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 l er and faster, device driving current inprovenent becones nore
inportant. Device current is closely related to gate |length, gate
capaci tance, and carrier nobility. Shortening poly-gaté |ength,

i ncreasi ng gate capacitance and increasing carrier nobility can

i nprove the devi &dcthadradiforpimgfanriselaiien s@actire frgt transdgtoct i on 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 dielectric thickness, increasing the gate dielectric constant,
and the | i kdECHNIC&EEBILx 0 further inprove device current, enhancing
carrier nobility has al so been explored. [0003] Anobng efforts nade
t 0 enhance | er RRhdehfion ] : bl : iS a
cnovn pr act 1 G e S S i B
The  per f or RERERARTo the MRS HHICRIEN rAR%oRS &g hrough a
stressed-surface channel. This techni que aIFoms performance to be

i nproved at a constant gate length, w thout adding conplexity to
circuit fabmAasKdROUND design. [0004] When silicon is placed under
stress, the electron nobility is dramatically increased. Stress can

al'so be applydygh 10 TG GRFOPPLSTRALRR LbndiRl el vAmSIERR BedoRtiiC! N9

smaller and faster, device driving cusrrent improvement becomes more important. Device

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 cirenit 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] Armong efforts made to enhance carrier mobility, forming a stressed silicon
channel is a known practice. Stress can enhance buik electron and hole mobility. ‘i‘he
performance of a CMOS transistor can be enhanced through a stressed-surface channel.
This technique allows pcrfonﬁance 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 step layer (CESL) over the transistor, When such 2 contact eich stop layer Is
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contact etch stop layer (CESL) over the transistor. Wen such a
contact etch stop layer is -1 deposited, due to the lattice spacing
m smat ch between the CESL and the underlying |ayer, a stress

devel ops to nmatch the lattice spacing. [0005] The stress may have
conponents parallel to the transistor channel and parallel to the
transistor wwdth direction. Research has reveal ed that a CESL that
induces a tensile stress field in channel |length direction can

i mprove nMOS performance, and conpressive stress can inprove pMOS
per f or mancedeppsitedrde fo the lattinospacing niibeatblebrteanithd CESE arct the amtdrlying thyere
the detrinmental effects, it is desired that the tensile stress in the
channel | enﬁg&ttﬁ:SS(ﬁewécmSitgmabé theletteasmding.or NnMOS transi stors, and the
conpressive stress in the channel length direction be increased for
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recessi ng the .STIs xgoses hewﬁﬁglcon substrate 2 at the sidewal l

11 of the Stk EPE"“Z'J‘” reased for p fransistors.

[0006] Figure 1 illustrates a conventional nMOS transistor 1. Shallow trench isolations (ST)

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 z dielectric 10, a gate electrode 12 and gate spacers 14. STs 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



silicide penetration 13 is forned on the sidewalls 11 of the ST
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 STls 4 is great), there is

| 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. -3

SUMVARY OF pekiation/ENAEONE OG0 erd Hdepford, @ megthd esnipedédontatrofling e stress
present invention present a nethod of inproving transistor carrier
mobi | ity bepplibdbsiSThyitbowt eswningracilghlependatomg shal | ow trench

i solations. [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
trench. A silicide layer is formed on the surface of the sourceldrain
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 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
contact etch stop layer (CESL) is fornmed over the gate el ectrode,
g%?e 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 perforned
after the formation of the silicide, there is no silicide
penetration. [0009] In accordance with anot her aspect of the present

i nvention, the STl is etched back first, and silicides on the source
and drain regions are then formed. Trench spacers are forned
protecting the substrate naterial before formng silicides so that
there is no silicide forned on the sidewall of the substrate in the
recess. Al s®nnaaQEShr rsmaRitedole 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 conposite structure.
That is, itk on&he pplgrepembndimenys af ks present invantipe presents melindiefimptaaing
dlelectrlc material. The extra liners not only provide a stress to
the channeltrapsistenarrenmebilisy bseasiusting steprroughirepgssio prablowdrencitieolations.
sidewal | s of the substrate in the recess of the STI fromformng a

silicide peodj" atinQReorfidHod kith Bie £s§€c@§§ﬂh99re§éﬁ?n§1 tion! Qﬁ?ﬁh Esqﬁﬁne ina

originally applied by the STI material i1s reduced or I mnate The

CESL f or meqighatt hﬂw&ﬁsﬁ&?ﬁ ﬁ'ﬁ@ﬂ' whtH 8 RieRiR o Aer e (%E/H)Ssﬁ':{ngﬁﬁr }SQQ%Q next to the

channel based on the type of CMOS transistor. carrier
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c

substantially 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 ST
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

penefration.

[6009] In accordance with another aspect of the present invention, the ST 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 nade to the follow ng
descriptions taken in conjunction with the acconpanying drawings, in
which: [0013] Figure 1 illustrates a conventional nMOS transistor;
[0014] Figure 2 illustrates a conventional nMOS transi stor having a
silicide penetration; [0015] Figures 3 through 7 illustrate a first
preferred enbodi nent of the present invention; [0016] Figures 8
through 12 illustrate a second preferred enbodi nrent of the present

i nvent i on; abkngrqi@OdE sidEwaflesrof thels@bdtiatedn e rdiBss dflthesI TIdtoen @rrhing &dilicide
preferred enbodi nent of the present invention. -6 DETAI LED
DESCRI PTI Opeigratidnl. USTRATI VE EMBODI MENTS [ 0018] The nmki ng and using
of the presently preferred enbodi nents are discussed in detail
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illustrative enbodi nents of the present invention. [0020] Figures 3
through 7 illustrate a preferred enbodi nent of the present invention.
Figure 3 illustrates the formation of shallow trench isolations (STl)
4 in a substrate 2. In the preferred enbodinment, substrate 2 is a
silicon substrate. In other enbodi nents, substrate 2 conprises
materials such as germani um carbon, and/or their conbinations. STIs
4 are fornmed in the substrate 2, preferably by etching shall ow
trenches in substrate 2, then filling the trenches through high
density pl agerdgReRmtToN Of THEBRAGINGEP oxi de. The trenches can
also be filled by C_ a dielectric material conprising polysilicon.
The process, |s controlled so that the STl is raised above the
substrate 49013} of P51 gora sermRleloandergangding of tsgromentriyventind, Aey! b pévantages
with an acceptable height, the silicide formed in the subsequent
steps is | dagedy rk%reycqlénﬁ‘awdsmés following desarintiensdtksn dp canfraciiangeitiohe
the STIs 4. To inprove the performance of the transistor to be
fornmed, thécsympanvingdrawings,dn whishl v | ocated such that if a line is
drawn between the STIs 4, the line is along the 110 or 100 direction
of the subgbgiaf e Iﬁgﬁﬂeqeu&&lﬁt&gw&@entmﬁm@s%ansﬁé?& orientation of the
transi st or channel along the 110 or 100 direction. -7 [0021]
Figure 4 |IIustrates the formati on oa gate stack, spacers, and source
and drain [9U84] onstigaeddllustates p epvertionslnMQS gawsisioriharinga sifiride senetation;
of substrate 2. A gate electrode 12 is forned on gate dielectric 10.

The-gat e eljgus] OdeFlé‘Qreé 5tlﬂél@h@r1ﬁﬁﬂﬁteﬁ®rﬁ%éfé§&r&nb%hﬁﬁbﬂmhé Pred¥B¥inRBtion;
formed of netal, or a conpound structure conprising netal

sem conduc t[(?orlG] n‘et l%gurgé( é qrgoug q/ﬂ?ﬁustgtle l::llsgologc? preferred embodiment of the present

invention; and

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

invention.



[0022] A pair of spacers 14 is fornmed along the sidewalls of the gate
dielectric 10 and gate electrode 12. Spacers 14 serve as
sel f-aligning masks for a subsequent source/drain formation process.
The spacer material can be oxide, silicon nitride, oxy-nitride or any
conbi nati ons thereof. The spacers 14 nmay be fornmed by well-known
met hods such as bl anket depositing a dielectric |ayer over substrate
2 and gate electrode 12 using thernmal process, |ow pressure chem cal
vapor deposition (LPCVD) or plasnma enhanced vapor deposition (PECVD),
then ani sqigpoieplBasEieMcg OFerLdb e £91VE BVBRIMIENTY 0 renove the
dielectric material fromhorizontal surfaces but not fromthe gate
el ectrode sidewalls. In a nore preferred enbodi nent, the spacers 14
conpri se a (8448 conThs mekingandyying of Sie pregensiy pefersiombpdinents avydigsussedtin dgtail
structure, the spacers 14 not only have a high-k of silicon nitride
(about 7. 5)belopift shoydd bearpeecipipdehetiaer thelbe pigsengingntiop pofvidss cany wplisagle
silicon nitride in the spacers 14 al so nakes a selective etching
possi bl e whetsntiveeconspisshat cag ke ankodied ibawide vpidge 8f spsrifie eentenitd The spiesific
regions 6 are then fornmed. Source and drain regions 6 can be formed
by i npl ant iemjodimenty dispysead aiomarely illpatotied dfispesifioswdys te meles admse thy invention,
recessing the source and drain regions followed by epitaxially
grow ng si 2hé dmnetilintit He sdopedf @opweationThe formation of source and
drain regions 6 are well known in the art. The details are not
repeated h igh. I L i , L1.J G de
B ror o cononeli verT ko ahdiadPloe ok fuid 4 Rriag FolBl R il e
| the prefgelnd et biRitba 1oXobipfid!fkel Mttt duro Bt B HE Gaubihs ek hng -8
of nmetal, then“a orm a

depositing a thin conposite laye nneal1ng to
silicide 8 iﬂﬁ&%@n{‘ogﬁments 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 Si0O, 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 chammel is

along the 110 or 100 direction.



deposited netal and the underlying exposed silicon regions. The netal
formng the silicide may be a transition netal or netal conpound

such as titanium cobalt, tungsten, tantalum nickel, or the |ike or
sonme ot her appropriate conductive material. The nmetal can be

deposited by chem cal 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

i s perfornd@2dd t hBigureHdllughatee s fmhatioreofdast davk) sphdeys, mal soafct end dain

In the preferred enbodinent, a dry etch is perforned. As discussed,

t he spacer gegignsph ghte dielrctriccl@ripdipssited o itiel sacfice affistibistrate 20/ ghte plectrode 12 is
therefore an etchant, or gases that only attack HDP oxi de but not
silicon ni tfedmid on gatadickeetrissl@dThelgae sdotrhdentp ib pekeratilppalpiicon) dltbhowk®si e
to be great enough so that the top portion on opposite sides of the
devi ce charforaled 26metsl, subssmaprtnnd bhusturecmriding Rektdl em@ohductt®, nekdl oxide and/or
material applying conpressive stress to the channel 16. Therefore,

it is desisggidehat the top surfaces of the recessed STIs 4 be
substantially | ower than channel 16 of the CMOS transistor. The top

f f STI S h t t , ,of t
Substr at e B0 of CRERR BForgles? 14w AEbe g Bt o il S Hiutto s ete
t bout 1000A., It i d that sin t he STI d afte
e for mat ORISR 12 STeRR L rvd sl rRGmA R EY £ At oMePLoR G AB LR
Gas- shown in Figure 6 between the .éop. surfaces of .the recessed STls
2 Gnd the BRICPE) TS SBGeEMAIHeCAB BACTIAS SOTR MBS0y nitide gLapy eomBPrigs o

ortion on_the_.sidewalls of the STls 4 where silicide penetration ma
bocur - LOSSEPE NG abEers i PRy bf formied by B BHmshoss et RNk Sr RO

| ayer (CESL) .22, .This |ayer ﬁer es two pugos_es: first, it provides
stress to OFECHEIPEROYEROSHHE ACRL 2aa P FtRAe fpRTRg thermalprgeess, 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 8iO; 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
S10;. 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 ate 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-



second, it acts as an etch stop |layer to protect underlying regions
from bei ng over etched. Since a tensile stress on channel 16 is
beneficial to nMOS transistors and a conpressive stress is -9
beneficial 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 transistor. It is desired that the
magni t ude of the stress applied by the CESL is higher than about
100MPa, and nore preferably higher than about SOOWPa. In the case
wher e the fispormerilinspapesiteilayenofmand, thenanopaling fo forh neiicide Bdectrebmihnal
STl provides a conpressive stress if there is no recess forned, the
CESL | ayer deposited mpiakandrthendedyinpewosedstiopr mgivny &'hs teed Sorminghier silididermay
the original stress provided by the STI, preferably higher than'

about 500Mb& a tiagsitieronetal oy metd compound surhas titaetuoh cetiatipthgsyear ta2@lune eidiel, or
to have a certain thickness to provide enough stress. Therefore a

t hi ckness dhe lisonsomorthertaprmbtae cortiogivmmatmid]. Fbe mept ehdreadbpositalioihemical
50nm for CESL 22 is desired. In the preferred enbodi ment, CESL 22

i s silicon vapardephsition CY¥Dhephysicdb wationdepositios{(FV)an othepatictativds] TN, upgsd
their conbinations can also be used. [0027] Figures 8 through 12

i | | ustr at e partveobayy ywrredated eelalenthediamentd. Figure 8 illustrates the
formation of a gate dielectric 10 and a gate el ectrode 12 between

T 4 ST SR B AP LR 0B
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SPacer s, o2 PRt S, W) o585 e
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 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 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 efch stop layer (CESL) 22. This layer
serves two purposes: first, it provides siress to the device and enbances carrier mobility; and
second, it acts as an etch stop layer to protect underlying regions from heing over etched. Since a

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



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 fornmed at the sane tinme 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 on of source and drain
regions 6, followed by the deposition of a netal |ayer 34. In the
preferred enbodi nent, the netal |layer 34 is blanket -10 deposited on
regions including electrode 12, spacers 14 and 32, source/drain
regi ons 6 &pepfigl o pMOS frapsithin e & withtessile stess mareftrrddadpeam BMO8 gmnsistor,
al so be deposited on source/drain regions 6 only. [0030] Figure 11
i || ust r at egnd heEPb2Amithsampressivel stressdep@femed forp piibtanisisgr. Itis dedited thdethe
8 is forned between the source/drain regions 6 and netal 34. At the
same ti me, maguiiide of Ge si3%s ppplicd byrthd CHSEtinkigher e abaittd 0@VBg tand therelZefamily
metal layer 34. It is appreciated that the nmetal 34 forned on trench
spacers 32 highet thant abouid@diPe. Ih4hedmeswinot the Grrmed trendistariigepMOPeransditncsince
there is no underlying silicon/polysilicon. Un-reacted netal is then
renoved | edhiomigingl $TIpraiedes8 campre8%ve st if theseddmo repas finned TheaTEBIJayee 22 is
spacers 14 are exposed. [0031] Figure 12 illustrates a CESL 22 forned
on the sil poifaked3bhavgatcempyessierssredshighier thacthe ofiginslatred Providet ibg inaesT1,8
and STlIs 4. Simlar to the previous enbodi ment, CESL 22 provides
either a pefsatilghighardes aboutd00MPariadsibwe iisthe &3 Scohi@cti chiblspaayALl heds to
mobi lity. [0032] It is to be appreciated that in the second preferred
enbodi nent hateheegiih itdélahiessGo pvidbeneumpt spéss eThetdfge HTHiGmdssF 8bdue CRESOAbout
Al't hough the sidewall of the substrate 2 is exposed due to
recessi ng, 100hnf, afidinb@ preferably :BRAGERS, (32CESL b2 BiddarcAcmehkd @tfeQ8 érfbodiment,
prevented. Since the trench

CESL 22 is silicon nitride. In other embodiments, silicon dioxide, SION, and their combinations

can also be used.

[0627] Figures 8 through 12 illusirate a second preferred embodiment. Figure 8 illustrates
the formation of a gate dieleciric 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 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,

[0629] 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-



spacers 32 are formed at the same tine the gate spacers 14 are

formed, no extra mask is required. [0033] Yet another preferred

enbodi nent 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. Afirst 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

thi ckness of between about 20A to about 500A. The |iner oxide 50

hel ps fix tdarosHed ecregiond inpluding elepiedded Bcinacess Ideamd §2, sonnge/duhitt mgiphes and STTs 4.
exposed surfaces of the trench arising fromthe etch step. It also
rounds t he In plapreambedimeants, the metrd layen Hear hlewbe depasitefliop kalreegdrhiasegions 6 only.
concentrated at the corners. -11 [0034] A second trench liner 52 is
formed on i IS i : i i1 a rr.ad. .

t hi ckness g?gggtmegﬁ&ggg??wgg%§%8ggg%%¥§gsgfﬁe?H%ﬁgg%g%@Lgfgﬁgﬁh@f%@?mﬁ
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region of the CMOS transistof that w orned | h Subsequen

steps. Thesif8ss (S NeT=ToreY f &Q&Q ansi st f the
transi stor ?tgvrean ﬁ%/%% ter ans{lg??)??le%aﬂgyégégglﬁg PFenc &haﬂ%? %I 34 %ormed o
preferably i I s ely,..4f. the nei ghborin .
Dr ane ot or it ackB il b fiers 14 HBREBL AR Y sileige s 5 B3 oD tncenying
preferably IR r aln either case,.the stre i S
preferablySﬁ?%ﬂéﬁﬁ@ﬁgﬁﬁ%%%ﬁggé%ﬁ%@%&?nfﬁgn§g%@ﬁﬁgfﬁ%W%%gﬁFﬁ%r%éﬁmPQIa
digtectric | rmed of, Si3N4, Si02, SiON, and
co inatioﬁé&éﬁézgéﬁE%%%$8¥%%§mﬁﬁxwfﬁi' PCVD or ot her known nethods.
[0035] Athird dielectric material 54 is then forned filling the
remai ni ng $@tk ofFigdre 12 flbwsirhies a CERE 22 folnnyd ort the silibiide 85, daelspakisile, thedch
is a HDP CVD oxide. A CMOS transistor 57 conprising gate

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
ilustrates the formation of shallow trench isolations. Trenches are formed, preferably by etching
the substrate 2. A first trench liner, also called trench finer 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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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 forma recess 56. The nmaterial of the
second trench liner 52 is preferably different fromthe material of
the third C 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 omtted and the second
trench |i 893452 carreprmditvsneheéncdi? isdermpd on thetfsstivensidliner p0daT. Iftiagaur e
16 illustrates a CESL 22 forned on the CMOS transistor 57, the first
trench | i reefersgl thickeessefhhween pbavs ROA taabousl0Andhe dseondiiench liice f2hasril c
54. The second trench liner 52 and the CESL 22 provide a conbi ned
tensil e or ichergnt sixess sethettit applies asttesrdo theachenske] rfion hEthCUNEOY wansistos thet will be
57 based on the CMOS transistor type so that the stress applied to

t he channelfomediimsnbsequeisestepadjhe strese bipa depegdsamt the typasifeVOS 12n§iGa3Ethel n
the preferred enbodi nents di scussed above, renoval of the STI

mat eri al attrangigpos at eMEXFdsansiktot, lig sdeonid tendhanensd prefeiabiyias e sensileastress.
conpressive force caused by the STI materials. The applied CESL 22
furt her chdhgessdyefthe neglboapgpiramsitidris 4 MO8 dangigorcthanerehd tregh diner S2n
order to effectively nodify the stress applied by the STI material,
t he respectpraferabighasacdnguessivd strdse In eides sre thi eleads piefsably kipkkr Bdn about
Figures 6, 11 and 15 are preferably lower than the bottom of the

si btci de 8 logMRa.dete sEzonll tpncflmentd iy alditssrzayebprter SO otrBedadTGisNL,FOASION,
and..nore preferably about 500A. This gap G ensures that the top
surfaces ofanil bembigaRas dokailibe fatied bg CATE PCYWaT ottfeakndwianethods.

[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
C 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 direcily 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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channel region so that the benefit of the preferred enbodi nents of
the present invention is maxi mzed. [0039] The test data has shown
that the stress has been significantly nodified by using preferred
enbodi ments of the present invention. An exenplary data reveal s that
for a conventional nMOS transistor, a 520MPa conpressive stress is
simul ated in the channel region. Wen the first preferred enbodi nent
of the present invention is enployed, the detrinental conpressive
stress is reduced to aboyt 216MPa. [0040] The preferred enbodi nents
of the pred®¥8li nvBvihe Bistarsg embedimpnts disgussed rbenshierioval ofifhg ST matprial at
I nprove CMOS transistor performance. The silicide penetration problem
i s al so soloppepitpgnds pf theglevige Fiansel sbmingtes thecomprestivilrre cpeed by the STI materials,
Al t hough the present invention and its advantages have been descri bed
in detail, Thearnisd (ESLEE fuers changerdhe Hieess apali¢doig sherdesivg ekannel region. In order to
substitutions and alterations can be nade herein w thout departing
fromthe spifestivelymepdsly direstigss aphbied tnen$ Tloraterinl, dief tesnsctivgyton $vefaepafdieded
clainms. Moreover, the scope of the present application is not
i nt ended t gedgesed figlecioigs ¢ me $reindigur¢scu L hand Brapopteferabtydowér thinahpbodoess the
machi ne, manufacture, and conposition of matter, neans, nethods and
st eps descrsilisild Siby atgap Gsfecsfereblabetvnen dhouitifd tofabaut @Mk rand siord preferablylabout
art will readily appreciate -13 fromthe disclosure of the present
i nvent i on, 500AhcBésee,G amotes fhas the hpnwffaces of the recemspbditlestdn sreddwer b tler |
means, nethods, or steps, presently existing or later to be
deyel oped, chimat! rpgei gy thet theibsefnddited pryfetrbenstandbndntand thegnesent iachiiavie
substantially the same result as the correspondi ng

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 siress 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 ¢laims.
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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enbodi nents descri bed herein maybe utilized according to the present
i nvention. Accordingly, the appended clains are intended to include
within their scope such processes, nmachi nes, manufacture,
conpositions of matter, means, nethods, or steps. C -14 Wat is
claimed is: 1. A nethod for formng an integrated circuit structure,
the nethod conprising: providing a substrate; formng 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; formng a trench in
the substr &8 8§ gls%laﬁuéec%fﬁ & PSS HiBvHBen PEFEEses, MARdRe; Wam%@turwpmpwmm of
the source/drain region is exposed through a sidewall of the trench;
filling a JPEEFeBEMScmptiods,er sispsrprpsently oxishag giietesiabsdarrionst that penfesn
with or higher than a top surface of the substrate; formng a
conduct i ve Stbsipatially; thewmefuggtion grachisye subsiantially theagne tesuliacthe poresprading
trench is free fromthe conductive |ayer, and wherein the conductive
| ayer is f&WMhedimgnts desgripaddiersin maypbpiutilisedassordipg 4 the peesent invertioni Hecoutingly,
the dielectric to forma recess after the step of formng the
conduct i ve theappgndedclaimsaraintendrd to fnchidg mithin their schips sucloproréssismgadhinesii ng
a trench Iiner before the step

manufacture, compositions of matter, means, methods, or steps.
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of filling the dielectric, wherein the trench liner is not recessed.
3. The method of claim1l, wherein a top surface of the dielectric is
recessed fromthe surface of the substrate by about 50A to about
1000t h. 4. A nethod of formng an isolation structure for a

transi stor, the method conprising: providing a substrate having a
trench; filling the trench with a dielectric; formng a gate
dielectric on the substrate; formng a gate el ectrode on the gate
di el ect ri Whaf srebaimgd &: pair of gate spacers on sidewal | s of the gate
dielectric and the gate electrode; formng a source/drain region in
the substrate, wherein the source/drain region is between the gate

di el ectri¢. andAtdi@hdd @R dinirieh intkBrafe@rciiciig sttuca @B AHE Medhd kavphisign t he
source/drain region wherein the trench is free fromthe conductive
| ayer removi ngPAVEEE BRsEHSt he diel ectric to below a top surface of

the substrate afer JBSHER:Afa (0L Ot BRGAAME NS A avir s THE

nmet hod of claim4, erein the step o enovi ng the portion o
di el ect ri sourgdhpinireg@en drth atkeadh 2 pértiofihe thestbsictapf ¢l ai m 4, wherein

GEERI L VECNTER TR T

portion of the source/drain region is exposed through a sidewall of the trench;

filling a dielectric in the trench to a height substantially level with or higher than a
top surface of the substrate;

forming a conductive layer directly on the source/drain region, wherein the trench
is free from the conductive layer, and wherein the conductive layer is formed of a silicide;
and

recessing at least a portion of the dielectric to form a recess after the step of

forming the conductive layer.

2. The method of claim 1 further comprising forming a trench liner before the step

of filling the dielectric, wherein the trench liner is not recessed.

3. The method of claim 1, wherein a top surface of the dielectric is recessed from the

surface of the substrate by about 50A to about 1000A.

4, A method of forming an isolation structure for a transistor, the method comprising:

providing a substrate having a trench;

filling the trench with a dielectric;

forming a gate dielectric on the substrate;

forming a gate electrode on the gate dielectric;

forming a pair of gate spacers on 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; and
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conductive |layer by a gap of between about 50A and about 900A. 7. The
met hod of claim4 further conprising form ng an etch stop | ayer over
the gate electrode, the pair of gate spacers, the source/drain
region and the dielectric, wherein the etch stop |ayer extends into
a recess forned by the step of renoving the portion of the
dielectric. 8. The nethod of claim4, wherein the step of formng the
conductive layer conprises siliciding a top portion of the
source/drain r@gfming a @nduduee fythadthe fowtddmindeginh erheram ﬁlhaedctleilsémew [ c
conprises,siljcon 10. The net hod rther co

or i ng. A PAhE AR et time Reteiriong e Erefisiicde bifouts top SR of o
trench w i stibirattl dflef b kic of okmink e amdﬁ@@vm &l aim 10 wherei n the
trench liner conprises silicon nitride. %he met hod of cl aim 10,

wherein the trench liner has a thickness of bet ween about 20A and

about 200 13ThT1}ﬂ?thHEBP8% i“cﬂe mhjcgte%%rf%é}?(gw {E%b g ey dpari@n

addi tional trenc i ner ore the st ng t e trenc i ner
wher ei n t tenpsendty dicghner and the additional -16 trench liner
conprise different materials. 14. The nethod of claim 13, wherein the
additional trench liner conprises thermal silicon oxide. 15. The

met hod of 6cl ai Theldethvdh6f @hith 4, Reheddtl bftdroRadted 6BBEBvInE Qs potdsn & the
t hi ckness _of
dielectric, the top surface of the dielectric is lower than a bottom surface of the

conductive layer by a gap of between about 50A and about 900A.

7. The method of claim 4 further comprising forming an etch stop layer over the gate
electrode, the pair of gate spacers, the source/drain region and the dielectric, wherein the
etch stop layer extends into a recess formed by the step of removing the portion of the

dielectric.

8. The method of claim 4, wherein the step of forming the conductive layer

comprises siliciding a top portion of the source/drain region.
9. The method of claim 4, wherein the dielectric comprises silicon oxide.

10.  The method of claim 4 further comprising forming a trench liner in the trench

before the step of filling the trench with the dielectric.
11.  The method of claim 10, wherein the trench liner comprises silicon nitride.

12. The method of claim 10, wherein the trench liner has a thickness of between
about 20A and about 200A.

13.  The method of claim 10 further comprising forming an additional trench liner

before the step of forming the trench liner, wherein the trench liner and the additional
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bet ween about 20A and 500A. 16. The nmethod of claim4 further
conprising formng a trench spacer on an exposed sidewall of the
source/drain region, wherein the exposed sidewall is in the trench,
and wherein the trench spacer is formed sinultaneously with an
entirety of the gate spacer. 17. The nethod of claim 16, wherein the
trench spacer is fornmed using a nethod selected fromthe group
consisting essentially of |ow pressure chem cal vapor deposition and
pl asma enhambdthectremirsaliffeapo matkepisi ti on. - 17

14.  The method of claim 13, wherein the additional trench liner comprises thermal

silicon oxide.

15. The method of claim 13, wherein the additional trench liner has a thickness of

between about 20A and 500A.

16.  The method of claim 4 further comprising forming a trench spacer on an exposed
sidewall of the source/drain region, wherein the exposed sidewall is in the trench, and

wherein the trench spacer is formed simultaneously with an entirety of the gate spacer.
17.  The method of claim 16, wherein the trench spacer is formed using a method

selected from the group consisting essentially of low-pressure chemical vapor deposition

and plasma enhanced chemical vapor deposition.
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