t
; e3e=889, ; 4" ; *<6<T=ck1METHOD OF SELF - ALI GNI NG A DAMASCENE GATE STRUCTURE
TO | SOLATI ON REG ONS BACKGROUND OF THE I NVENTION (1) Field of the Invention
The present invention relates to nmethods used to fabricate sem conduct or
devices, and nore specifically to a nethod used to self - align a danmascene
type gate structure to isolation regions. (2) Description of Prior Art
Mcro-mniaturization, or the ability to fabricate sem conductor devices
conprised with sub mcron features, has been directly related to advances
in photolithography. The use of nore sophisticated exposure caneras as well
as the use of nore advanced photosensitive materials have allowed the
desired sub-m cron inmages to be defined in photoresist |ayers. The sane
phot or esi st | ayer s MBRHODs@H SHLE R AINSGNSNG- AiDAMASCENGFeSATEr e t han used as
an etch mask to allow the subm cron i mages or features to be transferred to
materials used for sSemYTRUUUTURE TARINCGIEA PION REGSONKOpi ¢ dry et ching
procedures. However the ability to correctly align or overlay overlying
sub-m cron features to underlying sub-mcron features can still present
probl ens. The present invention will describe a novel process sequence in
whi ch a gate structure, o MAVA insul ator |ayer, are forned,
self aligned to existinéﬁgggsgpﬁ@ﬂsF%Bt@ﬁ£§€$ﬁpi8ﬁoveI process sequence
enpl oys, onl si ngl e, phot ol i t hographi ¢ procedure, and a single
photolﬂﬂ%gﬁﬁﬁgﬁwﬁﬁﬁﬂgwnor reticle, to formthe isolation regions, the
subsequent self aligned gate insulator |layer and the gate structure. The
gat e st r uct Tireepregent invensioh yelpigs anethodsggeditodbricajeesemicomdudier deyicanandi a
damascene procedures, with the gate insulator |ayer conprised of a high
di el ectmore spanifidatipto 4 ethod kijedyatselfl i alsgh pdaasbenyg @ype dare shiuctard 16 isltionas: Ang
et al, in US. Pat. No. 6,258,677 1; Rodder, in U S. Pat. No. 6,261, 887 Bl
Hsi eh e&oighs. I1N U.S. Pat. No. 6, 248,634; and Tsutsum, in U S. Pat. No.
5,789,79%, descri be nmethods of integrating gate structures with al ready
formed isol ation regions. However none of these prior arts describe the
novel process sequence described in this present invention in which a
damasce type.gate, structure and gate insulator |ayer are defined self
al i gneo(aﬁ?e%gg‘éﬂ‘g? ?fep ! ons. SUMMARY OF THE INVENTION It is an object of
this invention to fabricate a sem conductor device in which the gate
struct ur e, MiSEP-TMHEREPIZAtAR Qjhecability tn fabdsats sppasondpeorigqviceaeqmyprisgd ph sub-
isolation regions. It is another object of this invention to define a
damas c enisran/igaturegdtae bearrditseily wlaerittogdvancenisuphatobithogeapby., Thelsk ofilioghed t o
i solation regions without the use of a photolithographic procedure for
def i ni tsophistidatddreaposaitecatiaiascls wWetisis the use of more advanced photosensitive materials have

allowed the desired sub-micron images to be defined in photoresist layers. The same photoresist
layers comprised with the sub-micron images, are than used as an etch mask to allow the sub-
micron images or features to be transferred to materials used for semiconductor device via
anisotropic dry etching procedures. However the ability to correctly align or overlay overlying
sub-micron features to underlying sub-micron features can still present problems.

The present invention will describe a novel process sequence in which a gate structure, and an
underlying gate insulator layer, are formed, self-aligned to existing isolation regions. This

novel process sequence employs only a single photolithographic procedure, and a single



In accordance with the present invention a nmethod of formng a gate
structure and underlying gate insulator shape, self aligned to isolation
regions, is described. Silicon nitride shapes are forned on the top surface
of both P well and N well regions |located in top portions of a

sem conductor substrate. After formation of the heavily doped source/drain
regions, in portions of the P well and N well regions not covered by the
silicon nitride shapes, silicon oxide spacers 2 are formed on the sides
of the silicon nitride shapes, overlying portions of the heavily doped
source/drain regions. Photolithographic and dry etching procedures are then
enpl oyed to formshallow trench shapes in portions of the sem conductor
subst r gthetdlibloerapd idressiee neticke tesfol cleniselhtion eioad) apesibseghént Belfnbglednad W t h
the silicon oxide spacers. Filling of the shallow trench shapes with

si |'i connaatdelale ah@ tHepartbthytutte MitieldateatruOiiredind uRiS@RNAd Zdd inSlateF RGEIEHNES
resulting in shallow trench isolation (STlI) structures, with bottom

porti ong Bfmdd\Ba gﬁaﬁ&ﬁéﬁ&é&ﬂﬁl\%ﬂ,g \ﬁﬁ%@gﬁe RaduliBorfta !:Am;?rgkgcsi Ng%‘ﬁ{gh éil{ei%iltr?@s of

t he sem conduct or substrate, e overlying top port _
- eroval cara ety BhE oo e ik PR drrad o1 b AL 6SShel 1

ised with d wd t he ,addi ti f th ini il id
cpacer SO Usb i iooh 261581 Bl daricrtiabiitl) § 3t SR SAL6HS 264 desmsrl ime. ST

structures, a high dielectric constant (high k) layer, and a conductive
| ayer d¢&- Betpei %%8:9,,7%ﬂ¢59ﬂb€dmbt90@ﬁrpfétﬁ@gfaﬁmkat©$twwmwith elsaady forgeiin a
damascene type conductive gate structure and a high k gate insulator |ayer

| ocat edsdiatimaegiond dHsveveamne of thedegdeios paaieEdibe i moRelipfockssisequRhc degigidb®ith on
the sides of the exposed STl structures. Selective renoval of the silicon
ni tri dehspaseitSnwintiong witen 4§ @4iBteRAyRf atd @ity MapRad i&%&&q%%F & RefitddD)
regions, to be acconplished in the vacéied space, with the L regi ons

but ti ng..ihg gh&gmgﬂgﬁgoﬁgurce/drain regions |ocated under the ST
regions. Refilling of t spaces created by renoval of the silicon nitride
spacers, with a silicon nitride - silicon oxide conposite layer is followed
by deposition of an interlevel dielectric (ILD) layer. Qpenings to the
heavily doped source/drain regions in both P well and N well regions, are
then acconplished in the ¥ AR € O RHE INVESIEBY t i ons of the STI
structures, via selective dry etching procedures, using the silicon nitride
conponent Of istanebieshplobistieventigeio fabricetesd stoviedniduetbcdevicedn phidhajegate
Deposition of a netal |ayer, filling the openings, is followed by

pat t er ritmgtups, adohdedging @hieinsuiaidriigyed eciselfdligmddab isothibAedgi@id i nt er connect
structures. BRI EF DESCRI PTI ON OF THE DRAW NGS The object and ot her

advant ages ofs dnBiher dB)¥R BF HNinERioR]S HefR A dakia8GEnb Bpb Nt REREL &R cate
enbodi nents with reférence to the attached draw ngs that include:" Figs. | -

15, whi; (P i - [ t esGr.i > ages used
ot abr RARE"ERE. hRlighe (L AARRTFERLY AN, uRNt Bra AETA DGR pRb AR
sel f ajggn .&o Hﬁﬁlation regi ons. DESCRI PTI ON OF THE PREFERRED EMBCODI MENTS
The met REEBHP RS ment ary metal oxi de seni conduct or ( CVOS)
device, conprised with an N channel, netal oxide sem conductor (NMOS)

devi ce, andi@cerddisswith thepresant Bypritonganetberheluforming ermesiructrgnfieat uri ng a
fabrication procedure allowi ng self alignnent of a gate structure and an
under | yindgrlyag gaté msuibter shapt,ayléaligmedits sblatierongiveygiisctescribad.| $ilicoomitide seper i bed
in detail. Sem conductor substrate 1, conprised of a P type, single

cryst aldré foemsd bh @fertos srsdct af Both Wividll aadN QRH rédiviliadateddh aphbertiohd ent at i on,
is used and schematically shown in Fig. 1. P well region 2, to be used to

|
accomoiahfcdnlfe:NMIBsERY. &fer ﬂoﬁmft?)'h rB?%eihH}a@l)f &théﬁ g&@@/ (ﬂ'ﬂinqg%iﬁmtfzﬁ?’g tor

substrate 1. A photoresist shape (nhot shown’in raw ngs I's used as a

int he SPCE SE RN Rele BBy B LB MG opons o o ™™

formation of P well region 2. After renoval of the
2



phot oresi st bl ock out shape (not shown in the drawi ngs), via plasma oxygen
ashi ng procedures, another photoresist block shape is used to mask P well
region 2, froman inplantation procedure used to formN well region 3, in a
second region of sem conductor substrate 1. This is acconplished via

i npl antation of arsenic or phosphorous ions. The photoresist block out
shape is again renoved via plasnma oxygen ashing procedures. During the well
formati on procedures additional inplantation procedures are perfornmed to
form punch through and threshol d voltage adjust regions in top portions of
both well regions. These regions are not shown in the draw ngs. The

attai nnent of dummy gate nask shapes, to be used for definition of the
heavi | yarelfipmed so thesalesl pbtha siliegn vinsdef shapess heveNMDS pdaions ef tha hexwigldopsdegi on 2,
and for the PMOS device in Nwell region 3, is next addressed and descri bed

usi ng Fo@fee/dain reBionS PhiofstithddtHhictAd lday&Ehidg plotedestsetheR EmploRasitodsinge
| ayer, is first formed on the top surface o? sem conduct or " substrate 1, at

a thi ckpgssy Qgﬂéﬁ%ﬁ e@lﬂp rtichs Jf?h %Qco’%ﬂ?é&r 88 ra 1o@atl=:c§]§ t@%q_tﬁé)%)@oﬁ on

procedures or vra ressure chem cal vapor epos|t

| asma enhanced ¢ rdepositi PECV] e
B 1S CorARE FidiEs Q‘ygiaf%lm‘r@%h@ﬁ SRR ok g e MR B NEY e hadiat Uso
to 2000 Angstrons, via LPCVD or PECVD procedures. A photoresjst shape, (not
shown i With Fiicesyoxideris &llowed by dxpsification andyplamarigptioparrreadyres resyliing i shellewon of
t he dummy nmask gate shapes conprised of silicon nitride |ayer 5, on pad
si | i corfraseh telatiay 5TTHstrutheesdwith hottdro povions hethd Shytrupatres lveaed witbpB svells
acconpl i shed via an anisotropic reactive ion etch (RIE), procedure, using
CF4 or 4adN asll ssgicak ohthetserhondictdr sostiate] Whilovetlyidgtop portignHithe 8F] a
sel ective etchant for silicon oxide |ayer 4, with the R E procedure

sel ect i gp@boirds AFdTobtdd wa&!nttﬂe lihGraRPRRRGRSE HlediNe rddihabbf thaSilict nitride
sem conductor substrate 1. The photoresi st shape used for definition of the

durmy gﬂaﬁgq%gh% in ssh%rrg&uresnrn@ BilscllBurR bRPRRIAKY 6 e%ﬁ&lhgx%réﬁ ot or esi st

shape formed and use 0 pro ec egi on ocated in the
PMOS regi on.of .sem ¢ nductor trate |, .from an inpl ant tlo pr re
used ¢ GETBRITRSTHARN] Smfsed & eGP LR SgRgAen e ot fes
region 2. This is acconplished usrng arsenic or phosphorous ions, inplanted

at an eﬁtreﬁfgsﬁ%elr%éwlea%rfpn%arttéhlgbb) keyor. and a sorsysvelaysnaerdeapdied, | E | S to
5E 15 atons/cnR. The result of this procedure is schematically shown in

Fi g. 4.foléwed by amatshaback prqshditre ressiting irshdaeaséenetyze quindsative gaty genctasiandg
procedures, photoresist shape 8, is formed and used to bl ock out the NMOS

regi on ligh ks gave doMEie layer BLdisd Beddeenlhe §ilicdh ditideFPicRi ahichlin Airpaedstagdwaed to
formheavily doped P type source/drain regions 9, in Nwell region 3,

| ocat edpé §dédut tRNPosca%T? @tr&ftur%@ r@e@&ﬁqy %valsmﬁé §ifitén rﬁtrrdI@%)a%ef;s%llows the
acconpl i shed using boron of , Inplanted at an energy between about 0.1

EE. §:pff§¥% o RS %@i”?@r@?%ﬂgr?b? " feﬁﬁbit&?lﬁé‘tf?r%g%% g PRSI o on
Cour oo/ LI HEbTaieS bR ed B betoneh e okr Py Chgete IR B P oxygen

ashing procedures. A silicon oxide layer is next deposited to a thickness
bet weerfegibbut RHEBlingrithompapgsyseatedry, rempral 0pthebilisen pdNEspacws.eth ®sliens ng
tetraethylorthosilicate (TEQCS), as a source. Narrow spaces between the
dumy gﬁtﬁeﬁaﬂkmsmapeomhmmaeedmdmﬁﬂhmhdw@mhmmégmoﬂanaﬂa%aehmbbudbﬂLD)lIed
by the silicon oxide |layer, while the w der spacers |ocated between a dumy

gat e nesyers o?aﬂngmo EheWalily @Ped BordBeldindegiols Both PR afl BbLell REAHE Gre

outsi de a region, are not filled by the silicon oxide |ayer. A

bl anketineppiosabridRi n i FIDTHELH t i i con

oxi de, P% ngxtbeonoye @%rnrsﬁt$@%%ﬂ%?|égkggggéygﬂT%‘ﬁgap&x%gasﬁdes of
mask shapes ex osed the w spaces,

Sﬁmm@s%ié%%ﬂce&trwsgr%e SR B ecmiptind b pEBOGRR el Sute e Shapes

10b. The result of these procedures is schematically shown in Fig. 6. The

definition of shallow trench shapes 1 |, is next addressed and
schematically shown using Fig. 7. A sefective RIE procedure is enployed to
renove regi ons of sem conductor substrate |, exposed in the w de spaces

bet ween dumry gate mask shapes, which are Iined with silicon oxide spacers
10a. The selective RIE procedure is acconplished using SF6 as the etchant
for silicon, with a high etch rate ratio of silicon to either silicon
nitride or silicon oxide, allow ng shallow trench shapes | |, to be defined
using silicon nitride of dunmmy gate nmask shapes, and silicon oxide spacers
10a ‘as an etch nask Srlrcon oxrde shapes 10b, located in the narrow
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30 to 1000 Angstroms, via LPCVD or PECVD procedures using TEOCS as a source,
conpletely filling shallow trench shapes 11. Portions of silicon oxide

| ayer 12, are al so deposited overlying the top surface of silicon nitride

| ayer 5, of dummy gate mask shapes, as well as overlying silicon oxide
shapes 10b. A chem cal nechani cal polishing (CWP), procedures is next

enpl oyed for planarization procedures, selectively renoving portions of
silicon oxide |ayer 12, fromthe top surface of silicon nitride |ayer 5,
resulting in insulator, or silicon oxide filled shallow trench shapes. This
is schematically shown in Fig. 8. An anneal procedure is next performed at
a tenperature between about 500 to 1200 C, in an inert anbient, for

pur pos eopoleyate RspdsitiangpftameectelHayer,ddlihy the aperingteisdslidved byi pateoringpriodelutay er
12. The densification procedure results in the evolution STl regions 13a,
now condefinsgdhedesiéd me@hcanxdctgnd inpedonhebt sirittgbal | ow trench shapes 11, and
conprised of silicon oxide spacers 10a, previously |located on the sides of
dummy gate mask shapes. In addition STI regions 13b, are defined in the
narrow spaces | ocated between dummy gate mask shapes, with STl regions 13b,

conprised with a bott (ﬂﬁg P?ﬁﬁﬁ%ﬁ*ﬂﬂ??ﬁt&ﬁﬁﬁGﬁx'de shape 10b, and
Si

conpri sed mnth a top por |on eaturi ng icon e layer 12. The result

of the ann roced schematically sho in Fi . .Renmgval of the
dummy gat e J@ﬁ?ﬁg‘gﬁ‘?@ﬁmge%{ﬁ@%@“%ﬁ 1%6%!'1 the preafereadr at ed
usi ng Fi 10. Silicon nitride layer 5, is selectively renoved via use of a
hot ph Ientyvitly refespnpeite he aétﬂ‘ﬁi@dldrﬁg\”ﬂgﬁeth@tdpc]s@' face of pad silicon

di oxi de |l ayer 4, |ocated between the STl regions. |If desired silicon
nitride | ayEa'gs.B,- 16 awhiobk schemaviedlyy inscressiRbdEiopalotyie] describs kagstbde? uasi @
selective etchant for silicon nitride. Pad silicon dioxide |ayer 4, is next
sel ect ifurigate £amy @fhiciir@adl [RdBrlyin® bA6 @fulafor UBdpe Joddibd - Anad teksBastt - Thi s
procedure also results in some renoval of silicon oxide fromthe top of the
STI rengQ&h All portions of the heavily doped source/drain regions, in
both welT regions, are entirely |ocated underlying STl regions 13a, and STI
regions 13b. A silicon nitride |layer is next deposited at a thickness

bet ween about 30 to 1000Angstrons, via LPCVD or PECVD procedures. The

t hi ckness of the si on nitride layer will subse uentl determ ne the
width of lightly M@J@N&%mﬁﬁ%@ﬂmw IMBNTni sot opi ¢ RIE
procedure, using CF4 or Cl2 as a selective etchant for silicon nitride, is
then used tBedestherbofsiormingm canplingeiaypacelraxideseminontimsory CQS0devBE] 1 egi ons
13a, and on the sides of STl regions 13b. The result of these procedures is
schematdoggkiked witloanNichartriely . meltdl oxeBeglrogdiete (NMQS)elenist,ant a Prohgimek Jmetaret al
oxi de layer, such as al um num oxide (A1203), zirconium oxide (Zr02), or

haf ni urgxeie Wgidorli@2dr, (Pl\msyee&{d fAanass & ebriedtiod gr&ee&@%ﬂm%ts&\%n%ma%f 45 to

300 Angstroms, via metal organic chem cal vapor deposition ( or via

oD LR GRARIGR ARt EROAS P Tl (YRR T AR ﬁﬁnmb‘w@ﬁ%ﬂ%&y}ﬁr >

wi ||l be use at or eV|ce

di el ect nst ant  of h ayer 15, n about 7 to 500,
o)+ ove Gl f?%gn%f’flgad?frﬁuﬁfé%l rgywrlseﬁﬁﬁj 3 irygrer st fre S ity 298,
al l ows an equi val ent oxi de thickness (EOT ?ual to the thinner, |ower k
di el ectd 100z siyatelpgaphicorigngation, is usad; aﬂéachemrlga iyshewn indiied . Bywelbisaioni ton of
conductive |layer conprised of a netal such as tungsten, alum num al um num
- coppéde, usebiymerommpdate thg NN Sgievice.i islyrmad irpa fifsi cigivesd streicambietaabout 50 to
1000 Angstrons, via plasma vapor deposition (PVD), or via CVD procedures.

| f desisubdratdhk &@holioedsisvshabayiex sl nehc@aRingspth 3éd & blocisbitinadrped
polysilicon layer. The thickness of the conductive |ayer in the spaces

bet ween|§ing'i zﬁ[h%oh%f%x%ﬁb?BFE mgt&ﬁeepe&ﬂahﬁ@ e lfsdegﬁmco@%uct've | ayer

on the top surface of the STI regions, thus tch back or chem ca
mechani ogedur e .can.he sed t rmthe d ired
conducts%\?ﬁecoggl%étér%gsqra%‘:’c'\/ep?ﬂ’tmgI ﬁ&'alc’[il 151 naél n fp ?%%rf gn %\?ﬁ FHSUE Q?EIE use of
phot ol i t hographi ¢ procedures. The etch back procedures used to renove

t hi nner portions of conductive |ayer and of thinner high k |ayer fromthe
top surface of all STI regions is accoﬁplished using anisotropic R E
procedures, using Cz as an etchant. This is schematically shown in Fig.
12. If desired a CWP procedure can also be used to renove the thinner
portions of the conductive |ayer fromthe top surface of the STl regions,
again resulting in definition of conductive gate structures, self aligned
to STl structures, with the definition of the conductive gate structures
agai n acconplished without the use of photolithographic procedures. Silicon
n|tr|de spacers 14, are nOM/seIectlver reaned fron1the S|des of STI
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ions, at an energy between about 0.1 to 30 KeV, at a dose between about
2E13 to 5E14 atons/cn2. The LDD regions are fornmed self aligned to
conductive gate structures 16, butting heavily doped source/drain
counterparts, |ocated underlying the STl regions. The result of these
procedures are schematically shown in Fig. 13. Refilling of spaces 17,
created by the renoval of silicon nitride spacers 14, is next addressed and
schematically shown in Fig. 14. Silicon oxide layer 20, is first deposited
to a thickness between about 30 to |1 000 Angstrons, via LPCVD or PECVD
procedures. Silicon oxide |layer 20, lines the sides of conductive gate
structures 16, as well as the sides of STI regions 13a and 13b, however

wi t houtphotargdist bleick ofif dhhpagotshawadn (. driNeings)svik plasma nkygeh dshihgpecediss, | s
deposited at a thickness between about 50 to 1000 Angstrons, via LPCVD or

PECVD pnothetlpticesresiviblldtktshepedo 03ds6 hsioP welll k@62, rdrh il @npiavefiordgroccdin ek
silicon oxide layer 20, now conpletely filling spaces 19. A photoresi st

shape, ne§ toS@HWN WAl bdafond, "i’ﬁ"é%ﬁmdf' 105Q?§%df§81§hu@§)r Ahsthe, st o allow the

portions of silicon nitride [ayer , e reaned fron1the top surfaces

of STI IeaV|n 05| Syl at a

conpri segc%ﬁnsﬁe%l %gﬁﬁ% tta%?%%f r%e%Cror%TOSp I&?ug (]nis C ?fSS'ftj)yoec:k %‘gShaB‘Fﬂs
overlylng conductlve ate structures 16, as well as onIy filling spaces 19.
The et A$PTERAYRF A2 Bladn PXYERR AT RIFFdLfRss Duging they el lopBatingmsocegusst oyi ng
CFQor Cz as a selective etchant for silicon nitride. The photoresi st
shape asétioppldmelantatipe procedureseaye performgd knfprmipendli thraugh and thréestieldreltageal
procedure, is then renoved via plasma oxygen ashing procedures. If desired
a CWP prdpssectgions oatop ipertisne df iah weltpagtortsh @ hperregiomsare hotshbiva dmtheidtawings. | ayer
21, fromthe top surface of the STl regions, while other portions of

silicon nitTiiekealrent of2dumrh Pt BdsiOtha F&etcﬂfws%@forfaeﬂﬁﬁsﬁ b¥@e Gééﬁly doped
structures, are left remaining. 11 nterlevel dielectric (ILD), layer 22,

conpri I B xt
COTPY ! SEfkeBliedh WkE SRR B HAAO R o 2 e A%iffﬁ'#@%s %%%w‘%a{%ﬁ or
PECVD procedur es edu elis Ianarlz ose

resul ti n%long 3 ngﬁoa@{hﬁs%eg ?Slmé{ eél ‘{S dgsap#ﬂyi g lc‘?q_ﬁof per ¢ used as
photoreS|st sh own in the draw ngs, is used as an etch mask to

al | ow r 1§§ gor@p@# PR & tP syrfase phiesticonslucigesupsirate Aeatpghighgiess ons of
STI i ons 13a and 13b, exposing portions of the top surfaces of the
heaV| I &ﬁm@bQ@&OdellﬂQ(aAngSﬂ@giSoﬁs thenmiloridaponetdeeduaes, onvi2 Jovapatsdirene| |
region 3. Openings 23, are fornmed via a RIE procedure using Cl-1F3 as a

sel ect ichemédab Vepiot dépositish (LROVIDR 0 grsan elRbtzd dHemial cdper ageeitiog SPESYDRUt t
silicon nitride conponent 21, of the conposite insulator fill located in

spaces pkdeediiRe. PVOHKBRE QSN HirldeCARr B it fHe %eﬁd@ﬁﬂpﬁ%ﬂﬁlcgﬁess Béttv@énsal:%ﬁpg@ ction
to the conductive gate structure and to the underlying |g k gate

'nSU|at9@Ob@XﬁéTr ring, }jB}ﬁ%@VDﬁﬁo&Bﬁ%&nQFp xeﬁasm?et( ?ﬁ%he inthe

subsequent net [icide formafion ‘procedures € res

proceduyes. i schenatlcall A5, Aft renmoval of the

ot or duRSiPen R8T 1aea P uBrnpiot B dsfinihRir sty DRl B oxy gen
ashing procedures, a netal |ayer such as cobalt, nickel, titanium or

t ant al UAMPrisecRisHison BHrds layaorrhpadedinan exideayerd. Hicdefiniion pEihadunmuigeist 30
to 1000 Angstrons. An anneal procedure is perfornmed using either
conventmhahahalfea isvcenplished digrasspisotropi¢ ecactie iof etch PR UE) 1 frecedate, asimedF, ( RTA) ,
procedures, resulting in formation of netal silicide on portions of the

heavi | yordipgchnsathanefoflsitiedh higRleOWhilEXMASEHF| & DRER1IROGcHRAt fof BRicHRbaHe
silicide layers are not shown in the drawi ngs. Portions of the netal |ayer

| ocat ed, A 4T REh HRIRIBYbRBEQb bR @Mﬁmaﬁ?‘r?g' with t Q'apéeta?an'cg gf dle tdﬁ%u'rfﬁcé)éf

openi ngs” 22, remain unreacted and are sel ectlv emoved via wet et

o oced e el LBl AR s R AR S T

conpletely filling openings 22. Portions of the netal |ayer are then
renoved fromthe top surface of ILD |layer 22, via a CVP procedure,
resulting in formation of nmetal contact and interconnect structures 24, in
openi ngs 23, overlying and contacting N type heavily doped source/drain
regions 7, located in P well region 2, of the NMOS device, and overlying
and contacting P type heavily doped source/drain regions 9, located in N
well region 3, of the PMOS device. Wiile this invention has been
particularly shown and described with reference to the preferred

enbodi nents thereof, it will be understood by those skilled in the art that
varlous changes in forn1and detalls _may be made w thout departing fromthe

Y



What is clainmed is: 1. A nmethod of fabricating a netal oxide sem conductor
field effect transistor (MOSFET), device on a sem conductor substrate,
conprising the steps o form ng conposite insulator structures on top
surfaces of first portions of said sem conductor substrate; form ng heavily
doped source/-drain regions in second portions of said sem conduct or
substrate, not covered by said conposite insulator structures; formng
first insulator spacers on sides of said conposite insulator structures,
with each first insulator spacer overlying and covering a portion of a
heavi |y doped source/drain region; 10 defining shallow trench openings in
portions of said sem conductor substrate not covered by said conposite

i nsul atshepestis weotovedsiagiashmg ogpgen abhingt i nsul at or spacers; filling said
shal | ow trench openi ngs, and spaces between said conposite insul ator

structures Fididredstlshapete, isreut Rh@ed hiadigkd td motbi N RElirdgisha Ibeited ihench
isolation (STI) regions with each STl region conprised of an underlying
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between about 1E15 to SE15 atoms/cm®. The result of this procedure is schematically shown in
Fig. 4. After removal of photoresist shape 6, via plasma oxygen ashing procedures, photoresist
shape 8, is formed and used to block out the NMOS region of semiconductor substrate 1, from an
implantation procedure used to form heavily doped P type source/drain regions 9, in N well
region 3, located in the PMOS region of semiconductor substrate 1. This is accomplished using
boron of BF,, implanted at an energy between about 0.1 to 30 KeV, at a dose between about
1E15 to SE15 atoms/cm®. The result of this procedure is schematically illustrated using Fig. 5.
At the completion of the implantation procedure used to define heavily doped P type source/drain
regions 9, photoresist shape 8, is removed using plasma oxygen ashing procédures.

A silicon oxide layer is next deposited to a thickness between about 50 to 1000 Angstroms,
via LPCVD or PECVD procedures using tetraethylorthosilicate (TEOS), as a source. Narrow
spaces between the dummy gate mask shapes located on both well regions are completely filled by
the silicon oxide layer, while the wider spacers located between a dummy gate mask shape on a
well region and a dummy gate mask shape located outside a well region, are not filled by the
silicon oxide layer. A blanket, anisotropic RIE procedure, using CHF; as an etchant for silicon

oxide, is next employed to form silicon oxide spacers 10a, on the sides of dummy gate mask



14 20 formng a gate insulator |ayer on a portion of said sem conductor
substrate not covered by said STI regions or by said second insul ator
spacers; form ng a conductive gate structure on said gate insulator |ayer
wi th said conductive gate structure self aligned to said STl regions;
renovi ng said second insulator spacers; formng |ightly doped source/drain
regions in portions of said sem conductor substrate exposed by renoval of
said second insul ator spacers, with each lightly doped source/drain region
| ocat ed adj acent to, and butting to a heavily doped source/drain region,
which in turn is |ocated underlying an STl region; formng a conposite

I nsul ator |ayer in space between said STl region and said conductive gate
st r uct ushepesixpesed di e sidpepices Whils theataprowlenspecesthetwdenidoginsagate naskhghiayes] 0
doped source drain region; depositing a second insulator |ayer; formng
openi ngge fitled withl siecnogide sidpbaldl Thay&ult anthebdproddddred T schedhtafy kipv@xpose
portions of said heavily doped source/drain regions; formng netal silicide
| ayers jgiFigx¥posed portions of said heavily doped source/drain 15 region;
and formng netal structures in said openings, with said netal structures

| ocat ed Ovefllley&e'ﬁgitﬁﬂio? sl%ltoa) tre?niclll gl%aipgse 1 Il, ke add%eSssed and schematically shown

using Fig. 7. A selective RIE procedure is employed to remove regions of semiconductor
substrate I, exposed in the wide spaces between dummy gate mask shapes, which are lined with
silicon oxide spacers 10a. The selective RIE procedure is accomplished using SFy as the etchant
for silicon, with a high etch rate ratio of silicon to either silicon nitride or silicon oxide, allowing
shallow trench shapes 11, to be defined using silicon nitride of dummy gate mask shapes, and
silicon oxide spacers 10a, as an etch mask. Silicon oxide shapes 10b, located in the narrow
spaces between dummy gate mask shapes, protected underlying well regions from this dry etch
procedure. Shallow trench shapes 11, formed to a depth between about 1500 to 7000 Angstroms
in semiconductor substrate 1, are located at the interface b§m6en P well region 2, and N well
region 3, as well as at the interface between the well regions and the non-well regions of
semiconductor substrate 1. Shallow trench shapes 11, are defined with a taper between about 75
to 90°, to optimize the filling of these shapes via subsequent CVD procedures.

Prior to the insulator filling of shallow trench shapes 11, a thin liner silicon dioxide layer is
thermally grown on the exposed surfaces of the shallow trench shapes. The liner layer, not shown
in the drawings, formed at a thickness between about 30 to 500 Angstroms, offers improved
dielectric integrity when compared to a subsequent CVD silicon oxide layer used to completely fill

the shallow trench shapes. Silicon oxide layer 12, is now deposited at a thickness between about



2. The nethod of claim1l1l, wherein said conposite insulator structures are
conprised of an overlying silicon nitride shape at a thickness between
about 50 to 2000 Angstronms, 20 and conprised of an underlying silicon

di oxi de shape at a thickness between about 30 to 1000 Angstrons. 3. The

met hod of claim11, wherein said heavily doped source/drain regions are N
type heavily doped source/drain regions, obtained via inplantation of
arseni ¢ or phosphorous ions inplanted at an energy between about 1 to 100
KeV, at a dose between about 1E15 to 5E15 atons/cne. 4. The nethod of claim
1, wherein said heavily doped source/drain regions are P type heavily doped
source/drain regions, obtained via inplantation of boron or BF2 ions

i mpl ant¥dod00GAngstrongyvip & PRdEhoIOUY Dprdcetiore8 Osikge VEOS tas a solose chmpleedin  about
1E15 to 5E15 atons/cnZ. 5. The method of claim1, wherein said first
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surface of silicon nitride layer 5, resulting in insulator, or silicon oxide filled shallow trench
shapes. This is schematically shown in Fig, 8.

An anneal procedure is next performed at a temperature between about 500 to 1200° C, in
an inert ambient, for purposes of densifying the chemically vapor deposited silicon oxide layer 12.
The densification procedure results in the evolution STT regions 13a, now comprised of silicon
oxide layer 12, in shallow trench shapes 11, and comprised of silicon oxide spacers 10a,
previously located on the sides of dummy gate mask shapes. In addition STI regions 13b, are
defined in the narrow spaces located between dummy gate mask shapes, with STI regions 13b,
comprised with a bottom portion featuring silicon oxide shape 10b, and comprised with a top
portion featuring silicon oxide layer 12. The result of the anneal procedure is schematically
shown in Fig. 9.

Removal of the dummy gate mask shapes is next addressed and schematically illustrated
using Fig. 10. Silicon nitride fayer 5, is selectively removed via use of a hot phosphoric acid
solution, exposing the top surface of pad silicon dioxide layer 4, located between the STI regions.
If desired silicon nitride layer 3, can be removed via a RIE procedure using Cl, as a selective

etchant for silicon nitride. Pad silicon dioxide layer 4, is next selectively removed via a RIE



silicon. 7. The nethod of claim1l1l, wherein said first insulator |ayer, used
to fill said shallow trench openings, is a silicon oxide |ayer, obtained
via LPCVD or PECVD procedures, at a thickness between about 30 to 500
Angstrons, using tetraethylorthosilicate (TEOCS) as a source. 8. The nethod
of claim1, wherein said conposite insulator spacers are renoved via R E
procedures, using CF4 or Cl2 as an etchant for silicon nitride, while using
CHF3 as an etchant for silicon dioxide. 9. The method of claim1, wherein
said silicon nitride shapes of said conposite insulator spacers are
selectively renoved via wet etch procedures using a hot phosphoric acid 10
solution. 10. The nethod of claim1l, wherein said second insul ator spacers
are si |preeadureiusingddIgpaer eshamdb T his pestedure aisd egsoks inisome oémavat of dildan onider | de

| ayer at a thickness between about 30 to 1000 Angstrons, via LPCVD or PECVD

pr ocedur@s thettte bf e BITh e ionk 2 Afiposink @Pihe hRbilyIope®shukRAdriif iréSorslth Kkh C 2 as
an etchant. 17 15 11. The nmethod of claiml|, wherein said gate insulator
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A silicon nitride layer is next deposited at a thickness between about 30 to1000Angstroms,
via LPCVD or PECVD procedures. The thickness of the silicon nitride layer will subsequently
determine the width of lightly doped source/drain (LDD), regions. An anisotopic RIE procedure,
using CF, or Cl, as a selective etchant for silicon nitride, is then used to define silicon nitride
spacers 14, on the sides of STl regions 13a, and on the sides of STI regions 13b. The result of
these procedures is schematically shown in Fig. 11.

A high dielectric constant (high k), metal oxide layer, such as aluminum oxide (Al,05),
zirconium oxide (ZrO,), or hafnium oxide (HfO,), is next deposited at a thickness between about
15 to 300 Angstroms, via metal organic chemical vapor deposition (MOCVD), or via atomic
layer chemical vapor deposition (ALCVD) procedures. High k layer 15, will be used as the gate
insulator layer for the CMOS device. The high dielectric constant of high k metal oxide layer 15,
between about 7 to 500, allows the use of a thicker layer. The higher dielectric constant layer
allows an equivalent oxide thickness (EOT), equal to the thinner, lower k dielectric counterparts,
to be realized. This is followed by deposition of conductive layer comprised of a metal such as
tungsten, aluminum, aluminum - copper, copper, or tungsten silicide, at a thickness between about
50 to 1000 Angstroms, via plasma vapor deposition (PVD), or via CVD procedures. If desired

the conductive layer can be comprised of an in situ doped polysilicon layer. The thickness of the

conductive layer in the spaces between STI regions is greater than the thickness of the conductive



(Hf 02), obtained at a thickness between about 15 to 300 Angstrons, via
nmetal organi c chem cal vapor deposition (MOCVD), or via atomc | ayer
chem cal vapor deposition (ALCVD) procedures. 12. The nethod of claim1,
wherein said gate insulator layer is conprised with a dielectric constant
bet ween about 7 to 100. 13. The nethod of claiml, wherein said conductive

gate structure is fornmed at a thickness between about 50 to 1000 Angstronmns,

and is conprised of a material chosen 5 froma group that includes;

al um num al um num - copper, copper, tungsten, tungsten silicide, or doped
polysilicon. 14. The nethod of claiml|, wherein said second insul ator
spacers are selectively renoved via wet etch procedures, using hot
phosphdayer oadlictopsurdare of theSTH régdonssthhis & blankst etch dack drithbmicalllaecharichiod of

claim1, wherein said |ightly doped source/drain regions are N type heavily

doped sguliskiag qCKIPY, pr&@i@Re%an BO4RH A fbrivi te HIRbABSRALEGR Rfe @rruﬁt‘%&' Selff
phosphorous 1ons 1 nplanted at an energy betmeen about 1 to 100 KeV, at a

dose befjug @J‘to@ql&%ﬁ% c]m EgﬁetuQe @ﬁ%@it(ﬁ’ﬁ {)Eﬁ)roéeguregh?ht{r&&bg&km claiml,

wherein said |1ght oped sourc aln

procedures used to remove thinner portions of conductive layer and of thinner high k layer from
the top surface of all STI regions is accomplished using anisotropic RIE procedures, using Cl, as
an etchant. This is schematically shown in Fig. 12. If desired a CMP procedure can also be used
to remove the thinner portions of the conductive layer from the top surface of the STI regions,
again resulting in definition of conductive gate structures, self-aligned to STI structures, with the
definition of the conductive gate structures again accomplished without the use of
photolithographic procedures.

Silicon nitride spacers 14, are now selectively removed from the sides of STI regions 13a,
and from the sides of STI regions 13b, via use of a hot phospheric acid solution. If desired
removal of silicon nitride spacers 14, can also be accomplished via a RIE procedure using Cl, or
CF, as a selective etchant for silicon nitride. Spaces 17, created by the removal of silicon nitride
spacers 14, exposing portions of P well region 2, and of N well region 3, will be subjected to ion
implantation procedures used to form N type LDD regions 18, in exposed portions of P well
region 2, and to form P type LDD regions 19, in N well region 3. Photoresist block out shapes
are used to protect each specific well region during implantation procedures performed to the
other specific well region. N type LDD regions 18, are obtained via implantation of arsenic or
phosphorous ions at an energy between about 1 to 100 KeV, at a dose between about 2E13 to

5E14 atoms/cm®, while P type LDD regions 19, are obtained via implantation of boron or BF;

10



15 heavily doped source/drain regions, obtained via inplantation of boron
or BF2 ions inplanted at a dose between about 2E13 to 5E14 atons/cne. 17.
The nethod of claiml, wherein said conposite insulator layer, located in
sai d space between said STl region and said conductive gate structure, is
.conprised of an underlying silicon oxide |ayer obtained at a thickness
bet ween about 30 to 1000 Angstrons via LPCVD or PECVD procedures, and
conprised of an overlying silicon nitride |ayer obtained at a thickness
bet ween about 50 to 1000 Angstrons via LPCVD or PECVD procedures. 18. A
met hod of fabricating a conplinentary netal oxide sem conductor (CMOXS),
devi ce on a sem conduct or substrate, wherein a gate structure is defined
sel f aliognatiart energydictwdeo abow@i lonSOM &N aud dédadetvaen aboypBBID! i t hogr aphi ¢
processing, conprising the steps of: formng a P well regionin a first

por ti onodF 18 aicthstai?i ARBADD REickY RSt s%H—ahEnéd&@@oﬁ&xcﬁ@&%%ﬁﬁesaﬁ N
channel netal oxide sen1conductor (NMOS), device of said devi ce,

for m ngy A MG ddpeds@itcd/Brath &ﬁ%ﬂ%g@ %éake(agmg%rglﬁqﬂ%ﬁe?em{g?om g‘h@ Fesult

substrate to be 19  used to acco dte
sem co ndHE tsg Ejro egures) dre s&xemaﬁca?ly sﬁown in Fig. 13.

Refilling of spaces 17, created by the removal of silicon nitride spacers 14, is next
addressed and schematically shown in Fig. 14. Silicon oxide layer 20, is first deposited to a
thickness between about 30 to 1000 Angstroms, via LPCVD or PECVD procedures. Silicon
oxide layer 20, lines the sides of conductive gate structures 16, as well as the sides of STI
regions 13a and 13b, however without completely filling spaces 17. Next silicon nitride layer 21,
is deposited at a thickness between about 50 to 1000 Angstroms, via LPCVD or PECVD
procedures, with the composite of silicon nitride layer 21, and silicon oxide layer 20, now
completely filling spaces 19. A photoresist shape, not shown in the drawings, is then used as an
etch mask to allow the portions of silicon nitride layer 21, to be removed from the top surfaces of
STl regions 13a, and 13b, leaving the composite insulator layer, comprised of silicon nitride
layer 21, and silicon oxide layer 20, only overlying conductive gate structures 16, as well as only
filling spaces 19. The etch procedure used to accomplish this is a RIE procedure, employing CF,
or Cl, as a selective etchant for silicon nitride. The photoresist shape used protect specific regions
during the silicon nitride removal procedure, is then removed via plasma oxygen ashing
procedures. If desired a CMP procedure can be used to remove the portions of silicon nitride
layer 21, from the top surface of the STI regions, while other portions of silicon nitride layer 21,

located on the shorter conductive gate structures, are left remaining,

11



10 CMOS device; formng conposite insulator structures on a top surface of
sai d sem conductor substrate, each conprised with an overlying silicon
nitride shape and with an underlying silicon dioxide shape; formng N type
heavi |l y doped source/drain regions in portions of said P well region 15 not
covered by said conposite insulator structures; formng P type heavily
doped source/drain regions in portions of said N well region not covered by
said conposite insulator structures; formng silicon oxide spacers on sides
of said conposite insulator structures, wth each silicon oxide spacer
overlying and covering a portion of a heavily doped 20 source/drain region;
defining shallow trench openings in portions of said sem conductor

substrat e rutrioeldiekdrbyll$| dyad@2pasnjrised nfsiliadnarxidt orbotaiplesplarsilieytesai d
silicon oxide spacers; filling said shallow trench openings with a silicon

oxi de | @ysiBPES)Iid hdrfddpdsitdiab aaMickic8bdwisdbali 50 tb 3800 AhLSorRSia MpEDEach
STl region conprised of a silicon oxide filled shallow trénch opening, and
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in portions of STI regions 13a, and 13b, exposing portions of the top surfaces of the heavily
doped source/drain regions in both P well region 2, and N well region 3. Openings 23, are
formed via a RIE procedure using CHFj; as a selective etchant for silicon oxide or BPSG,
therefore openings 23, butt silicon nitride component 21, of the composite insulator fill located in
spaces 17. The presence of silicon nitride component 21, offers protection to the conductive gate
structure and to the underlying high k gate insulator layer, during definition of openings 23, as
well as during subsequent metal silicide formation procedures. The result of the above
procedures is schematically shown in Fig. 15.

After removal of the photoresist shape used for definition of openings 23, via plasma
oxygen ashing procedures, a metal layer such as cobalt, nickel, titanium, or tantalum, is deposited
via PVD procedures, to a thickness between about 30 to 1000 Angstroms, An anneal procedure
is performed using either conventional furnace procedures, or via use of rapid thermal anneal
(RTA), procedures, resulting in formation of metal silicide on portions of the heavily doped
source/drain regions exposed in openings 23. The metal silicide layers are not shown in the

drawings. Portions of the metal layer located on the top surface of ILD layer 22, or on the inside

walls of openings 22, remain unreacted and are selectively removed via wet etch procedures. A

12



10 formng silicon nitride spacers on sides of said STl regions; formng a
hi gh dielectric constant (high k) gate insulator |ayer on portions of said
sem conduct or substrate not covered by said STl regions or by said silicon
nitride spacers; form ng a conductive gate structure on each high k gate
insulator layer with said 15 conductive gate structure self aligned to said
STl regions; renoving said silicon nitride spacers; formng N type lightly
doped source/drain regions in portions of said P well region exposed by
removal of said silicon nitride spacers, with each N type lightly doped
source/drain region |ocated adjacent to, and butting to an N type heavily
doped 20 source/drain region, which in turn is |ocated underlying an STI
r egi on;métalrlayengudh asywesienghnéxt ddppédd sielPViR odCHDprocegueast athigioress ons  of
said N well region exposed by renoval of said silicon nitride spacers, with
each P Heppeznlab@lttsng talSQ0BdA setiome/ dmpidicly 60ingropesiass 2 Rii@E M ihe Retaland
butting to a P type heavily doped source/drain region, which in turnis
| ocat edauhdRrthet R Bdth @ Qfack OF I H tayer B0 @E%SCM@ L}Jr&%ﬂin%;[ I%Eulli&#/ fof
conprised of an overlying silicon oxide |[ayer and an underlying sitTicon
nitrid ol n i Tl ion and .said conductive gate
ot r uct aPEh of bt ERER sREINEEMRER sltpilrer 28 Ih SBoRRR AOH B EAS coped
source drain regions; .deposjtin n interleyel dielectric (LLD . layer: 10
For m OB pEME e db PRt e BT 7 e P Pl Lo SRYS
portions of said 21 N type_heavil¥ doped source/drain regions, and to
expose ds¥icei nd overlyiagand qniagiies B omei P@Vl'gdﬁge@ﬂ soraededia regionside tyicatad in Nor mi ng
cobalt silicide |ayers on exposed portions of heavily doped source/drain
r egi on;wahmgioh 3f affthe AYIOfedadicest ruct ures in sai d openings, with said netal
structures | ocated

While this 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 the spirit or scope of the

invention.
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overlying and contacting said cobalt silicide |ayers. 19. The nethod of
claim 18, wherein the thickness of said overlying silicon nitride shape of
said conposite insulator |ayer, is between about 50 to 2000 Angstrons. 20.
The met hod of claim 18, wherein said N type heavily doped source/drain
regions are obtained via inplantation of arsenic or phosphorous inplanted
at an energy between about 1 to 100 KeV, at a dose between about 1E15 to
5E15 atons/cn2. 21. The nmethod of claim 18, wherein said P type heavily
doped source/drain regions are 5 obtained via inplantation of boron or BFz
ions inplanted at an energy between about 0.1 to 30 KeV, at a dose between
about 1E15 to 5E15 atons/cnR. 22. The nethod of claim 18, wherein said

si | i conWbxiiidelagpaider s are obt ai ned from deposition of a silicon oxide |ayer
via LPCVD or PECVD procedures at a thickness between about 50 to 1000
Angstrons, then defined via anisotropic R E procedures 22 10 using CHF3
as an etchant. 23. The nethod of claim 18, wherein said shallow trench

openings are fof BREok 8f Pabﬂ@a‘?ﬁx@ a t%ﬂ{?@ﬁ%nhlﬁ:@& ﬁe?%%@&@tré%gs%rr oms in said
sem conductor substrate, wth~ a taper between about to , via a RE
procedure usi ('R@O&‘:bﬁl')?ﬁev?cesoenl aes%trnii(\:/o%dgétgrhs%%gtrgtg rcox%ipll'iisi%g the steps of:
forming composite insulator structures on top surfaces of first portions of said
semiconductor substrate;
5 forming heavily doped source/drain regions in second portions of said semiconductor
substrate, not covered by said composite insulator structures;
forming first insulator spacers on sides of said composite insulator structures, with
each first insulator spacer overlying and covering a portion of a heavily doped
source/drain region;
10 defining shallow trench openings in portions of said semiconductor substrate not
covered by said composite insulator structures or by said first insulator spacers;
filling said shallow trench openings, and spaces between said composite insulator
structures with a first insulator layer, resulting in shallow trench isolation (STI) regions
with each STI region comprised of an underlying insulator filled shallow trench opening,
15 and comprised of an overlying first insulator shape located between composite insulator
structures, with said first insulator spacers located on sides of said composite insulator
structures, now a component of said overlying first insulator shape;

selectively removing said composite insulator structures;

forming second insulator spacers on sides of said STI regions;
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15 24. The nethod of claim 18, wherein said silicon oxide |layer used to
fill said shallow trench openings, is obtained via LPCVD or PECVD
procedures, at a thickness between about 30 to 500 Angstrons, using
tetraethylorthosilicate (TECS) as a source. 25. The nethod of claim 18,
wherein said conposite insulator spacers are renoved via R E procedures,
using CF4 or Cl2 as an etchant for silicon nitride, while using CHF3 as an
etchant for silicon dioxide. 26. The nethod of claim 18, wherein said
silicon nitride shapes of said conposite 5 insulator spacers are
selectively renoved via wet etch procedures using a hot phosphoric acid
solution. 27. The nethod of claim 18, wherein said silicon nitride spacers
are obt2l ned friomitgpasicinahatof lager o laipodivnriftsaid demicaydictorbutstibteinok ness

bet ween about 30 to 1000 Angstrons, 23 via LPCVD or PECVD procedures, and

via definiti cioverdt bg s&ld STNieRdng 8PbEsdl fecdfl PE@BLALaBerttsi Ng CF4 or Cl2 as an
etchant for silicon nitride. 28. The method of claim18, wherein said high

k gate insul at Ofonhﬁé?rcohéuc@lg ftb SECkuRb 8{?' %E?%.Za%sﬂlﬁ‘ét a%?ep Q‘EalﬁAgnﬁRl%g(ness

zi rconi um oxi de ni um oxi ned at a
et e ot AR B, oo chem el vap
removing said second insulator spacers;
forming lightly doped source/drain regions in portions of said semiconductor
5 substrate exposed by removal of said second insulator spacers, with each lightly doped
source/drain region located adjacent to, and butting to a heavily doped source/drain
region, which in turn is located underlying an STI region;
forming a composite insulator layer in space between said STI region and said
conductive gate structure, with said composite insulator layer overlying said lightly
10 doped source drain region;
depositing a second insulator layer;
forming openings in said second insulator layer and in said STI regions to expose
portions of said heavily doped source/drain regions;
forming metal silicide layers on exposed portions of said heavily doped source/drain
15 region; and
forming metal structures in said openings, with said metal structures located

overlying said metal silicide layers.
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15 (ALCVD) procedures. 29. The nethod of claim 18, wherein said high k gate
insulator layer is conprised with a dielectric constant between about 7 to
100. 30. The nethod of claim 18, wherein said conductive gate structure is
formed at a thickness between about 50 to 1000 Angstrons, and is conprised
of a material chosen froma group that includes; alum num alum num -
copper, copper, tungsten, tungsten silicide, or doped polysilicon. 31. The
nmet hod of claim 18, wherein said silicon nitride spacers are selectively
removed via wet etch procedures, using hot phosphoric acid as an etchant
for silicon nitride. 32. The nmethod of claiml 8, wherein said N type

| ightly doped source/drain regions are 24 obt ai ned via inplantation of
arseni ¢ or phasiheoraius] dfetsmilophereinediddongosieniangdyobstuseres @bosthprisetd of | 00
KeV, at a dose between about 2E13 to 5E14 atons/cne. 10 33. The net hod of

claim 18, whesedwriginkdilRoh Hipgdd shapy 4t¥ tHRRRHs BAWESLANNNAS (o 280D ARSstAnss,
obtained via inplantation of boron or BFz ions inplanted at a dose between
about  2fgl3 t OpaFlth REQIS A5 WaderRing fificon dioxide shape at a thickness between about 30

to 1000 Angstroms.

3. The method of claim 1, wherein said heavily doped source/drain regions are N type
heavily doped source/drain regions, obtained via implantation of arsenic or phosphorous
ions implanted at an energy between about 1 to 100 KeV, at a dose between about

1E15 to 5E15 atoms/cm?.

5 4. The method of claim 1, wherein said heavily doped source/drain regions are P type
heavily doped source/drain regions, obtained via implantation of boron or BF; ions
implanted at an energy between about 0.1 to 30 KeV, at a dose between about 1E15 to

5E15 atoms/cm®.

5. The method of claim 1, wherein said first insulator spacers are silicon oxide spacers,
10 obtained from deposition of a silicon oxide layer obtained via LPCVD or PECVD
procedures at a thickness between about 50 to 1000 Angstroms, then defined via

anisotropic RIE procedures using CHF; as an etchant.

6. The method of claim 1, wherein said shallow trench openings are formed to a depth
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between about 1500 to 7000 Angstroms, with a taper between about 75 to 90°, in said
semiconductor substrate, via a RIE procedure using SF; as a selective etchant for

silicon.

7. The method of claim 1, wherein said first insulator layer, used to fill said shallow
trench openings, is a silicon oxide layer, obtained via LPCVD or PECVD procedures, at
a thickness between about 30 to 500 Angstroms, using tetraethylorthosilicate (TEOS)

as a source.

8. The method of claim 1, wherein said composite insulator spacers are removed via
RIE procedures, using CF4 or Cl; as an etchant for silicon nitride, while using CHF; as

an etchant for silicon dioxide.

9. The method of claim 1, wherein said silicon nitride shapes of said composite insulator
spacers are selectively removed via wet etch procedures using a hot phosphoric acid

solution.

10. The method of claim 1, wherein said second insulator spacers are silicon nitride
spacers, obtained from deposition of a silicon nitride layer at a thickness between about
30 to 1000 Angstroms, via LPCVD or PECVD procedures, then defined via anisotropic

RIE procedures using CF4 or Cl; as an etchant.
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13. The method of claim 1, wherein said conductive gate structure is formed at a
thickness between about 50 to 1000 Angstroms, and is comprised of a material chosen
5 from a group that includes; aluminum, aluminum - copper, copper, tungsten, tungsten

silicide, or doped polysilicon.

14. The method of claim 1, wherein said second insulator spacers are selectively
removed via wet etch procedures, using hot phosphoric acid as an etchant for silicon

nitride,

10 13. The method of claim 1, wherein said lightly doped source/drain regions are N type
heavily doped source/drain regions, obtained via implantation of arsenic or phosphorous

ions implanted at an energy between about 1 to 100 KeV, at a dose between about
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2E13 to 5E14 atoms/cm®.

16. The method of claim 1, wherein said lightly doped source/drain regions are P type
heavily doped source/drain regions, obtained via implantation of boron or BF, ions

implanted at a dose between about 2E13 to 5E14 atoms/cm®.

17. The method of claim 1, wherein said composite insulator layer, located in said space
between said STI region and said conductive gate structure, is comprised of an
underlying silicon oxide layer obtained at a thickness between about 30

to 1000 Angstroms via LPCVD or PECVD procedures, and comprised of an overlying
silicon nitride layer obtained at a thickness between about 50 to 1000 Angstroms via

LPCVD or PECVD procedures.

18. A method of fabricating a complimentary metal oxide semiconductor (CMOS),
device on a semiconductor substrate, wherein a gate structure is defined self-aligned to
isolation regions without the use of photolithographic processing, comprising the steps
of:

forming a P well region in a first portion of said semiéonductor substrate to be used
to accommeodate an N channel metal oxide semiconductor (NMOS), device of said
CMOS device;

forming an N well region in a second portion of said semiconductor substrate to be
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used to accommodate a P channel metal oxide semiconductor (PMOS), device of said
CMOS device;

forming composite insulator structures on a top surface of said semiconductor
substrate, each comprised with an overlying silicon nitride shape and with an underlying
silicon dioxide shape;

forming N type heavily doped source/drain regions in portions of said P well region
not covered by said composite insulator structures;

forming P type heavily doped source/drain regions in portions of said N well region
not covered by said composite insulator structures;

forming silicon oxide spacers on sides of said composite insulator structures, with
each silicon oxide spacer overlying and covering a portion of a heavily doped
source/drain region;

defining shallow trench openings in portions of said semiconductor substrate not
covered by said composite insulator structures or by said silicon oxide spacers;

filling said shallow trench openings with a silicon oxide layer resulting in shallow
trench isolation (STI) regions, with each STI region comprised of a silicon oxide filled
shallow trench opening, and comprised of an overlying silicon oxide shape located
between said composite insulator spacers, and with silicon oxide spacers previously
located on sides of said composite insulator structures, now located on sides of, and a
component of said overlying silicon oxide shape;

selectively removing said composite insulator structures;
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10

forming silicon nitride spacers on sides of said STI regions;

forming a high dielectric constant (high k) gate insulator layer on portions of said
semiconductor substrate not covered by said STI regions or by said silicon nitride
spacers;

forming a conductive gate structure on each high k gate insulator layer with said
conductive gate structure self-aligned to said STI regions;

removing said silicon nitride spacers;

forming N type lightly doped source/drain regions in portions of said P well region
exposed by removal of said silicon nitride spacers, with each N type lightly doped
source/drain region located adjacent to, and butting to an N type heavily doped
source/drain region, which in turn is located underlying an STI region,;

forming P type lightly doped source/drain regions in portions of said N well region
exposed by removal of said silicon nitride spacers, with each P type lightly doped
source/drain region located adjacent to, and butting to a P type heavily doped
source/drain region, which in turn is located underlying an STI region;

fonﬁiﬁg a composite insulator layer comprised of an overlying silicon oxide layer
and an underlying silicon nitride layer, in spaces between said STI region and said
conductive gate structure, with said composite insulator layer overlying lightly doped
source drain regions;

depositing an interlevel dielectric (ILD) layer;

forming openings in said ILD layer and in said STI regions to expose portions of said
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doped source/drain regions;

forming cobalt silicide layers on exposed portions of heavily doped source/drain
region; and
15 forming metal structures in said openings, with said metal structures located

overlying and contacting said cobalt silicide layers.

19. The method of claim 18, wherein the thickness of said overlying silicon nitride shape

of said composite insulator layer, is between about 50 to 2000 Angstroms.

20. The method of claim 18, wherein said N type heavily doped source/drain regions are
obtained via implantation of arsenic or phosphorous implanted at an energy between

about 1 to 100 KeV, at a dose between about 1E15 to S5E15 atoms/cm>.

21. The method of claim 18, wherein said P type heavily doped source/drain regions are
5 obtained via implantation of boron or BF; ions implanted at an energy between about

0.1 to 30 KeV, at a dose between about 1E15 to SE15 atoms/cm?.

22. The method of claim 18, wherein said silicon oxide spacers are obtained from
deposition of a silicon oxide layer via LPCVD or PECVD procedures at a thickness

between about 50 to 1000 Angstroms, then defined via anisotropic RIE procedures
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10 using CHF; as an etchant.

23. The method of claim 18, wherein said shallow trench openings are formed to a
depth between about 1500 to 7000 Angstroms in said semiconductor substrate, with a
taper between about 75 to 90° via a RIE procedure using SFg as a selective etchant for

silicon.

15 24. The method of claim 18, wherein said silicon oxide layer used to fill said shallow
trench openings, is obtained via LPCVD or PECVD procedures, at a thickness between

about 30 to 500 Angstroms, using tetraethylorthosilicate (TEQS) as a source.

25. The method of claim 18, wherein said composite insulator spacers are removed via
RIE procedures, using CF4 or Cl, as an etchant for silicon nitride, while using CHF; as

an etchant for silicon dioxide.

26. The method of claim 18, wherein said silicon nitride shapes of said composite
5 insulator spacers are selectively removed via wet etch procedures using a hot

phosphoric acid solution.

27. The method of claim 18, wherein said silicon nitride spacers are obtained from

deposition of a silicon nitride layer at a thickness between about 30 to 1000 Angstroms,
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via LPCVD or PECVD procedures, and via definition using an anisotropic RIE

10 procedure using CF4 or Cl; as an etchant for silicon nitride.

28. The method of claim 18, wherein said high k gate insulator layer is comprised of
either aluminum oxide (Al,O;3), zirconium oxide (Zr0O,), or hafnium oxide (HfO,),
obtained at a thickness between about 15 to 300 Angstroms, via metal organic
chemical vapor deposition (MOCVD), or via atomic layer chemical vapor deposition

15 (ALCVD) procedures.

29. The method of claim 18, wherein said high k gate insulator layer is comprised with a

dielectric constant between about 7 to 100.

30. The method of claim 18, wherein said conductive gate structure is formed ata
thickness between about 50 to 1000 Angstroms, and is comprised of a material chosen
from a group that includes; aluminum, aluminum - copper, copper, tungsten, tungsten

silicide, or doped polysilicon.

5 31. The method of claim 18, wherein said silicon nitride spacers are selectively removed

via wet etch procedures, using hot phosphoric acid as an etchant for silicon nitride.

32. The method of claim 18, wherein said N type lightly doped source/drain regions are
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obtained via implantation of boron or BF; ions implanted at a dose between about 2E13

to 5SE14 atoms/cm?.
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