Met hod of forming an isolation structure for a transistor TECHN CAL
FI ELD (0001] This invention relates generally to sem conductor
integrated circuits, and nore specifically to the inprovenent of
CMCS transistors by applying stress. BACKGROUND (0002] The scaling
of VLSI circuits is a constant effort. Wth circuits becom ng

smal | er and faster, device driving current inprovenent becones nore
inportant. Device current is closely related to gate length, gate

capaci tance, and.carnrier bi.lity. orteni al y-gat.e, | engt h,

i ncreasi ng gate B@cﬂf‘?ﬁﬁ@%ﬁﬁ@?ﬁgg} W@gﬁf ral S5y can

i nprove the device current performance. Gate length reduction is an
on-going effort in order to shrink circuit size. Increasing gate
capaci tance_has_al so _been achi eved by efforts such as reducing the

gate di el edEFHRIGALERIdY s, increasing the gate dielectric constant,
and the like. In order to further inprove device current, enhancing

carrier nofgbity "!@ﬁsiﬁ*l'e%ﬁmbﬁ&?es%&wrﬂfy@@semﬂ@ﬁ%&riﬁFﬁQﬁd@ﬁéu@tE,ta%d lm%_ske

to enhance carrier nobility, form ng a stressed silicon channel is a

known pr acticGical§th BRImpRYerRll BNCRIORUKSIRbE B hiilyiagld0! e mobility.
The performance’of a transi stor can be” enhanced through a

stressed-surface channel. This technique allows perfornmance to be

i nproved aBA@KORGUEDt gate |length, wi thout adding conplexity to
circuit fabrication or design.

16002] The scaling of VLSI circuits is a constant effort. With circuits becoming
smaller and faster, device driving current improvement becomes more important. Device
current is closely related 1o gate length, gate capacitance, and carrier mobility. Shortening
poly-gate length, increasing gate capacitance and increasing carrier mohility can improve
the device current petformance. Gate length reduction is an oun-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.

[0603] Among efforts made to enhance carrier mobility, forming a stressed silicon
channel is a known practice. Stress can enhance butk electron and hole mobility. 'fhe
performance of a CMOS transistor can be enhanced through a stressed-surface channel.
This technique allows perfonﬁance 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
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(0004] When silicon is placed under stress, the electron nmobility is
dramatically increased. Stress can also be applied to the channel
region by formng a stress-inducing contact etch stop |ayer (CESL)
over the transistor. Wen such a contact etch stop layer is -1
deposited, due to the lattice spacing m smatch between the CESL and
the underlying |l ayer, a stress develops to match the lattice

spaci ng. have c ent lel .to the.

t Pans i gt 0 rhgl%%gn e f10, %E gaz??% r@X?mg o ?%E%ge?@ﬁ% fhe Hflﬁaeéﬁ’l“}%lﬁyer’
Research ha v SL that |nduces atensile stress
fieldin 5ﬁ§ﬁ§’?§l€v %qu?ﬂ"%ﬁ‘rtgﬁﬁ 17 SB31& npr ove nMOS per f or mance, and
conpressive stress can inprove pMOS performance. In order to

i ncrease fowspenefTheitalss ah detdconpdnerdteptsglt] i 1de @iﬁﬁmtmraﬁhel @ﬁd fahIRl
it is desired that the tensile stress in the channel |ength

di recti on(bmeitasifeSRRIH SrediMPRdsERBShad O elled A a Lctﬁémﬁcﬁ&% ¥ fensile
stress in the channel |length direction be increase
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length direction be increased for pMOS transistors.

[0006] Figure 1 illustrates a conventional nMOS transistor 1. Shallow trench isolations (STI)
4 are formed in the neighborhood of CMOS transistor 1. STIs 4 typically generate a compressive
stress to the channe] 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 subs&ate 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



conprises a dielectric 10, a gate electrode 12 and gate spacers 14.
STls 4 are recessed below the ¢ surface of the substrate 2. The
renmoval of the STI nmaterial at opposite ends of the device channel
16 elimnates the conpressive force caused by the STI material.
Silicides 8 are then formed. Since recessing the STls 4 exposes the
silicon substrate 2 at the sidewall |I 1 of the substrate 2, a

| d t 13 i 11, of th
recesses. BB dhaabla b S U AL AT BB Bt el i e
degrade the.d f or.mance. i.cal | for tran tor th
Wi ge j unc??%ﬁg\{’{’gﬁé&btﬁ%‘ftdﬂ%‘émlg "b@ﬁ%@%ﬂ"'nﬁ%ﬂoﬁ is great), f Ith e ;SSWI

|l ess of a silicide penetration problem Wen the devices are scal ed
down and the junctions are small, however, the -2 penetration problem
is nore severe. Therefore, a nethod is needed for controlling the
stress applied by STI without incurring a silicide penetration. C -3
SUWWARY OF THE | NVENTI ON [ 0007] The preferred enbodi nents of the
present invention present a nmethod of inproving transistor carrier
mobi lity by adjusting stress through recessing shallow trench
isolations. [0008] In accordance with one aspect of the present
invention, a trench is formed in a substrate. The trench is filled
with a dielectric material. A CMOS transistor is fornmed next to the
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trench. A silicide layer is fornmed on the surface of the source/drain
region. Arecess is fornmed 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 formed 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
cont act eSYMMARIPOF A IN'CERIJONs forned over the gate el ectrode,
gate spacers, source/drain and the dielectric material. The CESL

I I t I f the t
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etched back first, and silicides on the source and drain regions are

t hen for npabosjir e NG{bcsPaBRISiE énef QpeTeOf the pREGR irtvRfitid]) @ teHElFls FbhRd in a
material before formng silicides so that there is no silicide forned

on the skgrwak! TIRf trdnbR jSHIRSE WA £ dlelRclitndi&s8 S8 cMbS ﬁans@st&ﬁ§¥oﬂn%d next to the
appl i ed to apply a beneficial stress to the channel of the
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(ﬁeVl ce, blé&bs%angalﬂy lower than the surface of the substrate. The recess may be formed by any removal

process, preferably by a selective etch process or etch-back process. The recessing of the STI
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.

[o009] 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 CMQS 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



al so protect the sidewalls of the substrate in the recess of the ST
fromformng a silicide penetration. [0011] 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

performancg 1s enhanced. ..The.sil.icide penetration bl em i.s al.sa

ol ved: 5 RrpRR S PRERRRAITRE o s B B Resen T oA T B Soifae
conpl ete understanding of the present invention, and the advant ages
thereof, PE¥EPEMte is now nmade to the fol | owi ng descriptions taken in
conjunction with the acconpanying drawi ngs, in which: [0013] Figure

1 illustrgioas) a cggw&_eﬁsﬁ%mb sTivige Me%igﬁﬁ&z;apﬂ%]lﬁ]thézs%ﬁeﬁal is reduced or
illustrates a conventional nMOS transi stor having a silicide

penet rati @fminafed] PREIGESIE 8 $n t'ﬁetré%ggl&ﬁ& thet %#ﬂ-l’?% Aék2d &rdsk i the chanmel based

preferred enbodi nent of the present 1 nvention; 0016] Figures 8
t hrough 12 i4l.l - r Iy i
invention?ng% dg§??ogﬁ§§%g§gl e? &gﬁgﬂbﬁﬁﬁﬁﬂbggﬁggfémgﬂ%ﬁﬁégﬁﬁ@&ﬂ,ﬂms

preferr edpgr or%%ht%gten}%];lcé(f The El%%l%gtpenétrg & Itarlogféin is also solved.
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C -6 f DETAILED DESCRI PTI ON OF | LLUSTRATI VE EMBODI MENTS [ 0018] The
maki ng and using of the presently preferred enbodi mrents are di scussed
in detail below. It should be appreciated, however, that the present
i nvention provides many applicable inventive concepts that can be
enbodied in a wide variety of specific contexts. The specific

enbodi ments di scussed are nerely illustrative of specific ways to
make and use the invention, and do not limt the scope of the

i nvent i on BRIBH PFSCRIBRTIOMN Q37 I DRWENGENnt s are illustrated in
Figures 3 through 16 wherein like reference nunbers are used to

desi gnat e (dd el t . Valel views and

L 1OIBE o RO e Jéﬁﬁ@%&%@%ﬁ?@ﬁ%ﬁ?&ﬁ.‘“I’%I%?B’J ang, the pdyantages
through 7 llustrate a preferred ephodi ment of. t he present invention.
i e R e R T R R T R
4 in a substrate . 2. In,the preferred enbodi nent, substrate 2 is a
silicon sAWOMPALAENE fraWigiein di nents, substrate 2 conprises

mat eri al s such as germani um carbon, and/or their conbinations. STIs
4 are forpmdsjn FhereSUiPBtAte AnvRitRhAANOY th¥sigbehi ng shal | ow
trenches in substrate 2, then filling the trenches  through high

density plasnma deposition of SiO2, or HDP oxide. The trenches can
al so be fi¢41ldy byFigure 2 illustrates a conventional nMOS transistor having a silicide penetration;

( B [0015] Figures 3 through 7 illustrate a first preferred embodiment of the present invention;

[0016] Figures 8 through 12 illustrate a second preferred embodiment of the present

invention; and

[0017] Figures 13 through 16 illustrate a third preferred embodiment of the present

invention.
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a dielectric material conprising polysilicon. The process is
controlled so that the STI is raised above the substrate 2,
preferably about OA to about 500A. By making STIs 4 with an
acceptabl e height, the sihicide formed in the subsequent steps is

|l ess likely to have penetration forned along the edge of the STIs 4.
To inmprove the performance of the transistor to be fornmed, the STls 4
are preferably located such that if a line is drawn between the STIs
4, the |i PETAJLEDDESGCRHETION QF HIGITRATRR EMBOIIMENTSubst r at e

| attice structure. Therefore, the orientation of the transistor

channel i ong ; O directiagn. -7 [.0021]. Fiqure .4 . .
ot r ac DO1Rhe" PEbaIRhR o] udEofhl BEiend) visidres Ketbouintt B alhoussg im detai
drain regions e dielectric 10 is deposited on the .gurface of
Gubst r at 6 9Ol st EPh T air itied. Ho%edeh b RS Giediom P ULE T ppplicable
The gate electrode 12 is preferably polysilicon, although it may be
formed of UERtYe coBFepts tii‘%trFBB Eﬁa PRt in A ids yagiety of spgeitiscantexts. The specific
sem conductor, netal oxide and/or_ silicide. [0022] A pair of spacers
14 is for rebodimenig dispessed eremarely ilbmtratine of spesifén waysde niake a0l usathegavantion,
el ectrode 12. Spacers 14 serve as self-aligning masks for a
subsequenendduna didt the nedperofitite ioventipn.ocess. The spacer material can

be oxide, silicon nitride, oxy-nitride or any conbi nations thereof.

The space be fornped. by. wel | - kno t hods such as .bl anket..
mosr 1 nigvadf o e uielee Sepipt - AR 38R B PP e
sing t heger{e?rlen 2 %rss’arf!- Ssed o ggs?gl,ﬂtat% like elements throughout the various views and

illustrative embodiments of the present invention.

[0020] Figures 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

T

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.



chem cal vapor deposition (LPCVD) or plasma enhanced vapor deposition
(PECVD), then anisotropically etching the dielectric material to
renove the dielectric material fromhorizontal surfaces but not from
the gate electrode sidewalls. In a nore preferred enbodi nent, the
spacers 14 conprise a silicon nitride layer formed on an Si Q2 | ayer.
Wth such a structure, the spacers 14 not only have a high-k of

silicon nigds.de ( t,: but -t hey also have.the excell ent ality
of SiCe. [@;Zlhﬂg s?]%?%éo4anlHl§%art?sdt§e i ﬁ%{l U FoRals YAoKy SPAP Yy aﬁﬁﬁ%lgc%%% deki

sel ective_etchi | bl.e.when the, STls 4 are etched back. [0023] .
Sour ce an&HfSi g%ﬁééi%%ﬂ%“%@%é{%?%tﬁd PB-FEI?ESH?fa@ PE@“&W@'&%"WIF@@%#% 18

6 can be _fornped by jinplanting the desired dopant into silicon ]
substrate fozmﬁg%wa %bo'tT%é galsshecodenld 1s gredsrably palysitisors, althanghéf may be
epitaxially growing silicon with desired dopant. The fornmation of

sour ce anéPrEedPhmetaiosAsOBPaR SRFlurdGenwRising ndial, semiconfthesonl tetal bxide ped/or
not repeated herein. [0024] As illustrated in Figure 5 a netal

silicide 8licde. a conductive layer, is formed on source and drain
regions 6. In the preferred enbodinent, silicide |ayer 8 is fornmed by

first -8 sitiyng. acthin site Javer o t t hen. anneal i n

to form a[@?P ci dé 11‘(tfj)oefts acgﬁcl?’ %P"“&S@SP%/ gﬁ Sf‘%ﬁ”& S a‘LtBe gﬁggﬁﬁnﬁﬁﬂ i3Hg sate
exposed silicon .r.egions.. , The net formng the siJicide may _be a .
Cronarti oHEHE SRR 1 o5 i el Iute TS (o Ao palee/drain formation
tungsten, tantalum nickel, or the |like or  sone other appropriate

(Q‘ nduct i vEroseiselhepacer matenal san begxidss siflegmrifridegopynigider @ay combinations

thereof. The spacers 14 may be formed by well-known methods such as blanket depositing a
dielectric layer over substrate 2 and gate electrode 12 using thermal process, low pressure
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 ¢an 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



vapor deposition (CVD), physical vapor deposition (PVD) or other
alternatives. The upper portion of any un-reacted netal is then
renoved. [00251 The STls 4 are then etched back, as shown in Figure
6. A highly selective etching back process is perforned so that the
spacers 14 are substantially not affected. In the preferred

enbodi ment, a dry etch is perfornmed. As discussed, the spacers 14

pref er abl yen i ﬁlastﬁm%oﬁ'lglobl?é)l@ er'dF efag%? n%mga[fm LRIl { l?clgnS gtt\%ge%

or gases that y atta D> Oxi Ficon ni

used. The n re enou .

that the dgé)o%ﬂéd’]%ﬁ%ﬁg@ntge ﬁlﬁ@e gur{geexgos&g gﬁlgfm eﬁg)na.gj] g’é&%}fgﬂ?}ﬁ$ ﬁqf@ﬁ}cgde may
substanti ved and t h ' .mageri a

conpr essi 5s&f’F @gnpgtaf ]: oui‘g ﬁ%F@Pﬁ‘f“e cg]?aclt pglgggg,tqugqjumhlggkel or
the top s r geces of t he recessed TIs 4 be substantially | ower than
channel %h JHKC1O0R S0TRR PIBET FRPRIITR{Fondygtive mgferial, Thg astal gpn bgdeppaited by ehemical
STls 4 is |lower than the top surface of the substrate 2. Preferably,

the reces¥?RAy deppsision (BVILY, platsicekerandapesison(BVD ) other ab@ogtives.tThesipper
noted that since the STIs 4 are recessed after the formati on of

silicide 8ortign ofany wi-ttactpdnwtal it themreimmvédr med. A gap G as shown in
Figure 6 between the top surfaces of the recessed STIs 4 and the

ilicid b 9 G defi ti

o the oi T8 [0 Che SIS 4y BRG YendPBld, 4o BiFwAt lﬁ‘%lﬁsee%fah”ﬁﬁfﬁa%}%@as givhing
7 ill ntact. etc o]

cre) oo Bdirdecps s Bt o&%&gﬁe&% SRt L @e SRRty po3Roeh dn Herefemed

to the devi gce,.and enhances ri er nmobi llt%&} and second, it acts as

an etch sfBpoJimgnt 2 dy gie Fé’(?’f ol s Jishwpseh gieonacers hpistrably enperise a silicon

etched. Since a
nitride on top, therefore an etchant, or gases that only attack HDP oxide but not silicon nitride,

can be used. The etching back distance D is desired to be great enough so that the top portion on
opposite sides of the device channel 16 is substantially removed and there is no STI material
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 substrate 2. Preferably, the recessing
depth D is between about 50A to about 10004. 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 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



tensile stress on channel 16 is beneficial to nMOS transistors and a
conpressive stress is -9 beneficial to pMOS transistors, a CESL 22
wWth tensile stress is preferred for an nMOS transistor, and a CESL
22 wWith conpressive stress is preferred for a pMOS transistor. It is
desired that the magnitude of the stress applied by the CESL is

hi gher than about 100MPa, and nore preferably higher than about

5 0 OMPa. | Beﬁeﬁ&aﬁ%}q\/ﬁgﬁ?{aﬁmgt&% ;. @E%%Z%ﬁﬂ%ﬁsﬁ% (g{l'eSIS %Se%ICPBI’I\I/'% { r a o ﬂég g‘aﬂsmtor

since the orirgin rovi Hes npressi héré

recess for r ve.a C L es

stress hi g‘h CFEQ t“ﬁ Olm eSﬁWF Sg?sls éssfgr %FS‘?/ 0] gd’&\&/}g ?‘ﬁ i ﬁwgdesm that the
referabl abou n.the

ot ch st oph ﬂ{ﬁ o5 talas pHie e GRSty A8 erttbﬁnabﬁgglso%wap?r@m% proferably

enough stre . Therefore a thickness of about |Onmto about 100nm

and nore B8 ?f dhanAbPubHINMPas dnthe cpssrwherssthe formed trgasistpiei 2 pMOS fansistor, since

preferred enbodinent, CESL 22 is silicon nitride. In other

enbodi menths origina] SHpravidsd aieomigessive st if theteris noreoes foinsdsthe CBSLdkys022 is

be used. [0027] Figures 8 through 12 illustrate a second preferred

enbodi menpreferied o Baw@ ai doimps¢ssiat egess highef thamtieiooiginel stesg@beided By the tSAL,C

10 and a gate el ectrode 12 between STls 4. STls 4 are etched back,

pr ef er abl yrefyyaldy kighérabarighout SEMPD A8 khowhinlic RCOBERSetADstod Ber 22 needs to
preferred depth D of the recessing 30 is about 50A to about 1000A,

zﬂd nor e pevRfaeeaiinthidbus tof20Ade EZB kirdsk Mc@ef&e'a'tiu@ﬁﬁé’s@éﬁd?ooﬁmnm to about
rmation of gate spacers 14 and trench spacers 32. Gate
100nm, and more preferably about 50nm, for CESL 22 is desired. In the preferred embodiment,
CESL 22 is silicon nitride. In other embodiments, silicon dioxide, SION, and their combinations

can also be used.

[0027] Figures 8 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 S0A 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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C- spacers 14 are fornmed on the sidewalls of the gate dielectric 10
and gate el ectrode 12. Trench spacers 32 are forned on the sidewalls
of the recess 30 in the silicon substrate 2. Preferably, gate

spacers 14 and trench spacers 32 are forned at the same tine and by
the sane process. Trench spacers 32 protect the substrate 2 so that
It is not exposed fromthe side. [0029] Figure 10 illustrates the

formati Onfi&{ sﬁ%r%%gi%ﬁgmghﬁk Jel: oﬁ@f %l 1|40\ﬁ?%2b u}ct(];? alde éj)losr{stfi agg STIs 4.

of a neta ayer rre

14 and 32 %t%%fre@%?%n%e?‘*&gm%tﬁ@%‘?§%aarga?foé‘ﬁ’%fe%owﬁﬁéfnﬁﬁﬁﬁa{ﬁwﬁ@m gy

the nmetal |ayer 34 can al so be deposited on source/drain regions 6
only. [O(BO]] Fi gBigerelll illhdtrasdsiad fommition df eiliokiki80Aftef arikdling| 4l€ilidide 8§ is formed
After annealing, a silicide 8 is forned between the source/drain

regi ons 6b&kder Mt 8burdddraiil rebidfis 6 aREmEaBY, A3 115d dahrfeltiie, 3 ilicRle 38§ RMmed
between the gate electrode 12 and netal layer 34. It is appreciated

that the paivaén &é zt%meﬂo@@u idaan& 1%@@rI?ls%gpl%&gteg%#tmglrﬁ fdfhed on

does not forma SI|ICIde | ayer since there i1s no underlying

si l'i con/ pglLysis hgc%ggszahl'a % ?eas#u%g s (RIRL nb?fo%ﬁggll{&?dm¥ egmhgeat\ﬁel%qiﬁo underlymg

silicides 8 an C spacers spacers

i Thotde SHlg Rl Uz hed”fﬁétéiat i sy 163'15%&#1%%?8@&3 35 g e

- Sim L 22 provides either a
‘{- Simlag Lo e Pegy! Ispoalégrs Toodient, CFS P

[0031] Figure 12 illustrates a CESL 22 formed on the silicide 35, gate spacers 14, trench
spacer 32, silicides 8 and STIs 4. Similar to the previous embodiment, CESL 22 provides either a

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 cormers so that

the electrical field is less concentrated at the corners.
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]
tensile stress or a conpressive stress to inprove carrier nmobility.
[0032] It is to be appreciated that in the second preferred
enbodi nent, the silicide 8 is fornmed after the STls 4 are recessed.
Al t hough the sidewall of the substrate 2 is exposed due to
recessing, by formng trench spacers 32, silicide penetration is
prevented. Since the trench spacers 32 are forned at the sane tine

th t ' 1 . 3

Yot anot hETRRFef ey S maraay Rl s R b Ao RR fySreh S Blae 5. 1 RATG
16. Fi 3. 441 st the. f t frrsh t h, ..

ool at § ongreehred st PSR ul GO BT bRaRP OB St iR nea s

2 oS Sk s A 53 bR R of e ESER ol T
having a preferred thickness_of between about 20A to__about 500A. The
liner oxi dEmsg “h%%bé%qu@‘i@t‘iﬂ%eﬂé?eﬁﬁéé%gp%@ep?% anrthevRe shieMOstransistagell the

caused to the exposed surfaces of the trench arising fromthe etch
step. |t #&passterdsansMvetransistuzhthe ovpond treerchtlings 52 prgerablvbasry tensile piresp.d
is less concentrated at the corners. -11 [0034] A second trench |iner
52 i s f or Gedvessely,hethe neighbarmgricinsibtonsa PO d érasdistor, thelsasond trepelelimar 52d
t hi ckness of between about 20A to about 200A. The second trench liner
52 has anpreferiidy &ad a Sdoigssiveattdtain dithebqpt, itesst@ssit pafaatble higher thhastoat
region of the CMOS transistor that will be fornmed in subsequent

-eps. TheoeNIP£SEhels¥idddRASHSr G if N@icle¥RR I%fer FAESmtlly foeks bPsisNJ, BidNSiON,
ransi stor is an nMOS transi stor, the second trench |liner 52

pref er abl ¥y N@snBndtRRsI It EanMd B8Sed by CVD, PCVD or other known methods.

[0035] A third dielectric material 54 is then formed filling the remaining space of the trench.
Preferably, the third dielectric 54 is a HDP CVD oxide. A CMOS transistor 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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Conversely, if the neighboring transistor is a pMOS transistor, the
second trench liner 52 preferably has a conpressive stress. In
either case, the stress is preferably higher than about 100MPa. The
second trench liner 52 is a dielectric |layer preferably formed of
Si3N4, Si2, SiON, and combinations. It can be forned by CVD, PCVD
or other known nethods. [0035] A third dielectric material 54 is then

f d filgd th Pl 3 : r
5 T LIRS, £ BT BRI vy Pl Bk

L
| | ' 4. 03 Fi 1 t
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material of,  the secqopnd trench |l jner 52 is preferably different from
t he mater ieéfFCtB’PIYtIH lg’ﬁh‘? gfresy P@?lﬁgg’b’iﬂi‘? B maferl dhefegbeclipeiop sutaesi g
the third dielectric 54, the second trench liner 52 is not attacked.

I n ot her &rBead Aistrcsics dpad P ir Fignres Ach! B dearsprefmablplowsnthan dap botgm of the

the second trench liner 52 can be formed directly in the trench.
[0037] Fi gilicide 8dyia gapst pEprefrabl Crswedbbor WddtoahottRI0EMBE mompséfstably about
57, the first trench I|iner 50, the second trench liner 52 and the

third di el56@hrThis gab. G Thersshatrtbe topemdivet bfhe r&@2ssah dictebric aGEBwe? fhan the
provi de a conbined tensile or conpressive stress to the channel of

Zn.e CMOS chaneli ragioh so that HhadeteMpf tHOréMaSl dnittuash&ltosf thy PRs&@ ifveation e
tress applied to the channel region can be adjusted in a greater

range. maximized.

[0039] The test data has shown that the stress has been significantly modified by using
preferred embodiments of the present invention. An exemplary data reveals that for a
conventional 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.

f0041] 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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-12 [0038] In the preferred enbodi nents di scussed above, renoval of
the STI material at opposite ends of the device channel elim nates
the conpressive force caused by the STI materials. The applied CESL
22 further changes the stress applied to the device channel region.
In order to effectively nodify the stress applied by the STI
material, the respective top surface of the recessed dielectrics 4

and 54 lnﬁEﬂn&Hé&ﬁ 18surd 3f A8 Prelent¥Rni
of the silicide ?3 Ef)u§ a gang (;f p?eélg%g({)@{’gg%éﬂ[a%{ﬁ‘s a ﬂﬂi;aEtglgeAp&ﬁﬁc%mons o

about 9001%att@rnﬁilezrtﬂ%r ﬁle 5&3: o & g f’egé}ﬂ exgggéar 14 lzgzad%vg’ﬁgéhs %?Ser%o%t

the top surfates of t e reces ectrit are omer

channel sg,gfaﬁnaﬁttwsaﬂmt ﬁsc@o%nﬁucﬁlg@e R SuRIEHE BEE - SRAE WDk hgine

t he present 1 nvention SY est

t hat the st a ni figan difje u5|n efe re
embodi ms\n'tmél %ﬁmﬁﬂt ﬁ E"é%ﬁer% d‘&?l 9&%‘% glﬁ?ﬁlt%% pﬁ%?f”éq?‘ ngly,
for a ventiqn nNCS fra S|stor a 520MPa conpressive stress |s

si mul at ed ﬁPI?Eﬁ]g f@ﬁla re iejidh fo inghde withie thetr SEPpFusheFecseca msHingBnt
of the present invention is enployed, the detrinental conpressive
stress i sMARHACEIE, %EW%EBEFS2@@NP§NnFG@4@FﬁQﬁ%Om¥@$erred enbodi ment s

of the present invention inprove the carrier nobility and thus

i mprove CMOS transistor performance. The silicide penetration problem
is also solved by wusing various schenes as descri bed.

c
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[ 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 nmade herein w thout 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 particular enbodi nents of the process,
machi ne, r ng. conposition of matter, neans, nethods and
st eps desgﬁggtggkiéﬁkgﬂ%g%cification. As one of ordinary skill in the
art wll readily appreciate -13 fromthe disclosure of the present

i nvent fonl- pr oéé%%?g%d of fgEAINg @8 isolalinn shkatyre ot admmpistor.ithomethed comprising the
nmeans, nethods, or steps, presently existing or |ater to be

devel opedstepsnft perform substantially the sane function or achieve
substantially the same result as the correspondi ng enbodi nents
described her eproviting doeibstratt haenl agewhdi ng to the present invention.
Accordingly, the appended clains are intended to include wthin

t heir 4cope sufilinptiecessksvithmdiblesteis;, nanufacture, conpositions of
matter, means, nethods, or steps. CC-14 WHAT IS CLAIMED IS: 1 1. A

met hods of f or NfopRirh dabddioleb®l ofilthidGibstiAe;f Or a transistor, the nethod
conprising the

6 forming a gate electrode on the gate dielectric;
(" 7 forming a pair of gate spacers on the sidewalls of the gate dielectric and the gate electrode;
8 forming a source/drain region in the substrate wherein the source/drain region is between

9  the gate dielectric and the trench;
10 forming a conductive layer on the surface of the source/drain region; and
11 removing portions of the dielectric to form a recess in the trench wherein the surface of

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

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

2 combination thereof.

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

2 etch process.

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

2 and about 1000A.
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2 steps of: 3 providing a substrate having a trench; 4 filling the
trench wth a dielectric; 5 formng a gate dielectric on the
substrate; 6 formng a gate el ectrode on the gate dielectric; 7
formng a pair of gate spacers on the sidewalls of the gate
dielectric and the gate electrode; C 8 form ng a source/drain region
In the substrate wherein the source/drain region is between 9 the
gate dtelsctrl and a.conductive

rbad ST F ahebin o e pbo L RO %P?I}%ﬁeheoﬁaf%c to

surfac
di el ec to forn1a recess .in the_trench wherein the surface o 12
the di jaepess W fhe fraply theitop susfres ot the dietergicds opige thag th Etlwétom edge of the

substrate 1 2. The nethod of claim1l ﬂﬁereln t he substrate conprises
si licoh, g@}dﬁﬁmedweﬁbyagalzofé‘aﬂm%ﬁbu merabert 906A1 3. The nethod of

claiml1l wherein the method of renoving portions of the dielectric is
a dry 2 etch process. 1 4. The nethod of claim1 wherein the depth

of thejregess TR hBBod bLAGH | furBR! YRERisHRAHMiIRD A etch stop layer over the gate

2 electrode, the gate spacers, the source/drain region and the dielectric.

1 7 The method of claim 6 wherein the etch stop layer comprises silicon nitride.
1 8 The method of claim 6 wherein the etch stop layer comprises silicon oxynitride.
1 9 The method of claim 1 wherein the conductive layer is a silicide layer comprising a metal

2 selected from the group consisting essentially of titanium, cobalt, nickel and combinations

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

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

C 2 forming a trench liner before the step of filling the trench with the dielectric.
1 12. The method of claim 11 wherein the trench liner comprises silicon nitride.

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

2 and about 2004.

1 14,  The method of claim 11 further comprising the step of:

2 forming an additional trench liner before the step of forming the trench liner.
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2 and about 1000A. -15 1 5. The nethod of claim 1l wherein after the
step of renoving portions of the dielectric to 2 forma recess in the
trench, the top surface of the dielectric is |lower than the bottom
edge of the 3 conductive |layer by a gap of between abut 50A and
about 900A. 1 6. The method of claim 1l further conprising formng an
etch stop layer over the gate 2 electrode, the gate spacers, the
source/draln region and _the dielectric 7. The thod of claln16
wherei h the et Eﬁ @F@S‘BQ PAglapm g%mbﬂe §q141 Hictighrsfich ingecompriges gnal iticon
met hod of claim6 wherein the etch stop |ayer conprises silicon
oxyn|t3|d9X1§ 9. The nmethod of claim| wherein the conductive | ayer
is asilicide layer conprising a netal 2 selected fromthe group
consisting essentially of titanium cobalt, nickel and conbinations 3

thereof. 1610. Tﬂ@ﬁeﬂﬁ%&l Rodiaff 14 kﬁa‘eﬁln]{h&’ﬁ&ﬁﬁ‘éﬂ’él &R hdinel 186 talthielateR BN Hebsen
silicon oxide. 1 11. The nethod of claiml further conprising the

step o trench liner before the step of filling the
trenchﬁmn%%gnEQAgh@?g%§rlc 1 12. The method of claim 11 wherein the
trench liner conprises silicon nitride. 1 13. The nethod of claim1l
wherein the trench Iiner has a thickness of between about 20A 2 and
about 200A



1 14. The nmethod of claim 11 further conprising the step of: 2
form ng an additional trench liner before the step of formng the
trench liner. -16 1 15. The nethod of claim 14 wherein the
additional trench liner conprises thermal silicon 2 oxide. 1 16. The
met hod of claim 14 wherein the additional trench liner has a
t hi ckness of between 2 about 20A and 500A. C C_ -17 1 17. A nethod
of formng_an isolatjon structure for a transistor, the nethod |
conpri 5i nd7:t heA methedpfopping gn isofafion strture SrRdtangister Hhg magod comprifing the
4 filling the trench with a dielectric; 5 partially renoving the
di el ec?ri &epoff orm a recess in the trench wherein the surface of the
6 dielectric is substantially I ower than the surface of the
substrate; 7 fpromiding ssufsirae ivwhgetrench: on the substrate; 8 forning a
gate el ectrode on the gate dielectric;

4 filling the trench with a dielectric;

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

6 dielectric is substantially lower than the surface of the substrate;

7 forming a gate dielectric on the substrate;
( ’ 8 forming a gate electrode on the gate dielectric;
9 forming gate spacers on the sidewalls of the gate dielectric and the gate electrode;
10 forming a trench spacer along the sidewall of the recess in the trench;
11 forming a source/drain region in the substrate wherein the source/drain region is between

12 the gate dielectric and the trench; and

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

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

2 spacer is formed.

1 19,  The method of claim 17 wherein the trench spacer is formed by a low-pressure chemical

2 vapor deposition method.

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

2 chemical vapor deposition method.

1 21.  The method of claim 17 wherein the trench spacer comprises silicon nitride.
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9 form ng gate spacers on the sidewalls of the gate dielectric and
the gate electrode; 10 formng a trench spacer along the sidewall of
the recess in the trench; 11 formng a source/drain region in the
substrate wherein the source/drain region is between 12 the gate
dielectric and the trench; and 13 form ng a conductive |ayer on the
surface of the source/drain region 1 18. The method of claim 17

wh h h
Spacer 1  For e g oFHgh o2 BB Bl bk R sPineh SErd b on

spacer is fornmed by a | ow pressure chem cal 2 vapor deposition

met hod. 1 20. The nethod of claim 17 wherein the trench spacer is
formed by plasnma enhanced 2 chem cal vapor deposition nethod. 1 21.
The nethod of claim 17 wherein the trench spacer conprises silicon
nitride. -18 1 22. The method of claim 17 wherein the trench spacer
conprises silicon oxide. C-19
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