oS FlebraBaib g OdeBaksutRoY b Bbhe ST
Fiqure 9 illustrates the formati on of gate spacers 14
Preé%ﬁ%kaxf ﬁl@ﬁ%rﬁliw}e&? éo@@?a- Agkaovg thgs P, opitagh Gck HpprEygerps needs to
the sidewal | s of the gate dielectric 10 and gate
havg| aqertpip dlaickmess tprnspife eyl stress. herpfere pdhipknesoef abjgst 10nm to about
sidewal I s of the recess 30 in the silicon substrate 2.
10(mmm fand atorg/prefesably abophzlms faCEd22 isalesiteds paibe pef@Rdandodiment,
formed at the same tine and by the sane process.
CEFLedahsiliepadeids. B thmr embodintehis, slidomtdiatide, BIQN, drdaheit tombinations
is not exposed fromthe side. [0029] Figure 10

can dldisdusad.es the formati on of source and drain regions
6, followed by the

[0027] Figures & through 12 illustrate a second preferred embodiment. Figure 8 illustrates
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 1000A, and more preferably about 700A.

[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
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deposition of a netal layer 34. In the preferred
enbodi nent, the netal |ayer 34 is blanket -10
deposited on regions including electrode 12, spacers
14 and 32, source/drain regions 6 and STIs 4. In
ot her enbodi nents, the netal |[ayer 34 can al so be
deposited on source/drain regions 6 only. [0030]
Figure 11 illustrates the formation of silicide 8.
After annealing, a silicide 8 is formed between the
depositxicay/ rdgiansincleding picodeni?, sRceds 134nd 22, sbie/ St rdgiod® 6 and STIs 4.
a silicide 35 is forned between the gate el ectrode 12
In @hd effbbdimenty Bk ndfal ldyer 35 caapiNoaRI Rb&ed bAkodrb@diBE Bfions 6 only.
34 formed on trench spacers 32 and gate spacers 14
es t forma silicide |layer since there is no . . i
IOOSﬁd erl glﬁgq 1 dlystratss g fpgration epsilicids, 8y alieragneating.4 silicide 8 is formed
then renoved | eaving silicides 8 and 35. The trench
betwpacthe sounce/daia regioes Gyulduetal fqAjthe samp geda silicidg 3} is formed
Figure 12 illustrates a CESL 22 fornmed on the silicide
bet®sen thegaic sleeicedes! 2tand metad fayir 34 pide epprédated that thie detal 84 formed on
and STIs 4. Simlar to the previous enbodi nent, CESL
treriRB spacessi 3desd gatelpaces 14tdmasndtdorst 1 gifiside layar sinsethas & noeunderlying
stress to inprove carrier nobility. [00321 It is to be
silicppiotgsilitbe dUt-Raitted Mndidl és hecoatbvpd Rhaing eilicied® dhd'B3 The trench
the silicide 8 is forned after the STIs 4 are
spab&@§ 83 aRTgatMNab@s Ol afchQpsdedeval | of the substrate 2 is
exposed due to recessing, by formng trench spacers
32, silicide penetration is prevented. Since the
[003Henc HFigwpd8 dltustrates a (EST.g2rfemmedonthesifeide 3. gate sppeers 14, trench
gate spacers 14 are forned, no extra mask is required.
spaf@(33dilicides SangtFids 4 pyimilar toghe prebious erebrdimentj CESk 22 atavities either a
in Figures 13 through 16. Figure 13
tensile stress or a compressive stress to improve carrier mobility.

[0032] It is to be appreciated that in the second preferred embodiment, 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 204 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 corners so that

the electrical field is less concentrated at the corners.
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illustrates the formation of shallow trench

i solations. Trenches are forned, preferably by etching

the substrate 2. Afirst trench Iiner, also called

trench liner oxide 50 is forned in a trench. Trench

l'iner 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 danage caused to the exposed surfaces
[0094] t heAtsend freddH Iieng2 iy forthddsh thE Gifst HE@ih. linlet 0AS 60. Tt has a

rounds the trench corners so that the electrica

prefdrRl thitltneb €SB ebRRE @B 2DR o abolt RGOA OTHRQESond-téehcl 3 SD has an
A second trench liner 52 is formed on the first trench

inh‘afeﬂte‘srtre%oqﬁatﬁpagaghtzs Daks@to tHé ﬁfaﬁﬁél @%%&hbicthg 8809 ransistor that will be

pbet ween about A to about e second trench

for!nite(.rll il su%?egn@ﬁ estae@ﬁ Th%lgﬁé ) gcfﬁf)%?l oﬁl Ghel ofl (EM@)%% gﬁto? If the

Stress anne transi S

t hat .wi || f or in su te e stre
gl lﬁalb@}@? %ws&sﬁiq{%es% R 2 PR gl Yap RS strss.
tran i.s,.an. nMOS .t ransi cond
Copfapeet Bt peisRRn Yoo e s BRI EaIEtSFOés@e Senh g 2
i f the neighboring transistor is a pMJS transi stor
prefaregbly B PN essvR Siresseln eigher cﬁ?ﬁefbérsgsffsys Prgteraply higher than about
conpressive stress. In either case, the stress is_ ) )
103vIR. dihatseapn ighedy linen 5 issdietectric bemmefermbly foapeshef SisNs, Si0», SiON,
trench liner 52 is a dielectric |ayer preferably
and ammtechtiofs. § Gibe fFSNEA by S VIN PCER @ otbknwastn weibodst t can
be formed by CvD, PCVD or other known met hods. [ 0035]

[Otﬁﬁ hi r%&ﬁlﬁ(? ﬁag%tg é%aqata?H}] Is tP t;%)rxﬁe& P E}%é? rg%ngl)xllfiﬂglt %gé&%f the trench.
Preﬁfqr:]rlgl{qg,l tg? gpr r I ’ 5 ar@Dgl C(\)/)Bdg )3‘—"& Ej,'E/IOSA trgzlll\éig%or 57 comprising gate

dielectric 10, gate electrode 12, gate spacers 14, source/drain regions 6 and silicides 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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dielectric 10, gate el ectrode 12, gate spacers 14,

source/drain regions 6 and silicides 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 forma recess 56. The nmateri al

of the second trench liner 52 is preferably different

fromthe material of the third dielectric 54.

Therefore, when recessing the third dielectric 54, the
10088k ondintthepeferteld rmbodithenss divatissedhtiore kieshovaldf e &IT material at

enbodi nents, the first trench oxide 50 can be omtted

oppustie &8 of eeQiRdict CRAEI elinit@és the cEBprevd BfdREuLd 'b?(t‘ﬁé YT1 materials.
in the trench. [0037] Figure 16 illustrates a CESL 22

Thé d CES LR GuAMPShirged ik Sk apdliedttd trefdetRE ion.
I?:Lp‘gire 50, the second g??ench I iaﬁ%l}e 52 aeng thgﬁ{nﬁli rdglon In order to

eff%téglil? %d’dﬁi? tfstred; gﬁ@&_@ﬁﬁge ST RGRhI, ﬁ?erre%cﬂéqoé \'é)lgrface of the

pfovide a conbi'ned tensile or conpress

t t ' I 7 hase
ol AL T S8 o 1S OB PR B R o o
s B35 oS30 ool B SIS U R S ety abon
i scussed, above, renoval of the STI material at

50@%3@%% 0 4 FrrSres ha F Wo rBiet Sl ShraereseTa GiRic steduer than the

conpressive force caused by the STl materials. The =
chagpe]|region Tortbpt tho bengfit picthe p smbpaimeptsed shepspienbigvention is

t he device channel region. In order to effectively

mappdzddy the stress applied by the STI material, the
respective top surface of the recessed dielectrics 4

[0 0?2];} Sf'ﬁﬁéé}g%it s Flﬁ{\@aﬁﬂg stilegs RMsSebd S&%h@&%{tﬂ& nllcpdf\ﬁéd by using

omo

preferred embodiments of the present invention. An exemplary data reveals that for a
conventtonal nMOS 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 preferred 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
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silicide 8 by a gap G of preferably between about 50A
to about 900A, and nore preferably about 500A. This
gap G ensures that the top surfaces of the recessed
dielectric are lower than the channel region so that
the benefit of the preferred enbodi nents of the
present invention is nmaximzed. [0039] The test data
has shown that the stress has been significantly

nodi fied by using preferred enbodi nents of the

froprths éistlosuny efthé presenimveneii) bRk ¥sselainaclitss slafiufadtate, Edtfipositions of
a conventional nMOS transistor, a 520MPa conpressive

mafiér] @8&ns] Methbdd) bakt fRsdnit eﬁﬁﬁ‘ﬂi% I@J lateL@I R NHevel VPRI HahSerform
first preferred eﬁ%ggrnen? of e present |nvent|oﬂﬁis

sub%ﬁﬁ‘ﬂlﬂbjﬂﬂe sdnfterufi@idnl o?‘ﬁEﬁlé\Le suﬁﬁﬂjafa T?ﬁ ?de‘é@rn% trésﬁﬁ%s HR corresponding

ducéd to about 216MrPa. e preferred

emﬁ&ﬁﬁgﬁtm%gbfg hdrdife rr%'jr%@ %Bflzédrb\ég&ﬁhg%%&g& ntrﬂe tlon Accordingly,

carrier hus i rove ransi s
f
the @pended ROt are 3@1@541 SRR Al Béoc?essfﬁ&f‘me“’

%f oug h t he, res i nvention and its advantages have

mapy é?r“r&e%"é’?l?“ﬁ’é iy ‘B%tfeér meansmethets, PFPE under st ood
that various changes, substitutions and alterations
can be nmade herein wthout departing fromthe spirit
and scope of the invention as defined by the appended
clainms. Moreover, the scope of the present
application is not intended to be limted to the
particul ar enbodi nents of the process, nmachi ne,
manuf acture, and conposition of matter, neans, nethods
and steps described in the specification. As one of
ordinary skill in the art will readily appreciate
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-13 fromthe disclosure of the present invention,
processes, machi nes, manufacture, conpositions of
matter, means, nethods, or steps, presently existing
or later to be devel oped, that perform substantially
the sane function or achieve substantially the sane
result as the correspondi ng enbodi nents descri bed
herein may be utilized according to the present
i nvention. Accordingly, the appended clains are
WHAT ehdedIMBD 1scl ude within their scope such processes,
machi nes, manufacture, conpositions of matter, neans,
1. et Rogkihoddf fSingRS an Mbitiond strdebufd MER tlamsistdr, the MethB BRfprising the
of formng an isolation structure for a transistor,
steplf: Met hod conprising the 2 steps of: 3 providing a
substrate having a trench; 4 filling the trench with

guggrtg{r,@tﬁ%@ Sglb?tpatgggvmgrhgn&cg;at e dielectric on the

ormng a gate el ectrode on the gate

di eﬁﬁiﬁé?ﬂeﬁ@@&%ﬂ@ﬁemﬁdgai r of gate spacers on the

si dewafl's o e ga iélectric and the gate

el ectrode; 8.formng.a source/drain region in the
subOrPEE gfrigFqine H&t@&ﬂg%@fedr ain region is between
9 the gate dielectric_and the trench; 10 formng a

conftrBiRRegatef)eetrogs 0n fie 2atgdidesdiGf the source/ drain

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

forming a source/drain region in the substrate wherein the source/drain region is between
the gate dielectric and the trench;

forming a conductive layer on the surface of the source/drain region; and

removing portions of the dielectric to form a recess in the trench wherein the surface of

the dielectric is substantially lower than the surface of the substrate.

2. The method of claim 1 wherein the substrate comprises silicon, germanium or a

combination thereof.

3. The method of claim 1 wherein the method of removing portions of the dielectric is a dry

etch process.

4. The method of claim 1 wherein the depth of the recess in the trench is between about 50A

and about 1000A.
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11 renoving portions of the dielectric to forma
recess in the trench wherein the surface of 12 the
dielectric is substantially |lower than the surface of
the substrate. 1 2. The nethod of claiml wherein the
substrate conprises silicon, germaniumor a 2
conbi nation thereof. 1 3. The nethod of claim1
wherein the nmethod of renoving portions of the
dielectric is a dry 2 etch process. 1 4. The nethod of

5. cl allte rhethb@ofilaint heheefi ditepthelstep of et ing portifies dftRdilectric to
i s between about 50A 2 and about 1000th. 1 5. The

forfR18es Bif th€ trand) the WhiLdiRfabe 6 th€licleb@icS$ RVvePThah EBHHBE edge of the
portions of the dielectric to 2 forma recess in the

coddi8Veayet BEa Fwo%&&%%bwsdm&d%sh@m c is |ower
than thHe bottom edge of the 3 conductive |ayer by a
gap of between abut 50A and about 900A. 1 6. The
met hod of claim 1 further conprising formng an etch
6. st ophq metapd aladeim hBirthgs comprising formypgan etgl stgh dayer over the gate
spacers, the source/drain region and the dielectric. 1
elegirodgbe gaie ppagenss the sauren/daipregien and the disleshricst op | ayer
conprises silicon nitride. 1 8 The nethod of claim®6
wherein the etch stop | ayer conprises silicon

7. OXYiihd fhbfl6d tlaticlgim d %m%ﬁﬁtheépggto? WAL ImPMIE! Glidbnldiide.

conductive layer 1s a silici ayer conprising a
metal 2 selected fromthe group consisting
essentially of titanium cobalt, nickel and

8. conbhammethed ef daimh@ pvlerein the etch stop layer comprises silicon oxynitride.

9. The method of claim 1 wherein the conductive layer is a silicide layer comprising a metal
selected from the group consisting essentially of titanium, cobalt, nickel and combinations

thereof.

10.  The method of claim 1 wherein the dielectric comprises silicon oxide.

11.  The method of claim 1 further comprising the step of:

forming a trench liner before the step of filling the trench with the dielectric.

12.  The method of claim 11 wherein the trench liner comprises silicon nitride.

13. The method of claim 11 wherein the trench liner has a thickness of between about 20A

and about 200A.

14.  The method of claim 11 further comprising the step of:

forming an additional trench liner before the step of forming the trench liner.
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1 10. The nethod of claim1l wherein the dielectric
conprises silicon oxide. 1 11. The nethod of claim1
further conprising the step of: 2 form ng a trench
liner before the step of filling the trench with the
dielectric. 1 12. The nethod of claim 11 wherein the
trench liner conprises silicon nitride. 1 13. The
met hod of claim 11 wherein the trench liner has a
t hi ckness of between about 20A 2 and about 200A. 1
15.14. THavecthod hbdaiaf 14 wherminthe ddditidnel tranohibinersdongprisésah&trapsilicon
of: 2 formng an additional trench |liner before the
oxigéep of formng the trench liner. -16 115. The net hod
of claim 14 wherein the additional trench |iner
conprises thermal silicon 2oxide. 116. The nmet hod of

16 1 TRHEELOD Pt HeLERnS5R i “55es e yopriee 1 Witz of bevween

rnlng an isolation structure for a
ab%?%%&?%$690 ‘the nmethod conprising the 2 steps of: 3
provi ding a substrate having a trench: 4 filling the
trench with a dielectric; 5 partially renoving the
dielectric to forma recess in the trench wherein the
surface of the
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6 dielectric is substantially lower than the surface
of the substrate; 7 formng a gate dielectric on the
substrate; 8 formng a gate el ectrode on the gate
dielectric; 9 form ng gate spacers on the sidewal|ls of
the gate dielectric and the gate el ectrode; 10
formng a trench spacer along the sidewall of the
recess in the trench; I | form ng a source/drain
region in the substrate wherein the source/drain

17.r egA miethe] dffomeingian kalatiestgrtiee fbralt@asishof tadethb®comprising the
trench; and 13 form ng a conductive |ayer on the

stegsliff ace of the source/drain region. 1 18. The net hod
of claim 17 wherein the trench spacer is forned at the

SanBrolidifg A fBstedd BavingSPRgR: |s fornmed. 1 19. The
nmet hod of claim 17 wherein the trench spacer is forned

by glﬁhgmegfe@l%%tﬁ aqﬁgmﬁél 2 vapor deposi ti on met hod.
1 20. The nmethod of claim 17 wherein the trench spacer

(S PSP MR 4 e et
G e R

spager, conprises silicon oxide. 1 23. An integrated
of r Gt drenE 8 isubsigte;

forming a gate electrode on the gate dielectric;

forming gate spacers on the sidewalls of the gate diclectric and the gate electrode;

forming a trench spacer along the sidewall of the recess in the trench;

forming a source/drain region in the substrate wherein the source/drain region is between
the gate dielectric and the trench; and

forming a conductive layer on the surface of the source/drain region.

18.  The method of claim 17 wherein the trench spacer is formed at the same time the gate

spacer is formed.

19.  The method of claim 17 wherein the trench spacer is formed by a low-pressure chemical

vapor deposition method.

20.  The method of claim 17 wherein the trench spacer is formed by plasma enhanced

chemical vapor deposition method.

21.  The method of claim 17 wherein the trench spacer comprises silicon nitride.
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2 a substrate having a trench wherein the trench is
partially filled with a dielectric and 3 wherein the
dielectric is recessed fromthe surface of the
substrate thereby formng a recess; and 4 a
conductive | ayer over the substrate and adjacent to
the trench, wherein the conductive 5 layer is
substantially not connecting with the dielectric. 1
24. The integrated circuit structure of claim 23

1 22.wheTle methbeobelhiat Hawhereinni irarh spdckt @@fprisds gREdHRIRIdEN
or a conbination thereof. 1 25. The integrated circuit
structure of claim23 wherein the depth of the recess
is about 50A 2 to about 1000A. 1 26. The integrated
circuit structure of claim23 wherein the dielectric
is lower than the bottom 2 edge of the conductive
| ayer by a gap of between about 50A and about 900A. 1
27. The integrated circuit structure of claim 23
wherein the dielectric conprises silicon oxide. 1 28.
The integrated circuit structure of claim23 further
conprising an etch stop |layer over the 2 conductive
| ayer, the trench and the dielectric. 1 29. The
integrated circuit structure of claim28 wherein the
etch stop |ayer conprises silicon 2 nitride. 1 30. The
integrated circuit structure of claim28 wherein the
etch stop layer conprises silicon 2 oxynitride. -20
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1 31. The integrated circuit structure of claim23
wherein the conductive layer is a silicide |ayer 2
conprising a nmetal selected fromthe group consisting
essentially of titanium cobalt, nickel and 3
conbi nations thereof. 1 32. The integrated circuit
structure of claim23 further conprising: 2 a trench
liner underlying the dielectric. 1 33. The integrated
circuit structure of claim 32 wherein the trench Iiner
23.conn irsegatsd tiradrst@ctoid congpeising: 34. The i nt egr at ed
circuit structure of claim32 wherein the trench |iner
hasa aubbtfite kingssa Bénch irtoke iz teheiis p2RAIAANc@ QDA 2 dlelvric and
The integrated circuit structure of claim32 further

wh&eiiRhé GieR6tric s RBesBE rérh AtAurthEL8TaRe dubBiedte uﬁ%? k38 a recess; and
the trench liner. 1 36. The integrated circu

St r YeIndi&ivafiayet %&Eﬁb@u%t@ft@érﬂ a'iijh%erﬂ%lme'tféﬁajn #He_}?gﬁlgthe conductive

i ner conprises 2 thermal silicon oxide.

tayb 8 SOy Glof G4t Sl W] HE BicRloyfl, @l m 35 aher ein t he

dition tren t hi ckness of between
about 20A and 500A. 1 38. An integrated circuit
structure conprising: 2 a substrate having a trench
24.wh eFled integtagedroinenic birioturp af elpiat 23/ whereinghe sibstiatg comprises silicon,
dielectric and 3 wherein the dielectric is recessed
gertnheinef arpeombinatiog thereoécess;
25.  The integrated circuit structure of claim 23 wherein the depth of the recess is about S0A

to about 1000A.

26.  The integrated circuit structure of claim 23 wherein the dielectric is lower than the bottom

edge of the conductive layer by a gap of between about 50A and about 900A.
27.  The integrated circuit structure of claim 23 wherein the dielectric comprises silicon oxide.

28.  The integrated circuit structure of claim 23 further comprising an etch stop layer over the

conductive layer, the trench and the dielectric.

29.  The integrated circuit structure of claim 28 wherein the etch stop layer comprises silicon

nitride.

30.  The integrated circuit structure of claim 28 wherein the etch stop layer comprises silicon

oxynitride.
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4 a gate dielectric on the substrate; 5 a gate
el ectrode on the gate dielectric; 6 a pair of gate
spacers on the sidewalls of the gate dielectric and
the gate electrode; 7 a source/drain region on a side
of the gate dielectric and the gate el ectrode wherein
the 8 source/drain region is between the gate
dielectric and the trench; and 9 a trench spacer on
the sidewall of the substrate in the recess of the

31.t r enehintegraB@ . cirdhie strutheg bbdlsich 23 Whetkin thd condtictive 19er is a silicide layer
claim 38 wherein the trench spacer conprises silicon 2

conifirisfrigenetd] séRcted fi®nd Mt GNP cOkbisting Gibehtily o Eitdhinen, Aobalt, nickel and
claim 38 wherein the trench spacer conprises silicon 2

cmﬁmhﬁﬁnsémﬁ%f The integrated circuit structure of claim
38 further conprising a silicide |ayer over the 2
source/drain region, wherein the silicide layer is
substantial ly.not connecting with the diglectric. 1

32. 42 Therjptegiated sirgvib gruciyre of ¢laigy 24, Qurtherecogiprisingi m 41
wherein the dielectric is |ower than the bottom 2
edgetrgich finer widpitying thejdigleatriyy a gap of between about
50A and about 900A. 1 43. The integrated circuit
structure of claim41l wherein the dielectric conprises

33.51 | ’fl?eq{ltegﬁé\:éa%rcuﬂ- sthfcfurd 01461aImTi‘fwhé}EﬁQﬁ@fr@rgthm@lcéﬂrﬁpnses silicon

structur 'aim41l wherein the silicide | ayer
nitI%%rrprises a net al

34,  The integrated circuit structure of claim 32 wherein the trench liner has a thickness of

between about 20A and 200A.

35.  The integrated circuit structure of claim 32 further comprising:

an additional trench liner underlying the trench liner.

36.  The integrated circuit structure of claim 35 wherein the additional trench liner comprises

thermal silicon oxide.

37.  The integrated circuit structure of claim 35 wherein the additional trench liner has a

thickness of between about 20A and 500A.
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2 selected fromthe group consisting of titanium
cobalt, nickel and conbinations thereof. 1 45. The
integrated circuit structure of claim 38 wherein the
trench spacer is formed of a sane 2 material as the
gate spacers. 1 46. The integrated circuit structure
of claim38 further conprising: 2 a trench |iner
underlying the dielectric. 1 47. The integrated
circuit structure of claim46 wherein the trench |iner
38.condu imsepsated tiromfistrdctoictdoipeising: 48. The integrat ed
circuit structure of claim46 wherein the trench |iner

has, aubsttdiehsik) a férdh Shereid he freAdON hark@HVREcBRih WIRI @it and
the stress is a tensile stress or a conpressive

whetbih @8Sdieltetfi® is rEEQsddth§8foRd REnfmislaGlieks; St ruct ure of
claim46 wherein the trench liner has a thickness of

2_Qﬁ%&gﬁgﬂagg%hﬂ%gﬁPgﬁETZOOA. 1 50. The integrated

circuit structure of claima46 further conprising: 2 an

g(ifjd'%egagéﬁotgéggmoéaiten&ae&p&erI ying the trench liner. 1

rated circuit 'structure of claimb50
wher ei.n

he additional. .t liner .. i 2
RE R R LSRR R A —
e g Sk S0P b UL OOl LSRR i

500A.. -23 . ) i
source/drain region is between the gate dielectric and the trench; and

a trench spacer on the sidewall of the substrate in the recess of the trench.

39.  The integrated circuit structure of claim 38 wherein the trench spacer comprises silicon

nitride.

40.  The integrated circuit structure of claim 38 wherein the trench spacer comprises silicon

oxide.

41.  The integrated circuit structure of claim 38 further comprising a silicide layer over the

source/drain region, wherein the silicide layer is substantially not connecting with the dielectric.

42.  The integrated circuit structure of claim 41 wherein the dielectric is lower than the bottom

edge of the silicide layer by a gap of between about 50A and about 900A.

43.  The integrated circuit structure of claim 41 wherein the dielectric comprises silicon oxide.
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44.  The integrated circuit structure of claim 41 wherein the silicide layer comprises a metal

selected from the group consisting of titanium, cobalt, nickel and combinations thereof.

45.  The integrated circuit structure of claim 38 wherein the trench spacer is formed of a same

material as the gate spacers.

46.  The integrated circuit structure of claim 38 further comprising:

a trench liner underlying the dielectric.

47.  The integrated circuit structure of claim 46 wherein the trench liner comprises silicon

nitride.

48.  The integrated circuit structure of claim 46 wherein the trench liner has a stress of higher

than about 100MPa and wherein the stress is a tensile stress or a compressive stress.

49.  The integrated circuit structure of claim 46 wherein the trench liner has a thickness of

between about 20A and 200A.

50.  The integrated circuit structure of claim 46 further comprising:

an additional trench liner underlying the trench liner.

51.  The integrated circuit structure of claim 50 wherein the additional trench liner comprises

thermal silicon oxide.

52.  The integrated circuit structure of claim 50 wherein the additional trench liner has a

thickness of between about 20A and 500A.
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