2 5 JUL 2005 WMethod. For Fabricating A Self Aligned S/D CMOS Devigg ﬁﬂ_
| nsul at ed Layer By Forming A Trench Along The STI And Fill Wth 2dki 2005
Background of Invention 1) Field of the Invention This invention relates
generally to Pag%iéation of . M3S sem conductor devices and nore
particularly t6-tR2 FIafAbEacrshngfa Sald Alibhgded/ Rl @R @dvSED bor a MOS
Tr ansi st or, %2 Description of the Prior Art As devices are scal ed down,
source/ dFAFH I SDI2YES, Fatfomingeds Trense Akprovike SAIoAD@rFild auahd
junction | eakage due to the shallow junction and the salicide formation.
The inportance of overconing the vari 8#sdedefici enci es noted above is
evidenced by the extensive technol ogical devel opnent directed to the
subj ect, as docunented by the relevant patent and technical literature.
The cl osest and apparently nore rel evant technical devel opnents in the
patent literature can be gl eaned by considering US 5,422, 289(Pi erce) shows
el evated S/D forned by CVP a FAfsPHowpey of 1Ipventgign 2005 US
6, 015, 727(Wanl ass) shows a danascene process for

" 1) Field of the Inventiocn

This invention relates generally to fabrication of

MOS semiconductor devices and more particularly to the

fabrication of a self aligned elevated S/D for a MOS Transistor.

2} Description of the Prior Art

As devices are scaled down, scurce / drain {S/D)
formation needs to be improved in order to avoid junction

leakage due to the shallow junction and the salicide formation.

The importance of overcoming the various
deficiencies noted above is evidenced by the extensive
technological development directed to the subject, as documented
by the relevant patent and technical literaﬁﬁre. The closest
and apparently more relevant technical developments in the
patent literature can be gleaned by considering Us

5,422,289 (Pierce) shows elevated S/D formed by CMP a poly layer,




Poly S/D contacts and Gate. US 5, 804, 846(Fuller) teaches a nethod for a
self aligned elevated S/D by Wlayer and CMP. However, better i90j ajJiongog -
for elevated source / drain (S/D) regions is still required. Summary of
the Invention It is an gbject_of the present invention to provide a method
for fabricating a MBSt ?ah%?'sp&”‘{ﬁintlﬁsép evaved S/ Braseghensrodeats Has
reduced. junction | eakage.' It is an object of the present invention to
provi de Pé’l#etgﬁBdC‘P%’Eacfgta?brain@aﬁ?ﬁ@-a MOS transistor with el evated S/ D
regions that are fornmed over an S/D insulating layer. It is an object of

the present inventiomste,pbovide ma 1.l hed, LoL. fabricati a,MXB transistor
wth elevated S/D regions that are sal)i ci %e‘g.s Ia?l?[{est%gh ggjre%tseo %the

present idvemkiionel&vQYid® 1 Wl hod. fay fgpricating a M transistor
with elevated S/ID regions that has 1nproved hot carrier integrity. 2

25JUL2005 To acconpl ish the above objectives, the present invention
provi des a method forflC¥e¥eFf Betigited solaksprofomialevadedvatedes/ D regi ons

on an ins&ll ated oxide by formng a trench
rain (S/D) regions is still required.

‘ Summary of the Invention

It is an object of the present invention to provide
+a method for fabricating a MOS transistor with elevated S/D

regions that has reduced junction leakage.’

It is an object of the present invention to provide
a method for fabricating a MOS transistor with elevated S/D

regions that are formed over an S/D insulating layer.

It is an object of the present invention to provide
a method for fabricating a MOS transistor with elevated 5/D

regions that are salicided.

It is an object of the present invention to provide
a method for fabricating a MOS transistor with elevated S/D

regions that has improved hot carrier integrity.




along side the: STl and filling the trench with oxide. There are two
preferred enbodi ment of the invention. The nethod can be descri b@dj ajiJi. 2005
follows. STI regions are formed in a substrate. Next, we forma gate
structure. The gate _structure is preferably conprised of: a gate
dielectric layer, a JafECOBRH- 3P Hed2hagr. OviEeqtienst ok ne LD Fedi ons

adj acent to the gate structure in the substrate. W formfirst spacers on
the si devﬂ_‘ﬁenéflogh%r@‘é’t%esstar fethrd. Ty etaeh fsabicteenvhes ibetrweenht he ST
regions and the first spacers. The S/D trenches are filled with a S/D

i nsul at i g YAyER. STReF$9 1S gRd 28eébiel et exidd ewbbdiment ashowsch
different. method for performng the remaining steps. Next, we form

el evat ed BB §JF8nE BV e %Fﬂ)llllh‘éu@ﬁ itygrichyer tanekitdse  CDBreegions. W
also, forma top i sol ation |ayer over the STI regions. The invention has
many advamcages "6verdt HEPGSHiNsE aft she THeranwienti on ef fectivel y i sol at ed
the raised source / drain (S/D) regions fromthe other elenents and

reduces junction |eakageetAbe ¢Av eyl id@BcPaRLh C4d alhy ol 4Dr Q¥ ES JHNGLI on
| eakage in 3 2 5 JUL 2005 Transistors with salicide processes as the

sal i ci'de and firkiedonn i atarfacates Rkacedi@WRYrl LORLLhesglevated §D
junction. '
gate structure is preferably comprised of: a dgate dielectric
layer, a gate, and a hard mask. We then form LDD regions
adjacent to the gate structure in the substrate. We form first
spacers on the sidewall of the gate structure. We etch S/D

trenches between the STI regions and the first spacers. The S/D

trenches are filled with a S/D insulating layer.

The first and second preferred embodiment shows

different methed for performing the remaining steps. Next, we
form elevated S/D regicns over the S§/D insulating layer and the

LDD regions. We also, form a top isolation layer cver the STI

regions.
The invention has many advantages over the prior
arts. The invention effectively isolated the raised source /

drain (S/D) regions from the other elements and reduces junction

leakage. The invention particulérly improves junction leakage in




The invention reduces the hot carrier degradation to the gate oxide as the
peak electric field is reduced. Additional objects and advantaged of JUlhe00s
invention wll be set forth in the description that follows, and in part

w [l be obyvious .fromthe description, or may be | earned by practice of the
i nvent i onﬁ[ ELia!Lso 5 c %an%ae];ﬁféf‘ﬁ 848s=ofet e Ghevéatishiamnde ildabhzed and
- obt ai ned P - JBANS of 'ns%éunent lities and conbinations particularly

poi nted out inh QﬁﬁéSaBE% e TOBr FBE DeErtest PR DRREWeoDr awi ngs The
features and advantages of a sem conductor device according to the present

i nvention and furtherTidetiaivieat0bn BedRCL$HO0hoF abL 4 Call @gg§gggt§? o
sem conduct or device in accordance with the present invention w 1 %e nor e

clearly tnedeystoaciliconst tigs fraddowiBardescridftd Qa takep.4n conjunction
wi th the accompanying drawi ngs in which |ike reference nunerals designate
simlar or correspondj el ements, regions and portions and in which:
Figures 1 through 3Aqg£ §§§n§Ee034%§§§§%¥kFBﬁaPta@$%WEfﬁ%@ irvestiering the
begi nni ng, s far. the invention' s nethod of formng a elevated S/ D over
a S/ D insﬁ?%?ﬂﬁﬁsrﬁygg;th41% %P%Hﬁ?sfﬁégtlon that follows, and in part

will be obvious from the description, or may be learned by

‘practice of the invention. The objects and advantages of the

inventicn may be realized and obtained by means of

instrumentalities and combinations particularly pointed out in

the append claims.
Brief Description of the Drawings

The features and advantages of a semiconductor
device according to the present invention and further details of
a process of fabricating such a semiconductor device in
accordance with the present invention will be more clearly
understood from the following description taken in conjunction
with the accompanying drawings in which like reference numerals
designate similar or corresponding elements, regions and

portions and in which:

Figures 1 through 3A and 3B are cross sectional
views for illustrating the beginning steps for the invention's

methpd of forming a elevated S/D over a S/D insulating layer.
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. FIGS 4 to 6 show cross sectional views for illustrating the final steps for
the first preferred enbodiment of invention's nethod of forning2a5SiIR 2005
insulating |ayer under elevated S/D regions. FIGS 7 to 9 show cross
sectional views for F%J# udstrag ng the final steps for the second preferred
enbodi ment of inventi s' et FodU8F FEPPF mpdisrpli Hee¥atiary | ayer under

el evat edrﬁ/D Ee%ifons. 5 %5 iUL 2005 Detail ed Description of the Preferred
Enbodi nedt§ AT F Y BiFefdnpéds ebodiafettie. fFFES Hrafeagd Theodimastt
preferred enbodi nent, of the invention is shown in FIGS 1 to 5. The steps
shown inCFl BV HHPBR 4FGPS8 Oy e E SéDbrhutHeid feveandndecond
enbodi menhs. Thg yt hod . can be described as follows. As shown in FIG 1,

STI regi n§VaAFed of g9 ™8 - substrate 10. Next, we forma gate structure.
The gate structure is preferably conprised of: a gate dielectric |layer 18,
a gate 22, and a hardcseske26G sHae hapds mask:ichpref efably,. conprised of
boron nitride, Silicon oxynitride, or SiN and is nore preferably conprised

of silicdnllnstkaténg the final steps for the second preferred

embodiment of invention's method of forming a S/D insulating

layer under elevated S/D regions.




The gate.,is-preferably conprised of polysilicon, polysilicon wwth a Wi

|l ayer on top, polysilicon with Ti or TiN and is nost preferably2conidjli 9885
of polysilicon with a Wsix |ayer on top. We then form LDD regi ons 32

adj acent to the'ga e, sciructur_e in the substrate 10. Still referring to FIG
1, we formfirst §t)%\3cje€? DsGCroRtipR @f déwaPreserréed Rpitaligenast ure. The -
first spacers 30 preferably having a wi dth of between about 500-and 5000
A 6 25 JUL 2005 The first spacer are preferably made of silicon nitride

or silicon oxidde. -Pesspaferred ehifodimeRt ks Prd 4B enches 38 between the
STl regions and the first spacers 30 that are self aligned to the spacer

and STl edge. No maskyi.s ¢ eguli trench 8 preferably having a
depth beneath the substrafe s%r éac%@%etgé‘mlep%%l é’%ﬁtgﬁog‘%‘?ﬁw 3D

trenches &&pr eherabbyr haw ng g wdt fyeen, 0 nd 0.5 m shown in
FIG 3A the S/D trenches 38 are fill edIgls \?ﬁ%to\ﬁ@’alpsfgé? ﬁ15$°at3%n§n92§8r" 42.

The S/D, dMsWcakbA0th aySth 44 ¢ r r b rised silicon oxide
(formed by oxidati t(—in), or 1 iequ?gsgh%fgg %goﬁgxgnﬁﬁ%gnﬁe%gfeﬂ?hgwati ng

| ayer 42 is peehiesably-goprdsed,,ef oxide formed by oxidation

As shown in FIG 1, STI regions are formed in a

Substrate 10.-

Next, we form a gate structure. The gate structure
is preferably comprised of: a gate dielectric layer 18, a gate
22, and a hard mask 26. The hard mask is breferably comprised
of boron nitride, Silicon oxynitride, or SiN and is more

preferably comprised of silicon nitride.

The gate is preferably comprised of polysilicon,
polysilicon with a WSi, layer on top, polysilicon with Ti or TiN

and is most preferably comprised of polysilicon with a WSi, layer

on top.

We then form LDD regions 32 adjacent to the gate

structure in the substrate 10.

Still referring to FIG 1, we form first spacers 30
on the sidewall of the gate structure. The first spacers 30
preferably having a width of between about 500 angd 5600 A. \ :
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with atom c oxygen generated by m crowave power. Next, we etch back the
first spacers 30 to form thinner second spacers 46 and expose s@ne Jf tAH65
surface of the LDD regions 48. As shown in FIG 3B, we form second spacers
30 on the sidewall of the gate structure. The second spacers 30 have a
nar r ower IR dtiF stth&Rache 4479 srefpaebly. nahe cecdidcspacetsidtb othave a width
preferably of between about 200 and.2000 A. 7 2 5 JUL 2005 Next, we forma
conduct i ¥kl 1&re¥ifét shown) over the STl regions, S/D regions, the gate
structure and the substrate. The conductive |ayer is preferably conprised

of  polysilicon or Sis Gabus ;Verpdanaid 28 chheapndictive Laver Lo a Ievel
|

of the hard mask. The planarizing of the conductive dayer i S Breterabl y

per f or meghdisifg Lheshcaks P i ( . .Next, etch. back the
conductive |aver to a |evel greyllg\%vltt Egg!t:%%s sstcjar\/ﬁz)élgéc SFetﬁgfﬂaar]dlwgk. As

shown [ nehl € spacRaher drf NEAGONANE! by | Ay SlequU3LN0 he JRsk SO to Torm

el evated S/ D regions 54 over the S/ID 1nsulating Tayer ©a the substrate
adlacenttEQn&nﬁs%ﬁp%nge§B§ﬁFr%mving a depth beneath the substrate
surface between 200 and 2000 A. The S/D trenches 38 preferably

having a width between 0.05 and 0.5 um.

As shown in FIG 3A the S/D trenches 38 are filled
with a "S/D insulating layer" 42. The S/D insulating layer 42
can preferably be comprised of silicon oxide (formed by
oxidation), or liquid phase epitaxy (LPE). The S/D insulating
layer 42 is preferably comprised of oxide formed by oxidation

with atomic oxygen generated by microwave power.

Next, we etch back the first spacers 30 to form

thinner second spacers 46 and expose some of the surface of the

LDD regions 48.

As shown in FIG 3B, we form second spacers 30 on
the sidewall of the gate structure. The second spacers 30 have
a narrower width than the first spacers. The second spacers 46

have a width preferably of between about 200 and 2000 A.




The conductive layer is patterned to formelevated S/ D regions 54 by an
i sol ation mask 50 having opening over the STl regions 14 and et ¢ghf npyjit ipggg
conductive layer using an isolation nask 50 as an etch mask. The mask 50 Ts
then renoved. As shown in FIG 5A we forma dielectric |ayer 58 over the
substrate 10. The di Be®Et rve fayer preflecabty lactes gaotanhdurtlerdwevel
dietectric (IDL layer). 8 2 5 JUL 2005 As shown in FIG 5B, optionally,
si lici‘de thegPdhsré2i@en I5¢ Of orgednoy erhd hetel evateth:S RHeghens and t he
gate. The silicide regions can be TiSi2 , CoSi2 or NNSi. B. Second
Enbodi merfubsheasec obitk prefdaictétte ehdpelt nentpriefeshbim ¢dhnddiG8dlort 0 3B and
FIG6 to 9. The process is the sane as first enbodinent as showmmn in FIG1
t o 3B andcaysdéseei bed Hhbwex- After the second spacers 46 are formed (See
FI G 3B), the second enbodi nrent begins. As shown in FIG 6, we forma top
i'solation |ayer 70 %\é%l&{u‘;@rﬂ@s&reatc%né ccdPe top dsol ati 9?}3‘%@%’?}% Qis
S

preferably conposed of silicon oxide and prefera Ief 8s%a “of

bet ween aghgut 1000 and ﬁ%g%%rézing of the conductive

p;eferably performed using chemical-mechanical polish (CMP).

layer 1is

Next, we etch.back the conductive layer to a level

below the top surface of the hard mask.

As shown in FIG 4, we pattern the conductive layer
using the mask 50 to form elevated S$/D regions 54 over the S/D

insulating layer 42 and the substrate adjacent to the second

spacers.

The conductive layer is patterned to form elevated
5/D regions 54 by an isolation mask 50 having cpening over the
STI regions 14 and etching the conductive layer using an

isolation mask 50 as an etch mask. The mask 50 is then removed.

’
As shown in FIG 5A, we form a dielectric layer 58

over the substrate 10. The dielectric layer preferably acts as

an interlevel dielectric (IDL layer).




As shown in FIG 6, we planarize the top isolation layer 70 to the | evel of
the hard mask. The planarization process is preferably a ? JUL guuﬁ
chem cal - mechani cal polish (CW). Next, a photoresist layer 74 is forne

wi th opening over the source and drains. As shown in FIG 7, next we

pattern/etch the topAsi sbhbat iion Hiayer, 76pt hy:0lugly,t Be1 opemd r&ga'iglld‘lllst he resist
74 to 9 2 5 JUL 2005 formelevated S/D openings 78 over the S/D

i nsul at i ngnl dyefod@edntdrhehkDPLEegiOnS B2 refhenphatoresi sthcbayers is
removed. FIG 8 shows the step of form ng a conductive |layer 82 over the
substrat esilQciAs sboivnd rcalnl G=9Tive, fi khstheselevated S/ D openings 78 with
elevated S/D regions 86. The filling of the elevated S/ D openings 78 with
el evated S/ D regions 86 preferably conprises the steps of : (FIG 8) (a)

- forma conductg ve kg (F,;dgﬁ., cﬁﬁ@%he substrate 10, and

(b) cheni cal - nechani ca t he conductive | ayer 82 and etching
back the el evated S/D regions 86 to a |level bel owthe top surface of the
top isolation | ayer 76. S gﬁ??%rf%ﬁe] rred SHPVRITRFEE ghovhelr| idtSed S/ D
T egions 8t6 can . 8 gighg LA aqu to recess the top surface of the

The process is the same as first embodiment as shown

in FIG 1 to 3B and as described above. After.tﬁé second

spacers 46 are formed (See FIG 3B}, the second embodiment

begins.

As shown in PIG 6, we form a'top igsolation layer 70
over the substrate 10. The top isolation layer 70 is preferably
composed of silicon oxide and preferably has a thickness of

between about 1000 and 8000 A.

As shown in FIG 6, we planarize the top isolation
layer 70 to the level of the hard mask. The planarization

process 1s preferably a chemical-mechanical polish (CMP).

Next, a photoresist layer 74 is formed with opening

over the source and drains.

As shown in FIG 7} next we pattern/etch the top

isolation layer 70 through the openings in the resist 74 to




el evated S/ D regions below the top isolation |layer 70 surface. Optionally,
silicide regions 90 can be fornmed over the elevated S/ D regions2apdjijlheqs
gate (for exanple, see FIG5b). As a preface to the detailed description,
it shoul d be nﬁted H@at as used in this specification and the appended
claims, tRETSFAGHFETY FthOPeRINgS o1f ougyy TthReS/P ntude tilnar akyer ed2r ent s,
unl ess the context clearly dictates otherwi se. Thus, for exanple, the term
"a seni cGRAGUELEr LOP G UPES d2vaFhetBhaiioresds bayesks 2005 erdivbfier ent
material s which are known to have the behavioral characteristics of a

- sem conductor. Silicgng assused dhR ghg§ @pp%ggﬁyﬂqog,cggg& des, ﬂgyé%silicon
(pol ycrystalline silicon), anorphous silicon (non- crystalline si'licon),
nonocr:ystedl loivee shéiops@ade $plicon/ germanium materials. Such silicon may
be n- or p-doped, or undoped. In the above description nunerous specific
details are set forth such as flow rates, pressure settings, thicknesses,
etc., in order to provid O%phH}éthgroH@hfiﬁ%déﬁéﬁéﬁHﬁﬁgdo$/Qrﬂpqmiﬂgént
inventiomglé.ay IH be qgvbpus, .however, to one_skilled in the art that the
present inveédtiToR ¥ be/br AEEiEeRY §f 1 hdie £hesenachitine slavather

i nst ance . .
: :%/D openings 78 with elevated S/D regions 86 preferably

comprises the steps of : (FIG 8) (a) form a conductive layer 82

over the substrate 10, and (b)chemical-mechanical polish {CMP)
the conductive layer 82 and etching back the elevated S/D

regions 86 to a level below the top surface of the top isclation

layer 70.

Optionally, as shown in FIG 9, the elevated S/D
regions 86 can be etched back to recess the top surface of the

elevated S/D regions below the top isolation layer 70 surface.

Optionally, silicide regions 90 can be formed over

the elevated S/D regions and the gate (for example, see FIG 5b).

As a preface to the detailed description, it should
be noted that, as used in this specification and the appended
claims, the singular forms "a", "an", and "the" include plural

referents, unless the context clearly dictates otherwise. Thus,

for example, the term "a semiconductor" includes a variety of
10




wel | known process have not been described in detail in order to not
unnecessarily obscure the present invention. Al so, the flow rat@s§i\Jit 9§05
specification can be scal ed up or down keeping the sane nolar % or ratios
to acco date difference sized reactors as is known to those skilled in
the art. WHEESPhe™t rRrertliSoWRhER B Npary iteuhars ytishdwmaandradescri bed
with reference to the preferred enbodi nents thereof, it wll be understood-
by those DEPFERT At Fe ofr & ERBECORIVHAE - changes in form and details may
be made wi thout departing from 11 2 5 JUL 2005 the spirit and scope of

the invention. It issintesspchd QeeVen YALL OMSmodidibgat iﬁ@fuc?égd simlar
arrangenents and procedures, and the scope of the appended cl al ns

t her ef or ocahaulldcbe (BeDRIded athenbr 9adesin)i, NLepPERL &L i0N 1$8,aSLLQ-
enconpass all such nodifications and simlar arrangenents and procedures.

12 2 5 JW4r 2005 1iMBatiiscal)gi medobsysdal Adeihed gf fabrication of an
elevated S/ID for a MOS device; conprising the steps of: a) form ng STI

regi ons iildcsustinteiubd)ndterThng. as@at &siStikdet HE¢ GO ised_af .8, gate

or undoped.

In the above descr?ption numerous specific details
are set forth such as f£low fates, pressure settings,
thicknesses, etc., in order to provide a more thorough
understanding of the present invention. It will be obvious,
however, to one skilled in the art that thé present invention
may be practiced without these details. In other instances,
well Xnown process have not been described in detail in order to
not unnecessarily obscure the present invention. Also, the flow
rates in the specification can be scaled up or down keeping the

same molar % or ratios to accommodate difference sized reactors

as is known to those skilled in the art.

While the invention has been particularly shown and
described with reference to the preferred embodiments thereof,
it will be understood by those skilled in the art that various
changes in form and details may be made without departing from

11




dielectric-layer (18), a gate, and a hard nmask; c) forming LDD regions

adj acent to said gate structure in said substrate; d) formng fpristjUL 2005
spacers on the sidewall of said gate structure; e) etching S/D trenches
between said STl regions and said first spacers; f) filling said S/D :
trenches Wit RIS AsEFERE iyt Uhgydrnveyyidmr nilig is cohdudtd vies lcayer over
said STl regjons, said gate structure and said substrate; h) planarizing
sai d condURi+¥ Mardiifathorevald sfinidar dahayaresks Bhdpatdesdimg,sai d
conductive |l ayer to formelevated SID regions over said SID insulating

| ayer and®8Qi %he SIS afetagj 2RRaedo cdaits fthreste fopacehsylande j) forming a
dielectric Ia¥$r over the supstrate. 13 2 5 JUL 2005 2. The nethod of
“clai m1 wWAFCH 90 t1hér PrRefadesittimaratitioy saiab dicekectrpess ayler suaht he

| evel of sa(ijd hard mask; and forming silicide on said elevated S/D
regions. 3°9ThE HetWGd 28F EHAi A1 AMFeRarReREs (g pypcspatess have

12




a wdth of between about 500 and 5000 A. 4. The nethod of claim1l wherein
said S/D trenches have a depth beneath the substrate surface bevieelUl2@005
and 2000 A. 5. The nethod of claim1l wherein said S/D trenches have a

w dt h between 0.05 and 0.5 m 6. The nethod of claim1 wherein said S/D
insulating layer is conprised of liquid phase epitaxy oxide or oxide by

| ow t enperature oxidation by atom c oxygen. 7. The nethod of claim1l
“wherein said conductive layer is conprised of polysilicon or SiCGe. 8. The
met hod oFhetaisn dlavrerkiis:t he pl anarizing of said conductive layer is
performed using chem cal -nechanical polish (CW). 9. The nethod of claim1
wherein said conductive layer is patterned to formelevated S/ D regions by
form ng an ischatheh amsicHrawvangoanodpeni afjeovesd tdhe Sdr reegicens and

et chi ng aaid cpnductiye.la%$%Lu§in% a¥_isolation mask as an etch mask. 14
SYICL COMPLISPG 2685 ©10. The method of claim 1 wherein

aftey step (f3)andrivei@rersterighst ha fioklpwtngrst eps are perforned :
etChlng b) forming a gate structure comprised of: a gate
dielectric layer (18), a gate, and a hard mask;
¢} forming LDD regions adjacent to said gate structure
in said substrate;
d) forming first spacers on the sidewall of said gate
structure;
e} etching S/D trenches between said STI regions and
said first spacers;
f) filling said S/D trenches with a S/D insulating
| layer;
g) forming a conductive layer over said STI regions,
said gate structure and said substrate;
h} planarizing said conductive layer to a level of
said hard mask;
i) patterning saild conductive layer to form elevated
S/D regions over said S/D insulating layer and éaid
substrate adjacent to said first spacers; and

j) forming a dielectric layer over the substrate.

13




said first spacers to formsecond spacers on the sidewall of said gate
structure. 11. The nmethod of claim1 wherein after step (f) and 2bfefJie 2005
step (g) the followi ng steps are performed renoving said first spacers;
and formng second spacers on the sidewall of said gate structure; and
sai d second spacers have a narrower width than said first spacers and
sai d second spacers have a w dth of between about 200 to 2000 A 12. A
met hod of fabrication of an elevated S/D for a MOS device; conprising the
steps of 2.a) froemnaghS&Tlof egions i A Subrsit-take; ihr1fH@eyi ng a gate
structure.conprised of; a gate dielectric |ayer, a gate, and_a hard nask;
c) forni RGEBDFERFoRS I A ATkt 'S sidiv@fgdte toer hevat eof | va shikklibst r at e:

d) fornm p@ski;r shaspaesisq o 1 hei & dewald; ot 188Ld.gakep §%\§,%§1§{re? 15 ----
-------- 2 5 JUL 2005 (1) said first spacers having a wdth of between
about 50§.andTg@0@ep@od of claim 1 wherein said first spacers have

a width of between about 500 and 5000 A.

4, The method of claim 1 wherein said S/D trenches have a
depth beneath the substrate surface between 200 and 2000 A.
5. The method of claim 1 wherein said S/D trenches have a
width between 0.05 and 0.5 pm.

6. The method of claim 1 wherein said S/D insulating
layer is comprised of liquid phase epitaxy oxide or oxide

by low temperature oxidation by atomic oxygen.

7. The method of claim 1 wherein said conductive layer is
comprised of polysilicon or SiGe.

8. The method of claim 1 wherein the planarizing of said
conductive layer is performed using chemical-mechanical
polish (CMP).

9. The method of claim 1 wherein said conductive lavyer is
patterned to form elevated S/D regions by forming an
isclation mask having an opening over the STI regions and

etching said conductive layer using an isclation mask as an

etch mask.
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e) etching S/D trenches between said STl regions and said first spacers;
(1) said S/D trenches having a depth beneath the substrate surfgdc® Jdt vags
200 and 2000 A; (2) said S/D trenches having a width between 0.05 and 0.5
gm f) filling said S/Dtrenches with a S/Dinsulating layer; (1) said S/D
insulating |ayer conprised of [liquid phase epitaxy oxide; g) etching said
first spacers to formsecond spacers on the sidewall of said gate
structure; said second spacers have a narrower width than said first
spacers; 1R) f 8hai ngthodontuctd e 1 ayerredverafsairds5Ep 1egi ons, SSI df gat e
structur nd_said substrate; (1) said conductive |ayer conprised of
pol ysi | i %Ce)%?rle) “pFana iE}?%gte %#%cﬁ?@tﬁﬁlé‘rleaﬁgFfPBmﬁdl evetclind said hard
mask; (lkatibhefpkanaspaiags ofo Sedth cRnde! isya kayebn PeEf 9f fBL, Usi ng
chem cal -nechani cal polish (CW); 16

of sald gate structure.

11.  The method of claim 1 wherein after step (f) and

before step (g} the following steps are performed

removing said first spacers; and forming second spacers on

the sidewall of said gate structure; and said second

spacers have a narrower width than said first spacers and

said second spacers have a width of between about 200 to

2000 A.

12; A method of fabrication of an elevated S/D for a MOS
device; comprising the steps of:
a) forming STI regions in a substrate;
b) forming a gate structure comprised of: a gate
dielectric layer, a gate, and a hard mask;
c¢) forming LDD regions adjacent to said gate structure
in said substrate;

d) forming first spacers on the sidewall of said gate

structure;
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R T IEE R -- - -- 25 JUL 2005 ) etching
back said conductive layer to a level of said hard mask to a | ev@l5bjjiovgQs
said hard mask; k) patterning said conductive layer to formelevated S/D
regions over said S/Dinsulating |ayer and said substrate adjacent to said
second spacers; (1) said conductive |layer is patterned to formelevated
S/D regions by formng an isolation nmask having an opening over the STI
regi ons and etching said conductive |ayer using an isolation mask as an
etch nmask; 1) formng said diecty ispalcayer havengt hewsdbist s atiestwgdranari zi ng

said dielectric layer tqg the |evel of ai.d hard mask; and m) form ng
silicide on said eIevaI%hP&%lﬁq%eﬁpgnépO%l%’z 5 JUL 2005 13. A nethod of

fabrication ot)asatehevatem S0k apMGedavieea SOMPrES] Mg they steps of a)

formng STI regions in a substrate; b) formng a gate structure conprised
of: a gate said first spacers;

(1) said S/D trenches having a depth beneath the
substrate surface between 200 and 2000 A;

{2} said S/D trenchés having a width between 0.05
and 0.5 pm;
1) filiing sald S/D trenches with a S/D insulating
layer;
(1) said S5/D insulating layer comprised of

liquid phase epitaxy oxide;

g} etching said first spacers to form second spacers
on the sidewall of said gate structure; said second
spacers have a narrower width than said first
spacers;

h) forming a conductive layer over said STI regions,

sald gate structure and said substrate;

(1) said conductive layer comprised of
polysilicon;
i) planarizing said conductive layer to a level of

said hard mask;

{1} the planarizing of said conductive laver

performed using chemical-mechanical polish (CMP);
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dielectric layer, a gate, and a hard mask; c) form ng LDD regi ons adjacent
to said gate structure in said substrate; d) formng first spac@rs Wi 7085
sidewal | of said gate structure; e) etching S/D trenches between said STI
regions and said first spacers; f) filling said S/D trenches with a S/D
insulating layer; g) etching back said first spacers to form second
spacers on the sidewall of said gate structure; h) formng a top isolation
| ayer over said substrate; i) planarizing said top isolation |ayer to the
| evel of saidl haretataslg Hackpaktidr nondustaidet bpyesolatd dededyerf to form

el evated S/ D openjngs.ovey said S/ D insulati | ayer .and, said LDD

regions; k) filli nsga%gihdaré{ &iated®sFD 858#\%%2‘9‘%?%%%&%{{ & °SFD regions.
18 2 5 JUL 2005 Igatiddheniret haddokoebabmidd wheseito s@ith fdlstatspacer s have
a wdth of between_ about 500 and 5000 A. 15. The nethod of claim 13 wherein
said S/D trenches &%éeglons over saild $/D insulating layer and

sald substrate adjacent to said second spacers;

(1) said conductive layer is patterned to
form elevated S/D regions by forming an
isolation mask having an opening over the
STI regions and etching said conductive
layer using an isolation mask as an etch

mask;

1) forming a dielectric layer over the substrate;
planarizing said dielectric layer to the level of
said hard mask; and

m} forming silicide on said elevated S/D regions.
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a depth beneath-the substrate surface between 200 and 2000 A 16. The

met hod of claim 13 wherein said S/D trenches have a wi dth betwegrb QU5 288t
0.5 m 17. The nethod of claim 13 wherein said S/D insulating |ayer is
conprised of ‘a liquid phase epitaxy oxide. 18. The nethod of claim 13
wherein said second spacers have a narrower wdth than said first spacers.
19. The nmethod of claim 13 wherein said second spacers have a w-dth of

bet ween abdut 20Geahdd?2600fabri2Qtidhesfeihad Lf;rehakm 13, whengian the
filling of said elevated S/D openings with elevated S/ D regi ons conpri ses
the steps olevifae:ncngpaicongdutid weebaygr over said substrate; and

chem cal - nechani cal polish (CW) said-a conductive |ayer and etching back
said el evated &8/ D fregionss1D redievel iheh owddiet@p surface of said top
isolation layer. 19 =------------ 2 5 JUL 2005 21. A nethod of fabrication
of an el evat ed!S/ Dofning MEbewteas-tapaPEdgdNGiherst gpg.f © a) formng
STl regions in a substrate;

dielectric layer, a gate, and a hard mask;

c) forming LDD regions adjacent to said gate structure in

said substrate;

d) forming first spacers on the sidewall of said gate
 structure;
e)  etching S/D trenches between said STI regions and

said first spacers;
f) filling said S/D trenches with a S/D insulating layer;
g) etching back said first spacers to form second
spacers on the sidewall of said gate structure;
h) forming a top isolation layer over said substrate:

i) plararizing said top isclation layer to the level of

sald hard mask;

1) patterning said top isolation layer to form elevated
S/D openings over said $/D insulating layer and said LDP

regions;

k) filling said elevated $/D cpenings with elevated S/D

regions.

18
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b) formng a gate structure conprised of: a gate dielectric layer (18), a
gate, and a hard mask; <c¢) form ng LDD regions adjacent to said @afeJUL 2005
structure in said substrate; d) formng first spacers on the sidewall of
said gate structure; (1) said first spacers having a wi dth of between
about 500 and 5000 A; e) etching S/D trenches between said STl regions and
said first spacers; (1) said S/D trenches having a depth beneath the
substrate surface between 200 and 2000 A; (2) said S/D trenches having a
wi dth bétweefihe. 06tapd Of S-lin( 3)3 sdéied eShDstiaenthest aspaetcheatkdby form ng

a S/'Dtrench_. k i ng _an openin ver .t reas where S/D trenches are
to be formggdh“]al%%l é{}(&:l ieﬁ%eFReaga t?%ﬁearﬁ%i%goq " S/D trench mask as an
etch mask5.f) Thel hengosabd Sdnt riencies ewint BaaaSEPhi psehaténNdhadayer; 20

a depth beneath the substrate surface between 200 and

2000 A.

16. The method of claim 13 wherein said S/D trenches have
a width between 0.05 and 0.5 pm.

17. The method of claim 13 wherein said S/D insulating
layer is comprised of a liquid phase epitaxy oxide.

18. The method of claim 13 wherein said second spacers
have a narrower width than said first spacers.

19. The method of claim 13 wherein said sécond spacers
have a width of between about 200 and 2000 A.

20. The method of claim 13 wherein the filling of said
elevated S/D openings with elevated S/D regions comprises
the steps of: forming a conductive layer over said
substrate; and chemical-mechanical polish {CMP) said—a
conductive layer and etching back said elevated S/D
regions to a level below the top surface of said top

isolation lavyer.
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25 JUL 2005 (1)' said S/Dinsulating |ayer conprised of liquid epitaxy
oxi de; g) etching back said first spacers to formsecond spacergd DnjUlhe(gs
sidewal | of said gate structure; said second spacers have a narrower w dth
than said first spacers; (1) said second spacers have a wi dth of between
about 200 to 2000 A. h) formng a top isolation |layer over said substrate;
i) planarizing said top isolation |layer to the level of said hard nmask: j)
patterning said top isolation layer to form elevated S/ D openi ngs over
sai d S/ DZLnsubatréiged | &y érakamidragdiod bDDaneglonstednd/ k)fdy |d iMig sai d
el evated S/ nings wi.th elevated S/ D regions; (1) the filing of said
el evat ed Sf%‘%%%ﬁi %gglpr\hstlﬁge %%a%%%p%/% r'egi ons conprises the steps of :
form ng a conducti#erhayersmyvearegisaisd isubssnateraadd chem cal - nechani cal
polish (CW) said gond_ucti ve | ayer and ,
B) orming a gate structure comprised of: a gate
dielectric layer (18}, a gate, and a hard mask;
c) forming LDD regions adjacent to said gate
structure in said substrate;
ad) forming first spacers on the sidewall of said

gate structure; -

{1) said first spacers having a width of between
about 500 and 5000 A;

e) etching S/D trenches between said STI regions and
said first spacers;

(1) said S$/D trenches having a depth
beneath the substrate surface between 200
and 2000 A; |

{(2) said S8/D trenches having a width

between 0.05 and 0.5 pm;
(3) said S/D trenches are etched by ferming a
S/D trench mask having an opening over the
areas where S/D trenches are to be formed and
etching the substrate using the 5/D trench
mask as an etch mask;
f) filling said S/D trenches with a S$/D insulating

layer;
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etching back said elevated S/ID regions to a |evel below the top surface of
said top isolation layer. 21 2 5 JUL 2005

(1) said 8/D insulating layer comprised of

liquid epitaxy oxide;

q) etching back said first spacers to form second
spacers on the sidewall of said gate structure; said

second spacers have a narrower width than said first

spacers;

(1) said second spacers have a width of between

about 200 to 2000 A.
h) forming a top isolation layer over said
substrate;
i) planarizing said top isclation layer to the level
of said hard mask;
J) patterning said top isolation layer to form
elevated 5/D openings over said S/D insulating
. layer and said LDD regions; and

k} filling said elevated S/D openings with elevated

S/D regions;

(1) the filing of said elevated S/D openings
with elevated S/D regions comprises the
steps of : forming a conductive layer over
salid substrate; and chemical-mechanical

. polish (CMP) said conductive layer and
etching back said elevated S/D regions to a
level below the top surface of said top

iscolation layer.
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