Y P d.' 8 SP 2094 SELF ALI GNED T- TOP GATE PROCESS INTEGRATICN BACKGROUND
OF THE I NVENTION (1) Field of the Invention Thg |nvent|o? re:ath to the
fabrication of integrated circuit devices, and nore particularly,
net hod for form ng g T-Top gate el ectrode structure. (2) Descri phﬁ)ﬁEBfmﬂ
the Prior Art Field Effect Devices (FET's) form in the creation of
seni ¢onduct or devices, an inportant class of devices that has, as a
' consequence, received a considerable anpunt of attention in its _
construction and the many refinenments that have been applied to this
construction. The gate electrode structure forms an essential part of FET
devi ces, this gate eEBEtxLImAEL Tereat eATE UsSRAEILARIECRE@8AP! | cations of
phot ol i t hography combined with etch processing steps. This sequence of
processing steps is relatively conplex and does therefore require close
control of tolerances for the proper alignnents of the various features

that are being created. | mrokceouNal bgnmentinveskiron i n i ncreased yield
| oss and potential problenms of device reliability. A nethod therefore that
simplifies this process and that nmakes the process |ess dependent on the

i nherent chal | enge of using
(1} Field of the Invention
The invention relates to the Ffabrication of integrated

circuit devices, and more particularly, to a method for forming a

T-Top gate electrode structure.

(2) Description of the Prior Art

Field Effect Devices (FET’s) form, in the creation of
semiconductor devices, an important class of devices that has, as
a consequence, received a considerable amount of attention in its
construction and the many refinements that have been applied to
this construction. The gate electrode structure forms an
essential part of FET devices, this gate electrode is created
using repetitive applications of photolithography combined with
etch processing steps. This sequence of processing steps is
relatively complex and does therefore require close control of
tolerances for the proper alignments of the various features thét
are being created. Incorrect alignment results in increased yield
loss and potential problems of device reliability. A method
therefore that simplifies this process and that makes the process

less dependent on the inherent challenge of using




13 SEP 2004 photolithography alignnents and the therewith associ ated steps
of plasma etching (a potential source for plasma damage to exposed
surfaces) will enhance gate el ectrode production sequences and inprove
gate el ectrode yields, thereby reducing the cost of the deV|c§.3Eﬁ9 B4 N
thrust of the refinenents that have been applied to these devices has been
provided by the continued decrease in device size, which |eads to
continued device inprovenments. In its sinplest form the FET consists of a
gate el ectrode structure, typically forned of polysilicon, that is fornmed
on the surface of a |layer of gate oxide that has been deposited on the

surface phoBolsemb@PHiCa0k gaMbst & atea 98! fraldegned Méé&beHEéﬂyﬂgﬁgn%Fto

the gate electrode are two regions in the surface of the substra

opposi t eptesacéttiing teP@otBAti Al esdf &S 1R 19238t HEn nGe ARdseihe
dPgin regi ons. Poin;¥lof el ectrical contact are established f%ﬂihe source

and drai Buregteas wil1addihhhed §oré e S fRke redhePi off sdNferale sglect r ode.
Wth the conti nued decrease in device dinensions, it has ~ becone

i nCreasi REbyo O $a idTRAlCRRbAE Oy & 1ls SHHEHDAS rbQLRI AP 815 Jd1al rfakgcaused
by m salignments between the-successive nask patterns that are applied to

create FEdvieyices. It is for instance of great inportance that the source
and drain regions

The main thrust of the refinements that have been applied to
these devices_has been provided by the continued decrease in
device size, which leads to continued device improvements. In its
simp;est form, the FET consists of a gate electrode structure,
typically formed of polysilicon, that is formed on the surface of
a layer of gate oxide that has been deposited on the surface of a
semiconductor substrate. Self-aligned with and adjacent to the
gate electrode are two regions in the surface of the substrate of
opposite conductivity type that are referred to as the source and
the drain regions. Points of electrical contactrare established
to the source and drain regions in addition to the surface region

of the gate electrode.

With the continued decrease in device dimensions, it has
become increasingly more important to find solutions to problenms
that are caused by misalignments between the-successive mask
patterns that are applied to create FET devices. It is for

instance of great importance that the source and drain regions




24 - 8,SEP 2004 are in good alignment with the gate electrode, it is also
of great inportance that regions to which electrical contacts are to be
established are in good alignnment in order to assure electrical isg gt om:
and the avoidance of electrical shorts between these regions. By using the
body' of the gate electrode as a mask during ion inplantation for the
creation of the source and drain regions, good alignnent can be obtained
for these regions. To separate the source/drain contacts fromthe contact
that is established with the surface of the gate el ectrode, gate spacers

are created dm gded sidepaldrt ofi thhengabgcel 8c£0683e,Taf Urd harlso educe
contact resistance with the points of electrical contact of the gate

el ectr odgreihemfpSonid vHeg eR%idhs 88l ikt dede1 TS o415 AGGARI shed
form ng grzilicide filmof a ngﬁél that has a H%g% é?‘tlng p0|ﬁt o% F%ﬁse

surf acesbe Aodt 431 SHBAIdL1GE bbbl SqniBRE! ¥n USEE A% Rl el ting
point silicide filmwhile cobalt silicide and nickel silicide film have

also beearéguesid 0alfhar 1 bhe BaskhesHoELa20L PTG SALhCIAgd cont act

| ayers can be achieved due to the fact that certain netals, SUC

Si 1 oon, e G Pl AT Bndact e Totf B e e 2BAFARE 0Pt he

silicon. This reactionforns c uctrve si es over .

Fori o 25 AL e UL B85 1Pk ERF LML LR Q81088 By
drain regions, good alignment can be obtained for these regions.
To separate the source/drain contacts from the contact that is
established with the surface of the gate electrode, gate spacers
are created on the sidewalls of the gate electrode. To Ffurther
reduce contact resistance with the points of electrical contact
of the gate electrode, these contact regions are salicided. This
is accomplished by forming a silicide film of a metal that has a
high melting point on these surfaces. A titanium silicide film is
mainly used as the high melting point silicide film while cobalt
silicide and nickel silicide film have also been investigated.
The basic success of forming salicided contact layers can be
achieved due to the fact that certain metals, such as titanium or
cobalt, react when heated while they are in contact with silicon.
This reaction forms conductive silicides over the surface of the
silicon while the metal however does not react with silicon
oxides. By forming silicon oxide spacers on the sidewalls of the

gate electrode, the deposited metal does not interact with the

sidewalls of the gate electrode and separate points of electrical




gat e electrode, the deposited metal does not interact with the sidewalls
of the gate electrode and separate points of electrical 3 i $ SEP 2004
contact can be formed for the source/drain regions and the syrfacg of th&
gate el ectrode. For the operation of a FET device, an electrical w@l@ﬁf’g@_ fs
appl i ed between the source and the drain regions. Very little current will
flow as a result of this electrical voltage because one of the two
interfaces (PN junctions) that exist between the underlying silicon
substrate and the source/drain regions will always be back biased. The

regi on ofcdrtecsi bbnoneSﬂbsméaIfbffEﬂeEﬁadﬁdéAMywithaEhtheaﬂ@t@h@'ECFVOde
can however be electrically r controlled (biased) ereby the mnority

carriers suhdlacar f phesgatei @lébisod£gi on (the channel region) are
increased to a level that is sufficiently high such that this region
assumes the same conductivity type as the source/drain regions and, as a
consequence, current can flow nore freely. Inproved FET device perfornance

i's achi eved byot-edHei Bgethei shagnel pEngdyiQk,thg egﬁ¥£ff?¥biééﬁta eciﬁ
C he

si mul t aneously keeping the resistance between the annel " region an
sour ce/ diagipd i beJbeBFeas meghs&&a@?a%dolt%e abtaen! REL8ELOPI$LLT VE {81 o

acconpl i shed by the introduction o
current will flow as a result of this electrical voltage because
one of the two interfaces (PN junctions) that exist between the
underlying silicon substrate and the source/drain regions will
always be back biased. The region of the silicon substrate that
exists underneath the gate electrode can however be electrically
controlled (biased) whereby the minority carriers that are
present in this region (the channel region) are increased to a
level that is sufficiently high such that this region assumes the
same conductivity type as the source/drain regions and, as a
consequence, current can flow more freely. Improved FET device
performance is achieved by reducing the channel length of the
device while simultaneously keeping the resistance between the
channel region and the source/drain regions as high as possible.
The latter objective is accomplished by the introduction of
- Lightly Doped Drain (LDD) regions that extend from both sides of
the gate electrode with a very light (and not deep) implant into.

the surface of the substrate.



. Li ghtlhy Doped Drain (LDD) regions that extend fromboth sides of the gate
electrode with a very light (and. not deep) inplant into. the surface of
the substrate. 4 | 'S SEP 2004 t The formation of an n-type channel MOS
device that has salicided source/drain contacts in addition to sabi&hRieg
gate electrode will be detailed in the follow ng section. The process
starts with a clean, blank p-type seniconductor surface into which field
i sol ationtregions of for instance thick oxide are provided. The field
i sol ation regions bound and define the active regions in the surface of
the substrate. Another nethod of bounding the active areas in the surface
of the substratbectormasiabldShnr egitgns ohatihel IMds Hesriel kiakahhen in the
surface of the substrate. Next a thin layer of gate oxide is grown over
the surf&ediofidefiesowbst fdrtadnbyontartsnsh andd; tits iy saLhedacal gatier nal
oxi dation. A layer of polysilicon is then deposited over the gate oxide
| ayer, thidertyede ofipblhe icetpridedded whé NE6l Towirg pRcEBAUCTHYI b¥oa8Es
patterned thereby form ng the body of the gate electrode. The etch to form
t he body etathe @itk ®ldctangddlanknpyegpd heethdyRidaw@it ROy randet herbayer of
gate oxide in accordance with the pattern of the gate el ectrode. An n-type
i on which field isolation regions of for instance thick oxide are

provided. The field isolation regions bound and define the

active regions in the surface of the substrate. Another method of

bounding the active areas in the surface of the substrate can

establish regions of Shallow Trench Isolation in the surface of

the substrate. Next a thin layer of gate oxide is grown over the

surface of the substrate by, for instance, using methods of

thermal oxidation. A layer of polysilicon is then deposited over

the gate oxide layer, this layer of poly is provided with a n-

type conductivity and patterned thereby forming the body of the

gate electrode. The etch to form the body of the gate electrode

removes the layer of poly and the layer of gate oxide in

accordance with the pattern of the gate electrode. An n-type ion

implant is performed into the surface of the substrate that is

self-aligned with the body of the gate electrode, this implant

forms the LDD regions of the gate electrode. Gate spacers are

next formed in the sidewalls of the body of the gate electrode by -

a blanket CVD deposition of a layer of silicon oxide over the

surface of the gate electrode and its surrounding area. The layer

of silicon oxide is anisotropically etched thereby forming the




inplant is performed into the surface of the substrate that is
self-aligned with the body of the gate electrode, this inplant forns the
LDD regions of the gate electrode. Gate spacers are next formed in the
sidewal I s of the body of the gate el ectrode by a blanket CVD dep@s $Eorllf
a layer of, silicon oxide over the surface of the gate electrode and its
surroundi ng area. The layer of silicon oxide is anisotropically etched
thereby formng the 51 L' 3 SEP 2004 gate spacers. A second (relatively
deep and heavily doped) n--type inplant is performed into the surface of
the substrate, thereby formng the source/drain regions of the gate
el ect rode 92EFeEPRFRET - doritarany rlerdphiveledesr abid dtvadinivt Hophd) n-type
source/drain_regions and the surface of the gate electrode. A |ayer of
refract or pRReRAF i3 PRBiatledldpssi the andface subjmet edbstoaseheabereby
treatnment. This heat treatnent causes the layer of refractory netal to
react witROFRENGntRe | SHFa/dpadnottepdbysantl thdheyamdenlepitmgdsur f ace of the
source and drain regions whereby this layer of refractory netal is fully
converted tao a reacted refractory netal or silicide over these regions.
The unreacted refractory netal has not forned silicide and is therefore
removed (esseft¢clticdl omnthetsurémainoto tihe gettadldisketr adlehspaser s)
| eaving the silicided netal in place over the surface of the

source/drain regions and the surface of the gate electrode. A

layer of refractory metal is blanket deposited and is subﬁected
Lo a heat treatment. This heat treatment causes the layer of
réfractory metal to react with thé underlying layer of poly and
the underlying surface of the source and drain regions whereby
this layer of refractory metal is fully converted to a reacted
refractory metal or silicide over these regioﬁs. The unreacted
refractory metal has not formed silicide and is therefore removed
{essentially from the surface of the gate electrode spacers)
leaving the silicided metal in place over the surface of the

source/drain regions and over the surface of the gate electrode.

The Prior Art gate electrode can then be completed by
depositing a layer of dielectric over the surface of the
structure, by etching openings through this layer of dielectric
whereby these openings align with the source/drain regions and.. ..
with the top surface of the gate electrode. A layer of metal is
then blanket deposited over the surface of the layer of

dielectric thereby including the created openings. This latter



sour ce/«drain regions and over the surface of the gate el ectrode. The Prior
Art gate electrode can then be conpleted by depositing a |ayer of
dielectric over the surface of the structure, by etching openings through
this layer of dielectric whereby these openings align with the &3 SkP 2004
source/drain regions and.. with the top surface of the gate el ectrode. A
| ayer of netal is then blanket deposited over the surface of the | ayer of
dielectric thereby including the created openings. This latter 6 -3SEEP2004
| ayer of netal is patterned and etched thereby creating electrical
contacts with the source/drain regions of the gate electrode in addition
to el ect rie¥sr cohtreadalnilshpeheetmgd sand aoerheaf theeecpat erehecig ode. These
three contact points are typically connected to a surroundi ng network of
i nt er conn@kRCheitedl |dongectySvELIB0thd G8{ures)/ dshans raggahe VP
simlar to the process of the invention. US 5,943, 576( Kapoor) shows an
i nverse getectiiade sindewdiitispacerepraosssnl dSn5a269w30R(Pad Bbp adudr LM
shows a pol yci de gate el ectrode process. US 5,963,818(Kao et al.) shows a
combi ned STithdatenriecheodat Ietectinie poatess. pblinbs 83de Gl A4y et
al.) shows a STI process.

connected to a surrounding network of interconnect metal lines.

US 5,600,168 (Lee) shows a gate CMP process similar to the

process of the invention.

US 5,943,576 (Kapoor) shows an inverse gate with sidewall

Spacer process.

US 5,969,396(Pan et al.} CSM shows a polycide gate electrode

process.

US 5,963,818(Kao et al.) shows a combined STT and damascene

gate electrode process.
Us 5,837,612{Ajuri et al.) shows a STI process.
SUMMARY OF.THE INVENTION

A principle objective of the invention is to provide a

method of forming gate electrodes that provides a protective



SUMVARY. CF. THE | NVENTI ON A principle objective of the inventionis to
provide a nethod of form ng gate el ectrodes that provides a protective 7

3 SEP 2004 nitride filmthat protects the gate oxide |ayer during front-end
gate processing. Another objective of the invention is to provide= e
that allows selective masking for the exposure of the active device area
for the formation of silicided |ayers. Yet another objective of the
invention is to provide a nethod that negates the need for very high
definition . photolithography for the formation of extrenely narrow gate
structures. A still further objective of the invention is to elimnate the
need for pil&sideefthm durdtngpfotenttsentiepyacessinge thefeburehiyNepaht Dend
source of surface damage to the gate oxide. A still further objective of

t he i nvengiaba Psotessituce the path of the | eakage current between the
gate structure and the source/drain regions of the gate by elimnating the
exposure of the nitride spacer material to the deposition or formation of
the Ti/Co nmetal that is deposited during the process of salicidation. In

accordance w thn¢tieeobjtepidiies off the iRAvEMtidD i& R@Wprovide a method
that allows selective masking for the exposure of the active

device area for the formation of silicided layers.

Yet another objective of the invention is to provide a
method that negates the need for very high definition
photolithography for the formation of extremely narrow gate

structures.

A still further objective of the invention is to eliminate
the need for plasma etch during front-end processing thereby

eliminating a source of surface damage to the gate oxide.

A still further objective of the invention is to reduce the
path of the leakage current between the gate structure and the
source/drain regions of the gate by eliminating the exposure of
the nitride spacer material to the deposition or formation of the

Ti/Co metal that is deposited during the process of salicidation.,

In accordance with the objectives of the invention a new

method is provided for the integration of a T-top gate electrode




met hod .is provided for the integration of a T-top gate el ectrode 11 8 SEP
2M4 process. A layer of pad oxide is grown. over the surface of a silicon
substrate, a layer of nitride is deposited over the layer of pad oxide. A
photoresist mask is created on the surface of the layer of nitride3fanP the
formati on of shallow Trench Isolation (STl) regions that bound and define
the active region in the surface of the substrate. The trenches for STI
‘regions are etched through the |ayer of nitride, pad oxide and into the
surface of the substrate. The STl trenches are filled after which the
patterned |layer of nitride is renoved fromthe surface of the |ayer of

) i des b.S 4 o) i a | ayer
gat e oxi deroddss | ayakyelk padpQXi &8ids :L@%_E%%E yed s%%’%%é[)‘ég%‘%

of sacrificial oxide over the exposed su t he su | owed by

the depossiipsordfsubsthbRel ayer O¢ LI3id8 deh3l GOMSL s+ Lhe, s face jof the
creategulayer of sacrificial %ggﬁe and the surfacé o? tﬁéj§¥f f egi 6AS.. The

advant ageopfpddh@dilicn hayrbrOfe M $¢ in%HAS.’Llst bﬁ*‘ea’i:?!i?r i, | sai}/dnga}cgé é)epitthri de
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protects.the surface of the STl oxide. ayer o oXi oslIt ed,

the thicknegs: off bhicsihay by of nd Bt 140 o%q%ﬁéﬁ%ébe‘rpgril hFISOJ&eattggslrx?ggeand

structure that needs to be forned. A layer o toresrst i's dep sited an
patt er nedi el )ngey1RLCERSE ol A RRE dI9nePnS" §RELDY SOFIENES, R De 1oy

of photoresis |
surface of the substrate. The trenches for STI regions are etched
through the layer of nitride, pad oxide and into the surface of
the substrate. The STI trenches are filled after which the
ﬁpatterned layer of nitride is removed from the surface of the
layer of gate oxide. The 1éyer of pad ogide is removed followed
{by‘growing a layer of sacrificial oxide over the exposed surface
of the substrate followed by the deposition of a thin layer of
nitride that covers the surface of the created layer of
sacrificial oxide and the surface of the STT regions. The
advantage of the thin layer of nitride is that this thin layer of
nitride protects the surface of the STI oxide. A layer of TEOS
oxide is deposited, the thickness of this layer of TEDOS oxide
equals the height of the gate structure that needs to be formed.
A layer of photoresist is deposited and patterned using a reverse
gate mask thereby creating openings in the layer of pholtoresist
where the layer of TEOS oxide must be etched. The  layer of TEOQOS
oxide is etched in accordance with the pattern that has been

created in the layer of photoresist, gate spacers are next formed

by the deposition and etching of a thin layer of gate spacer

v



where the layer of TEOS oxide must be etched. The layer of TECS oxide is
etched in accordance with the pattern that has been <created in the |ayer

of photoresist, gate spacers are next forned by the deposition and'k.% SEPgs |,
of a thin |ayer of gate spacer 9 3 SEP Mnitride | eaving gate spacers on

the sidewalls of the openings that have been created in the | ayer of TECS.
The required inplants (such as channel inplant and threshold inplant) are
performed, the gate structure is then grown in the openings that have been
created in the layer of TECS oxide. This growing of the gate structure

starts with growing the gate oxide layer at the bottom of the openings

fol I owed dirtike pesshbheqdeposiddan ofn (3 }saaéﬁai_)f‘é réfrtﬂﬁayo%’eixfi%l uch as
S.

TaN), followed by the deposition of suitable gate materia I the

gate StruHdt &aRas bhesNcrEorMl el thnd e SUr [acesgl  the, SLeql dstructure is

polished and the remaining |ayer of TECS oxide 1S renove our ce and

drain regmentsMkash 5S Dowmper foedy LER Eﬁgégﬁ'lé”fﬁéﬂ$ﬁ§nted using a

tilt inplant that is tilted wth respect to the surface & Gostrat e.

I 11 sk Penet st e LIRS LA, 000N. 61y e Creiled ofle,

structures thereby creafing the L regi ons. reno

ocat od {1 e et PUSr o0 oh B e S SEHS ori e S ariinpgt the

|l ocated in the active region € surfa
add't'On@%tét%EELHES?etg%grégngath growing the gate oxide layer at the

bottom of the openings followed by the possible deposition of
suitable barrier layers (such as TaN}, followed by the deposition
of suitable gate materials. After the gate structure has been
completed, the surface of the created structure is poliéhed and
thé?remaining layer of TEOS oxide is removed. Source and drain
regions implant is now performed, LDD regions are implanted using
a tilt implant that is tilted with respect to the surface of the
substrate. This tilt implant penetrates underneath the body of
the created gate structures thereby creating the LDD regions. The
removal of the layer of TEOS oxide leaves in place the gate
structures, one such structure is located in the active region of
the surface of the substrate, two additional structures that have

been created on the surface of the S8TI regions.

i0



been created on the surface of the STI regions. 10 3 S E P 2094 BRI EF
DESCRI PTI ON OF THE DRAW NGS Figs. 1 through and including Fig. 13 address
the process of the invention, as follows: Fig. 1 shows a cross sec;%QQEQBMM
a silicon substrate over which a |ayer of pad oxide has been grown, “a

| ayer of nitride has been deposited over the |ayer of pad oxide, Fig. 2
shows the cross section after a | ayer of photoresist has been deposited
and patterned creating openings in the layer of-photoresist that align
with the to be created STl regions, Fig. 3 shows the cross section after
the trenches for the STl regions have been created, Fig. 4 shows the cross
section after the STl trenches have been filled and CVP has been
conpleted, Fig. 5 shows the cross section after the layer of nitride has

been renoved fromthe supkage ofséherPask @F d@r biadrocE P KO4 Fig. 6 shows
the cross section after the | ayer of pad oxide has been renoved, another

| ayer of SAC oxi de has been grown followed by the deposition of a thin
| ayer of nitride, Fig. 7 shows the cross section after a | ayer of TEGCS has

) . Figs. 1 through and including Fig. 13 address the process of

the invention, as follows:

Fig. 1 shows a cross section of a silicon substrate over
which a layer of pad oxide has been grown, a layer of nitride has

been deposited over the layer of pad oxide,
Fig. 2 shows the cross section after a layer of photoresist
has been deposited and patterned creating openings in the layer

of ‘photoresist that align with the to be created STT regions,

Fig. 3 shows the cross section after the trenches for the

STI regions have been created,

Fig. 4 shows the cross section after the STT trenches have

been filled and CMP has been completed,

Fig. 5 shows the cross section after the layer of nitride -

has been removed from the surface of the rad oxide,

11



been degposited over the thin layer of nitride, Fig. 8 shows the cross
section after a layer of photoresist has been deposited and patterned for
the formation of openings in the |ayer of TECS where gate el ectrodes need

to be fornmed, Fig. 9 shows the cross section after the |ayer of TE%E*?%&M
been etched thereby creating openings in the layer of TEGCS for th
formation of gate electrode structures, the patterned |ayer of photoresist
has been renoved fromthe surface of the layer of TEGCS, Fig. 10 shows the
cross section after a layer of gate spacer nmaterial has been deposited,
Fig. 11 shows the cross-section after the gate spacers have been fornmed on

the sidewal | s Byt e shpesi hhs vhese gaite el %&ﬁ;b@dehesléﬁéﬂ: WeHR! &L%de
created, 12 2W Fig. 12 shows the cross section after the structure of the

gate el echandeerhasnbsed, f anaele Anthidie drayar okidEQS: Hasedees oienoved,
LDD and source/drain region inplants have al so been perforned, and Fig. 13

shows thefellosedent ithr dépbhet o eleddat @ayekestr @fersid uct ures
overlying the active region in the surface of the substrate and overlying
the STI regions. DESCRIPTI ON OF THE PREFERRED EMBCDI MENTS

Fig. 7 shows the cross section after a layer of TEOS has

been deposited over the thin layer of nitride,

Fig. 8 shows the cross section after a layer of photoresist
has been deposited and patterned for the formation of openings in

the layer of TEOS where gate electrodes need to be formed,

.Fig. 9 shows the cross section after the layer of TEOS has
beengetched thereby creating openings in the layer of TEOS for
the formation of gate electrode structures, the patterned layer
of photoresist has been removed from the surface of the layer of

TEQS,

Fig. 10 shows the cross section after a layer of gate spacer

‘material has been deposited,

Fig. 11 shows the cross-section after the gate spacers have ... . ...
been formed on the sidewalls of the openings where gate electrode

structures are to be created,

12



Referrimg now specifically to Fig. 1, there is shown the cross section of
a silicon substrate 10 over which a thin layer 12 of pad oxi de has been
grown, a layer 14 of nitride has been deposited over the surface of the

| ayer 12 of pad oxide. The layer 12 of pad oxide is deposited on t[aeBB&Pe?W'
silicon after the silicon surface has been cleaned. The | ayer consists of
an about 50 to 500 Angstromthick |ayer of Si02 and can be thermally grown
on the surface of the wafer. The purpose of this layer is to cushion the
transition of the stress between the silicon substrate and the
subsequent |y deposited |layer 14 of nitride. In general, the thicker the

| ayer 12 of paBiexi te,shins Hhessredgeskotienisrihet ngd sans@chi-edokr pat he
nitride 14 to the 13 - 3 SEP 2004 silicon substrate 10. On the other hand,
a thick | 8péf elepbredexilde Widen femded ahe mid rided ayersb4d haefhesti ve as
an oxidation mask by allowing |lateral oxidation to take place. Therefore,

the m ni nusmpuedoxilbie drthtsonivide /avaid +&eidormsionohavdi shegatiops shoul d
be used. Typically, a blanket pad oxide can be forned to a thickness of"

about 150pAngstmen tdwdugh a thernmal oxidation nethod at a tenperature of
about 900 degrees C. for a tine period of about 10 to 20 m nutes. The
| ayer 12 of thin oxide can also be created using conventional deposition
technol ogy and can, for instance, be deposited using PECVD procedures at a
Fig. 13 shows the cross section of the completed gate
electrode structures overlying the active region in the surface

of the substrate and overlying the STI regions.
DESCRIPTION OF THE PREFERRED EMBODIMENTS

Referring now specifically to Fig. 1, there is shown the
Cross section of a silicon substrate 10 over which a thin layer
12 of pad oxide has been grown, a layer 14 of nitride has been

deposited over the surface of the layer 12 of pad oxide.

‘The layer 12 of pad oxide is depositéd on the bafe silicon
after the silicon surface has been cleaned. The layer consists of

an about 50 to 500 Angstrom thick layer of SiO2 and can be
thermally grown oq the surface of the wafer. The purpese of this
layer is to cushion the transition of the stress between the .
silicon substrate and the subsequently deposited laver 14 of
nitride. In general, the thicker the layer 12 of pad oxide, the

less edge force is being transmitted from the nitride 14 to the

13




t enmper at ure of between about 350 and 450 degrees C. to a thickness between
about 125 and 150 Angstromusing TECS or SiH4 as a source. The |ayer 14 of
silicon nitride (Si3N 4) can be deposited using LPCVD or PECVD pro.gscgtrpe%m
at a pressure between about 200 mforr and 400 niforr, at a tenperattutre
bet ween abhout 600 and 800 degrees C.,.to a thickness of about 1500 to 3000
Angstromusing NH3 and SiH4 or Si Cl2H2. The silicon nitride |ayer 14 can
al so be deposited using LPCVD or PECVD procedures using a reactant gas
m xture such as dichlorosilane (Si Cl12H2) as a silicon source mterial and
ammoni a (NH3) as a nitrogen source, at a tenperature between about 600 and
800 degreselglé.‘%“ SUPFtEREEsP e Pt Wi Pt Asdutard, septin gool aims refam@ 00
mrorr, to a thickness between about 200 and 300 Angstrom Fig- 2 shows the
cross se@iilt #iddr ranfayekha enbiridehdiayieasildt irasipetivelepogin ed and
patterned creating openings 18 in the layer of photoresist that align with
t he surf &88d@td@nomaskhbysllewins ubssiarstle okddahere thetd® plegicons are to
be created. The process of deposition and patterning the |ayer of
. phot or esihsirefose  coheeninomah madtwusicofthaliowdl it drogidpihe aivkmarskinng.f
Layer 16 of photoresist can be etched by applying 02 plasma and then wet
stri ppi nd¥sy-cgetagneRsmaul¢do wgat NW@Hcally, a blanket pad oxide can

be formed to a thickness of about 150 Angstrom through a thermal

oxidation method at a temperature of about 900 degrees C. for a

time period of about 10 to 20 minutes. The layer 12 of thin oxide

can also be created using conventional deposition technology and

canr for instance, be deposited using PECVD procedures at a

temperature of between about 350 and 450 degrees C. to a

thickness between about 125 and 150 Angstrom using TEOS or SiHs as

a source.

The layer 14 of silicon nitride (Si3Nis4) can be deposited
using LPCVD or PECVD procedures at a pressure beﬁween about 200
mTorr and 400 mTorr, at a temperature between about 600 and 800
degrees C., to a thickness of about 1500 to 3000 Angstrom using
NH3; and SiH4 or 8iClzH2. The silicon nitride layer 14 can also be
deposited using LPCVD or PECVD procedureé using a reactant gas
mixture such as dichlorosilane (5101ﬂh)‘as a silicon source
material and ammonia (NH3) as a nitrogen source, at a temperature

between about 600 and 800 degrees C., at a pressure between about
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soJution. The openings 18 that are in this manner created in the [|ayer 16
of photoresi st expose the surface of the layer of nitride where trenches
for the STI are to be created Fig. 3 shows the cross section after tgg o4
trenches 20 for the STI regions have been created in the sur f ace&cf ‘ﬁg
substrate 10 wusing the mask that is provide by the layer 16 of
phot oresist, the patterned |ayer of photoresist 16 has been renoved from
the surface of the patterned |ayer 14 of nitride. The stop |layer 14 of
silicon nitride can be etched using a SiON or SiN renoval process with
etchant gasses CH3F/ Ar/02 at a tenperature between about 10 and 20 degrees
C., a predeQreleyfr jand J0SERTOUY betawdr Hyewts 56taadn 68bailor20Gdrid &0t ch
time of between about 40 and 60 seconds. The silicon nitride |ayer 14 can
al so be wengsatahed usi ng a buffered oxide etchant (BCE). The BOE may
conprise a mxed solution of fluoroamonium and fl uorohydrogen (7:1) and
phosphoric acid solution. The silicon nitride |ayer 14 can also be etched
usi ng anisotropic R E using CHF3 or SF6-02 or SF6/HB8 as an etchant. The
preferred net Hud -of2 séowei hje sctosonsaittirdrdafiter anlagetropi ef wet etch
process using hot phosphoric acid. The silicon nitride |layer 14'can al so
be di ppedphoitargaicsphesi beasi depdH3RON Jarico pae teenvd edre Thendi dgdrdierdayier
can al so be renoved from

in the layer of photoresist that align with the surface area of

the silicon substrate 10 where the STI regions are to be created.

The process of deposition and patterning the layer of
. photoresist uses conventional methods of photolithography and
masking. Layer 16 of photoresist can be etched by applying 02
plasma and then wet stripping by using H>SO4, H202 and NH4OH
solution. The openings 18 that are in this manner created in thé
layer 16 of photoresist expose the surface of the layer of

nitride where trenches for the STI are to be created.

Fig. 3 shows the cross section after the trenches 20 for the
STI regions have been created in the surface of the substrate 10
using the mask that is provide by the layer 16 of photoresist,
the'patterned layer of photoresist 16 has been removed from the
surface of the patterned layer 14 of nitride. The stop layer 14
of silicon nitride can be etched using a SiON or SiN removal
process with etchant gasses CH3F/Ar/0O: at a temperature between

about 10 and 20 degrees C., a pressure of
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the trenches created in the |ayer of photoresist by dipping the structure
into hot phosphoric acid (H3PO4) (standard wet nitride renoval). Standard
Rl E procedures, using CF4/ CHF3 as etchant gas, can be used to etch '™ 3 SEP 2004
openings in the thin |ayer 12 of pad oxide. The shallow trenches 20. Bt'ched =
into the surface of substrate 10 are anisotropically plasma etched into

the silicon substrate 10 and are typically between 0.2 and 0.5 m croneter
(um) deep. STl trenches are forned around the active. device to.a depth

bet ween about 2000 and 5000 Angstrom 16 L-3 SEP 2004 Fig. 4 shows a cross
section of how, after the trenches 20 have been etched into the surface of
subst r at bet@een dlager PP aofd EOVERTSIrki edhhoxn det (ISt of Hepesehedbowto t he
trenches 20 so that the trenches 22 formareas of insulation dielectric

whi ch ad0 todi 60| sdeoradd | hed@nildesni Aitheds wrdaaee 1af ckhheasybshe ater and

to therefore reduce the cross tal k between active devices. The excess

~deposi t edtoxedeus Snpa ilslEteRld oxidet BechaenNClgl)anahiez@8r Loy PESRSF £sd OF
the next processing steps. Fig. 5 shows the cross section after the |ayer

14, (Fi g. adkigéd nséTutiohas FaenroamRyeduhrom thewhkacegeh the: paghexi de.
This renoval of the layer 14 of nitride is achieved by dipping the
struct ur phbsphohdt s HEIkitE caGi dheH8PDHAdo Stiadated 199k 14 can also

be etched using anisotropic RIE using.CHF3 or SFsO2 or S5Fe/HBs as

an etchant. The preferred method of removing silicon nitride is

an isotropic wet etch process using hot phosphoric acid. The

silicon nitride layer 14 can also be dipped into phosphoric acid

{HﬁPOg) to be removed. The nitride layer can also be removed from

the trenches created in the layer of photorésist by dipping the

. .structure into hot phosphoric acid (H3POs) (standard wet nitride

removal) .

Standard RIE procedures, using CFi/CHF: as etchant gas, can

be used to etch openings in the thin layer 12 of pad oxide.

The shallow trenches 20 etched into the surface of substrate
10 are anisotropically plasma etched into the silicon substrate
10 and are typically between 0.2 and 0.5 micrometer {(um.) deep.
STI trenches are formed around the active. device to a depth

between about 2000 and 5000 Angstrom.
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nitride renoval). Fig. 6 shows the cross section after the | ayer of pad
oxide (layer 12, Fig. 5 has been renoved, another |ayer 24 of SAC oxide
has been grown followed by the deposition of a thin |ayer 26 of n%QLsggqu
St andard photolithography and RTE procedures, using CF4/CHF3 as eFchant
gas, can be used to renpbve the layer 12 of pad oxide. 17 3SEP2fl 04 Layer 12
of pad oxide can also be etched using Ar/CF4 as an etchant at a
tenperature of between about 120 and 160 degrees C. and a pressure of

bet ween about 0.30 and 0.40 Torr for a tinme of between about 33 and 39
seconds using a dry etch process. The preferred processing conditions for

the growi ng offid.ayleshd4soh 686%s fd&dtlomdrdRon,ea2sel Ol hOVSEeRAUL LS Wet
02, flowrate for the 02 is about O to 10 scan, flowrate for the HZ is

about 15 IsdMbdedNRECARH! €n0b RO Wn SR IET 888 sCratdNIS! étﬂ{_f%;?z%gorfml

pressure, tinme of about 30 mnutes, a furnace is used due to

oxi de, growm £ia i&dnhiokkaes $s0h,)batnerpoahedt 3 %9 and é%qldgs'cl@s%o@o The
deposition of the silicon nitride |ayer 26 can be achieved using the sane

pr ocessi nhaondlict irahchsshay econe d s or GeR BLabhi LI LhR oy

deposition of layer 14, Fig. 1. Layer 26 of Fig. is preferably grown to

a thickness: afo hetwaes a3boie 18ices in the surface of the substrate and
to therefore reduce the cross talk between active devices. The

excess deposited oxide is polished off and the trench planarized

to prepare for the next processing steps.

-Fig. 5 shows the cross section after the layer 14 (Fig. 4)

of natride has been removed from the surface of the pad oxide.

~This removal of thé layer 14 of nitride is achieved by dipping
:-the structure into hot phosphoric acid (H3PO4) (standard wet

nitride removal).

Fig. 6 shows the cross section after the layer of pad oxide
(layer 12, Fig. 5) has been removed, another layer 24 of SAC
oxide has been grown followed by the deposition of a thin layer

26 of nitride.

Standard photolithography and RIE procedures, using CF;/CHF3

as etchant gas, can be used to remove the layer 12 of pad oxide.
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and 500 Angstrom The advantage of the layer 26 of nitride is that this

| ayer .is deposited over the surface of the STl regions 22-and therefore
protects the surface of the STl oxide from damage during subsequent
processing. 18 SEP 2004 Fig. 7 shows the cross section after a 'QMf%Eﬁﬁm f
tetra - ethyl-ortho-silicate (TEOCS) has been deposited over the tMi ayer
26 of nitride. The preferred processing conditions for the deposition of

| ayer 28 of insulating material are as follows: source: TECS, flowrate
bet ween about 80 and 100 sccm tenperature between about 680 and 730

degrees C grgf%ure bet ween about 240 and 260 nforr, processing chanber
used: an rPYeystent tRamk B AgeF88i #18A LPaboiehsdh usingt 85/CTheat hirckness to

which the | ayer 28 of TECS is deposited is determ ned by the height of the
gate struﬁFﬁg%mHﬁﬁ a jtempergsugpeqf eetwern jaivdatléd endeled degosésion nay
therefore ccordingly have to be adjusted. A typical thickness for |ayer
28 of T i 3 B3t &foketyesn aheut 0 0YD amsg$t. KOnToFirgfos shoiwme tde
cross section after a layer 30 of photoresist has been deposited and
pat't er ned®F ST h&RV S 8R90F? BperrdysiSinamd 34 ehchherbages. 28 of TECS.
Gate el ectrodes need to be formed underneath the openings 32 and 34 that
have been

The preferred processing conditions for the growing of
layer 24 of sacrificial oxide are as follows: source: wet O,
flow rate for the 02 is about 0 to 10 scem, flow rate for the Hs
is about 15 slpm, temperature of about 875 degrees C., under
atmospheric pressure, time of about 30 minutes, a furnace is used

due: to the thermal oxide, grown to a thickness of between about

100 and 300 Angstrom.

The deposition of the silicon nitride layer 26 can be
achieved using the same processing conditions as have previously
been highlighted for the deposition of layer 14, Fig. 1. Layer 26

of Fig. 6 is preferably grown to a thickness of between about 100

and 500 Angstrom.

The advantage of the layer 26 of nitride is that this layer
.is deposited over the surface of the STI regions 22 and therefére

protects the surface of the STI oxide from damage during

subsequent processing.
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created in |layer 30 of photoresist. The process of deposition and
patterning the layer 30 of photoresist uses the previously highlighted and
conventional nethods of photolithography -and maski ng. Layer 30 of
photoresist 19 3 SEP 2W can be etched by applying 02 plasm and then wet
stripping by using H2S04, H202 and NH4AOH solution. It nust be net&e8EPHAY
the exposure of the |layer 30 of photoresist uses a reverse mask whereby
however the mask size for the central opening 34 is enlarged. This

enl argenment is needed to allow for a subsequent LDD inplant into the gate
el ectrode that is created in the center of the active regions of the
substrate surfBige. 7AshsRewbhé ncFoss sd;tildie adicatehel a pér OPENn Mo e34-4-S

| arger than the diameter of openings 32 for the purpose stated. Fig. 9
shows theetdrsorsbotsohiadter (Thws) gy b23nolefESSreliasvdeametighied i n

accordance with the pattern that has been created in the overlying |ayer
of phot orlexiest 26l afeniBOiadé. Fig. 8. The preferred etching conditions for
the etch of TECS | ayer 28 are as follows: etchant gas: CF4 or CHF3 at a
flow rate of about 15 sccm gas pressure about 800 niorr,  rf power density
about 400 Watts, no magnetic field applied, wafer tenperature about -17
degrees C., tiTie pfrefhered ghreboistinl0 c®8@8BESns for the deposition of
layer 28 of insulating material are as follows: source: TEOS,
flow rate between about 80 and 100 sccem, temperature between
about 680 and 730 degrees C., pressure between about 240 and 260
mTorr, processing chamber used: an LP system, time of deposition
about 60 minutes. The thickness to which the layer 28 of TEOS is
deposited is determined by the height of the gate structure that
is to.be created, the indicated time of deposition may therefore

accordingly have to be adjusted. A typical thickness for layer 28

of TEOS is between about 1000 and 10,000 Angstrom.

Fig. 8 shows the cross section after a layer 30 of
photoresist has been deposited and patterned for the formation of
openings 32 and 34 in the layer 28 of TEOS. Gate electrodes need
to be formed underneath the openings 32 and 34 that have been

created in layer 30 of photoresist.

The process of deposition and patterning the layer 30 of
photoresist uses the previously highlighted and conventional

methods of photolithography and masking. Layer 30 of photoresist
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After the layer 28 of TECS has been etched, the layer 30 of photoresist is
renmoved fromthe surface of the etched layer 28 of TEGS using conventional
nmet hods of ashing and washing. 20 At this tinme in the processing flow ofa
the invention, gate spacers nust be created. Spacers for gate el w8 tSEsqds
can be made wusing a variety of materials such as silicon oxide, BSG PSG
other materials preferably of a dielectric nature, CVD oxide formed froma
TECS source. Fig. 10 shows the preferred gate spacer material of the
invention, that is a layer 36 of silicon nitride (SiNx) that is deposited

I r. f TEOS usin PCVD  procedures (for
g\éﬂ e£ hgt%glr %%\Sg;cgfglgﬁjhgz %ypglryelsgu;bé %Jg weert cg Sl i i ﬁﬁﬁjr?p%fhh‘-?j ?300 mrorr,
; et n 0Q and. 800_degrees C., to a_thickness
gtet @aéﬁ a ggligugg%&én\gg%aggoﬁféjs rsggnugf—'f)ﬁ? 1% rg‘hsoﬂ}e[ t@_ﬁo@%e?ﬁ??}gn ﬁfter
th ate ! have, been fornmed on the sidewalls of the
op:nigngs e%%?’gﬁ%% ggdtgﬁolragg%e?ﬁ \?gl ?hﬁ/ﬁgF%sjg?ﬁ e &t rEIEXSEr Betlir e arR?Et of
i|i nitride spacers are formed via ani sotropic o]
the o111 sERTeRITnEat 80 il ldot® 510008 BhE <oty epelog” Sr Bre- rer 02
i f f
or C12- H%K’llggﬂgé.a'?hgé Cehnalrgfge-rl-n%%toggnhgggegztoanadll%%v ?E)(()B'Ogesgggeagéngce °
the STI reglons
LDD implant into the gate electrode that is created in the center
of the active regions of the substrate surface. As shown in Fig.

8, the diameter of opening 34 is larger than the diameter of

openings 32 for the purpose stated.

Fig. 9 shows the cross section after the layer 28 of TEOS
has been etched in accordance with the pattern that has been

created in the overlying layer of photoresist, layer 30 of Fig.

8.

The preferred etching conditions for the etch of TEOS layer
28 are as follows: etchant gas: CF; or CHF; at a flow rate of
about 15 scem, gas pressure about 800 mTorr, rf power density
about 400 Watts, no magnetic field applied, wafer temperature

about -17 degrees C., time of the etch about 10 seconds.

After the layer 28 of TEOS has been etched, the layer 30 of
photoresist is removed from the surface of the etched layer 28 of

TEOS using conventional methods of ashing and washing.
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22 overs which gate el ectrode structures are to be forned, the 21 3 SEP
2004 opening 34 exposes the surface of the substrate 10 in the active
surface region of the substrate over which a gate electrode structure is
to be formed. Because of this exposure of these surfaces, inplantg Sﬁ@iﬁﬁ#
have to be performed into this surface, mnust be perforned at this %i

t he processi ng sequence of the invention. Such inplants are, for instance,
channel inplants and threshold inplants (but not the LDD inplant since the
LDD.i nplant would at this tine be blocked by |ayers 24, 26 and 28). The
processing conditions for typical channel inplants (not shown in Fig. 11)
vary widely and are determined by the particular application for which the
gate el ectrodétsthiRtbinee i the myoepeaied. frevw ex@ipices ,nventhannebatapl ant
can be a P-well inplant using boron with an energy within the range of

bet ween SPAGSED BBV IRA/ WP & HoS@2RRTR| o¥ hea Fargje cwifrddetsween belBade

| e14 atoms/cn®, it can be a P-well inplant using boron with an energy
within t HE*PENGe"dF 1Dkl efaterdads RBVhang ol Hozw wixtildien BShe Pafige of

bet ween 12&2 to 5el3 atonms/cn®2, it can be a P-well inplant using indium
with an ShEFGY"IFERth t RFLeTgeLf cbet wibpledor i r2B8E@itee VCHRdoaidese wit hin
the range of bhetween 1el2 to lel4 atons/cnR, it can be an N-well inplant
usi ng phggﬁﬂﬁ?ugrQWt?1§§?S SPEEGE-wi t hin the range of between 300 to 600 keV

and a dose

Fig. 10 shows the preferred gate spacer material of the
invention, that is a layer 36 of silicon nitride {SiNx} that is
deposited over the surface of the layer 28 of TEOS using LPCVD
procedures (for better step coverage) at a pressure between about

- 200 mToxrr and 800 mTorr, at a temperature between about 600 and

BOO0 degrees C., to a thickness between about 250 and 2000

Angstrom.

Fig. 11 shows the cross section after the gate spacers 38,

40 and 42 have been formed on the sidewalls of the openings 32,

33 and 34 respectively where gate electrode structure are to be

- created. The silicon nitride spacers are formed via anisotropic
RIE of thé silicon nitride layer 36, Fig. 10, using CHF3: or SFg-O2

or SFe—HBr-02 or Clz-HBr-0; as an etchant.

The openings 32 and 33 expose the surface of the STT regions

22 over which gate electrode structures are to be formed, the
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wi.t hi n.the range of between 1el3 to 5el4 atons/cnR., it can be an N-well
i npl ant usi ng phosphorus with an energy within the range 22 3 SEP 2004 of
bet ween 50 to 300 keV and a dose within the range of between 1lel2 to 5el3
atoms/cnR, etc. The well inplants that have been indicated above .cpgepl %%
be perforned after the processing steps that have been indicated under
Fig. 4 above with appropriate mark for P-well and N--well. The nethod by
whi ch conponents of an integrated circuit are interconnected involves the
fabrication of netal strips that run across the oxide in the regions
between the transistors, the field regions. However, these netal strips
form t he PAERIP4 pEPASES | che/CB tfaarssiodt bhe, swbstrdtre Iokiice theneathviehem
formng a gate oxide and the diffused regions acting as the source and
drai n rediditgceThegtAreshotie vitsigatef ovkhesehpall asiddte dlransiostor s nmust
be kept higher than any possible operating voltage so that spurious
channel s shifvctige hHe Faadeefewwd .y Beengedolet meereximsnes ofSevesal net hods
have been used to raise the threshold voltage. These methods invol ve
i ner easi FYTEREeHi efbgplaxise wiidkhess 6o bai penfotdied depionghheneakiatbe
field oxide. The |large oxide step however presents problens of step
cover age Mu$¢ bPRaperéduwed xitde s Niiolenéssths prefesgied; sEhametiepi Bg yAder
the field oxide nust therefore be increased. Enphasis is

. invention. Such implants are, for instance, channel implants and

threshold implants (but not the LDD implant since the LDD implant

would at this time be blocked by layers 24, 26 and 28).

The processing conditions for typical channel implants (not
shown in Fig. 11) vary widely and are determined by the
particular application for which the gate electrode structure is
being created. As examples, a channel implant can be a P-well
implant using boron with an energy within the range of between
100 to 220 keV and a dose within the range of between lel3 to
lel4 atoms/cm®, it can be a P-well implant using boron with an
energy within the range of between 5 to 40 keV and a dose within
the range of between 1el2 to 5el3 atoms/cmz, it can be a P-well
implant using indium with an eneigy within the range of between
50 to 250 keV and a dose within the range of between 1lel2 to lel4
atoms/cm?, it can be an N-well implant using phosphorus with an

~energy within the range of between 300 to 600 keV and a dose
within the range of between 1el3 to 5eld4 atoms/cm®., it can be an

N-well implant using phosphorus with an energy within the range
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less still placed on making the field oxide seven to ten tines
?ﬁyng?Ethan t he ga?e oxi de, this heavy | ayer of oxide also reduces the
parasitic capacitance between the interconnect runner 23 r3 S EP 2M4 and
the substrate. Normally, ion inplantation is used to increase the=~8QEPNY04
under the field oxide. This step is called the threshold inplant- The
combi nation of threshold inmplant with the thick oxide can provide adequate
isolation for oxide isolated bipolar I1Cs. After the various inplants have
been perfornmed, inplants that as indicated above are highly device type
dependent t@e struycture ﬁé the gate el ectrode needs to be created. This
structure’n ?%ﬁ%?%i#@ g8n§ t *oY 2PhuhisoMitaer §hehaenae eof destiveen

. .  de
dent no ical gaje electrode devices, a |layer of gate oxi
il %%%ydﬁﬁiﬁ? eg§ﬁpﬁég@'OF“FheT§Gb§?iétémP3¢%¢sﬁMvﬁe§QV@fbehe

i s deposi _ _ _ _ ]
i nvention, perfar his process of gate oxide growh at this tine in the
sequence J(‘)If*)glpcrag:ceg 5&3%'93?@53?1?%&%3 iReTrigmed gié egathe spoeesrssinay e tegen

. . . 28
the sidewal |l s of the openings that have been createq in layer

]:)1(‘) L 'rltg&ogi?he% iy ea\g%?flr ubgiratehatnder g’ﬁé’\m 4 Aberesyl Skecapmpnm dfiey makk

For the gate el egtrode structures that are created, the sidewalls of the

gate struct gré' yaBQ Fivettwith barrier or seed | ayers. If these |ayers

are desired to be created, they can at this tinme be

The method by which components of an integrated circuit are
interconnected involves the fabrication of metal strips that run
across the oxide in the regions between the transistors, the
field regions. However, these metal strips form the gates of
parasitic MOS transistors, with the oxide beneath them forming a
gate oxide and the diffused regions acting as the source and
drain regions. The threshold voltage of these parasitic
transistors must be kept higher than any possible operating
voltage so that spurious channels will'not be inadvertently
formed between devices. Several methods have been used to raise
the threshold voltage. These methods involve increasing the field
oxide thickness or raising the doping beneath the field oxide.
The large oxide step however presents problems of step coverage
50 that reduced oxide thickness is preferred. The doping under
the field oxide must therefore be increased. Emphasis is
nevertheless still placed on making the field oxide seven to ten
times thicker than the gate oxide, this heavy laver of oxide also

reduces the parasitic capacitance between the interconnect runner
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deposi ted inside the openings 32, 33 and 34. Not all types of barriers my
be required for all openings 32, 33 and 34. It is «clear that the gate
electrodes that will be created in the openings 32 and 33 and that=g@vers a4
the STI regions are 24 ,- 3 SEP 2004 functionally not the sane gate

el ectrode that is created in the opening 34. For instance, a typical DRAM
cell and its sub- conponents can be fornmed on the surface of a

sem conductor substrate followi ng essentially the steps of the invention
that have been highlighted. The formation of the DRAM cell starts with

t he isol ation, of tge active area of the DRAM a thin layer of gate oxide
is grown e EUEPFFRbR- JIfFRRle o 198r $BPASRER TS 15 alssssdo Ankapeseof
polysilicaon i s bl anket deposited over which a l|ayer of insulating naterial
i s deposi‘t®d OPHBEePHRT | By sl oxddetr eThéd afrP citied les ftbem gat es

W thin t ac%i § grea of the device and gates on the surface of the field
oxi de ins §F'ﬁé aPBAARF - t NI GARE nathengaf ekhiephtel demilpataméshothehe
device f nn&the, ates of the MOSFET device, that is the bit |lines of the
DRAM devitg‘é“.c TRE G5t €37 t RV % afleGNAtEveFotaklion diar Hide iissdkaefion ar eas
formthe word |lings that connect the MOSFET gates (of the DRAM device) to
t he peri5ﬁ§P Prcifclits that are connected to the DRAM chip. Lightly Doped
(LDD) regions for the N-channel MOSFET are then formed, the gate spacers

are forned

After the various implants have been performed, implants
that as indicated above are highly device type dependent, the
structure of the gate electrode needs to be created. This
structure in turn can censist of a number of layers that are
device dependent. In most typical gate electrode devices, a layer
of gate oxide is deposited over the surface of the substrate. The
process of the invention performs this process of gate oxide
groﬁth at this time in the seguence of processing steps, that is
after the gate spacers have been formed on the sidewalls of the
openingé that have been created in layer 28 of TEOS creating a.
structure that is shown in cross section in Fig. 11. For the gate
electrode structures thét are created, the sidewalls of the gate
structure may be lined with barrier or seed layers. If these
layers are desired to be created, they can at this time be
deposited inside the openings 32, 33 and 34. Not all types of
barriers may be required for all openings 32, 33 and 34. It is
clear that the gate electrodes that will be created in the

openings 32 and 33 and that overlay the STI regions are
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r the surface of the patterned polysilicon gates. The source and drain
?ggio;s are formed by inglant with an N--type dopant. The bit line to the
gate of the MOSFETdevice is formed by conventional methods of |ithography
and patterning. The storage node self-aligned contact points are s \p8ePi2lia
simlar manner. One (or nore) |layers of insulation are then deposited over
the 25 r8 SEP M4 structure to provide protection during further processing
steps. The gate structures that are created following the above briefly
hi ghl i ghted process of formng a DRAMcell w |l not contain the sane
sequence 9% é@,er but 4@I£ be ta|I0£ed toifpe0|f|c functions which require
the deposTtion ot spedi¥i ENFafalfadate mieqtiade Ghps éFecreated st udtar es

i tion have been conpleted, residual layers (of, for instance,
Sgtéhgx:&é%gﬂ#%Efﬂge%F§h69§Hangei?kﬁﬁp%ﬁﬁ%ﬁQ%ﬂM Feééessingtorswy- met hods of
.CWP. As a final ste tge lLayer 28 of TECS nmust be renmoved by .either wet
processirﬁf?ﬁOQﬁPEﬁHA%Qb & ﬁﬁgw?ﬂg9n1ﬂﬂﬁgﬁQﬁﬁéﬁﬁ R§ acenauicPuhectar t he

I 8 of TEGCS have . previously been ingicateq under Fig.
gegg\ésle % hce’i""ltgeymg"lﬁrf’&’ﬁaﬂt eSHIt 1Ay gheCiatspat of thewirwemtion dafheut 15

[ 400 Watts, no
sccm gas pressure. .about 800 mlorr, rf power density about tts,
magnet ?csn%)‘feel c(fegpﬁ‘llﬁglg,lg%?%r ?lé‘?rp%?%alﬁrlé’na@éuﬁhelﬁmgﬁ@b]s Cartts e tof

0 .seconds.
the etch éggngéo ation of the active area of the DRAM, a thin layer of

gate oxide is grown over the silicon surface to serve as stress
release. A layer of polysilicon is blanket deposited over which a
layer of insulating material is deposited. These two layers are
patterned and etched to form gates within the active area of the
device and gates on the surface of the field oxide insulating
area of the device. The gates in the active area of the device
form the gates of the MOSFET device, that is the bit lines of the
DRAM device. The gates that are grown over the field oxide
isolation areas form the word lines that connect the MOSFET gates
(of the DRAM device) to the peripheral circuits that are
connected to the DRAM chip. Lightly Doped (LDD) regions for the
N-channel MOSFET are then formed, the gate spacers are Fformed
over the surface of the patterned polysilicon gates. The source
and drain regions are formed by implant with an N~type dopant.
The bit line to the gate of the MOSFET .device is formed by
conventional methods of lithography and patterning. The.storage
node self-aligned contact points are made in a similar manner.

One (or more) layers of insulation are then deposited over the
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Fi.g. 12 shows a cross section of the gate structure 44 that has been
created above the active region of substrate 10, this as opposed to the
gate structures that have been created above the STl regions 22. Show% ﬁﬁ%
this cross section are the gate spacers 42, a layer 46 that may ¢oat&Pn
barrier or seed material and a 26 3 SEP 2004 | ayer 48 that fornms the body
of the gate structure and contains gate material. Layer 48, which forms the
body of the gate el ectrode, can contain polysilicon but can also contain
refractory netals, suicides and other conductive materials while doped

pol ysi l'i %Qﬂcucq:@l@ealc§opp8 1&@%0&%&%@' cal, bar :T%er %&qﬁj:rsﬁsfs%%g—g,q%%,s “Ti /W

titanium nitride, tanta tungsten, ni O%Fg hown i g 12 are the
o L 02 %3%%%541%%&%%%%%;@.cgre,aguf P BT v
ot S R R I RSN S
o i, o gro e g Dy oy s o, ook ot b
e b A BT B LT o

p--region (also call or well)

After the gate electrode structures of the invention have
been completed, residual layers (of, for instance, gate oxide)
" must be removed by either chemical processing or by methods of
-CMP. As a final step the layer 28 of TEOS must be removed by
“either wet processing or by suitable masking. The processing
'rconditions for the removal of the layer 28 of TEOS have
‘previously been indicated under Fig. 9 above, as follows: etchant
gas: CFs or CHF3 at a flow rate of about 15 sccm, gas pressure
about 800 mTorr, rf power density about 400 Watts, no magnetic
field applied, wafer temperature about -17 degrees C., time of

the etch about 10 seconds.

Fig. 12 shows a cross section of the gate structure 44 that
has been created above the active region of substrate 10, this as
opposed to the gate structures that have been created above tﬁe
STI regions 22. Shown in this cross section are the gate spacers

42, a layer 46 that may contain barrier or seed material and a

26




substrate. A layer of gate oxide is first forned over the surface of the
substrate. A layer of gate material such as polysilicon or the like is
deposited over the |l ayer of gate oxide and patterned 27 $ SEP 2004 and
etched to formthe structure of the gate electrode. Source and dral=g S£P 2004
regions are then forned self-aligned with and adjacent to the gate

el ectrode by inplanting of high-concentration n-type inpurities into the
surface of the silicon substrate. In the era of VLSl devices, the width of
the gate has been reduced to below 0.5 um the distance between the source

and the egiop (the hanne is correspondi ngly reduced. This
shar p re%‘&’ctlog3 gh ¢ %%ﬁﬁ%lq} %ﬁph ﬁ%wgbgrgﬁﬁad§t¥%Fé¥¥ﬁgﬁﬁdfFééﬁﬁlpﬁcrease
in the cqpcen%ratl n of the electro-magnetic field close to the drain
region where thrs 8 ain region interfaces with the underlying silicon
substrate. This sharp increase may |l ead to | eakage current between the
drain region and the surrounding silicon of substrate. In addition, hot
carriers can be created in the silicon of the substrate and can gain
sufficient energy to penetrate into the |layer of gate oxide underneath the
gate structﬁP@eFe%%4tWkahlfqrﬁﬁaéﬁﬁnﬁoﬁﬁeofht@%rﬁﬂtﬁ\ﬁﬁqﬂag@dbetw@en t he
gate and the substrate. This may |lead to current flow between the gate

el ect r oFET &AMt REL VPGS Rylts (95t Pase. cPotebuntefzmitartyemetigiease i n t he

electric field, the art
silicides and other conductive materials while doped polysilicon

can also be used. A typical barrier layer is formed of titanium
nitride, tantalum, tungsten, niobium, molybdenum, Ti/TiN or Ti/W

and is more preferably formed from TiN.

Further shown in Fig. 12 are the implants 52 (forming the
source region of the MOS device) and 54 (forming the drain region
of the MOS device) and the LDD implants 49 (for the source

region) and 50 (for the drain region).

LDD implants 49 and 50 are performed to reduce or eliminate
the occurrence of leakage current between the gate electrode and
the underlying silicon substrate. A typical n-channel transistor
for a MOS device is formed by first forming a p-region (also
called tub or well) in the surface of an n-type silicon
substrate. A layer of gate oxide is first formed over the surface
of the substrate. A layer of gate material such as polysilicen or

the like is deposited over the layer of gate oxide and patterned
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has i mpl enented the formation of Lightly Doped Drain (LDD) regions that
are adjacent to and self-aligned with the gate electrode structure. The
LDD regi ons form doubl e offset regions whereby the source and drain

regi ons now contain high n-type 28 3 SEP 2QQ inpurity concentratlgggss@qgw
low n-type inpurity concentrations. The principle objective of the LDD
regions is to offset the high concentration of the electric field around
the drain region of the gate electrode. The regions are symetrically
formed around the gate el ectrode and consist of |ow concentrations of

- Uype APUHGIES colbie A ohl Sealodlie, LIPLARt ed pogione e such Lhat the

inmpurity concentrations In the p-n junction chadh

oxtend d Qukhe saUsGR: M ALY [SUGNS.0 oL LENURLE Le Flegtrie field

Wth the creation o regi ons,

Cour op art T S, SEELFORE N BRI B e b he e et B FaPed.

source and the drain region ate

ot ear g tial, saubdcellsel e d gshol douol La0e are thereby also

el im nated. Processing conditions for threés

determ ned e berbyas olndey| g8, Ut helng.created For nstanee, 11

the device is a N Ice, e i nplant "Usés
an ener gy.ﬁMutmh' @hEhSiggglgge q:];ett%weetevl\{e%rllle source and the drain region (the

channel length} is correspondingly reduced. This sharp reduction
in channel length however leads to a significant increase in the
concentration of the electro~magnetic field close to the drain
region where this drain region interfaces with the underlying
silicon substrate.‘This sharp increase may lead to leakage
current between the drain region and the surrounding silicon of
substrate. In addition, hot carriers can be created in the
silicon of the substrate and can gain sufficient energy to
penetrate into the layer of gate oxide underneath the gate
structure resulting in impacting the threshold voltage between

the gate and the substrate. This may lead to current flow between

the gate slectrode and the underlying substrate.

To counteract the increase in the electric field, the art
has implemented the formation of Lightly Doped Drain {IDD)
regions that are adjacent to and self~aligned with the gate
electrode structure. The LDD regions form double offset regions

whereby the source and drain regions now contain high n-type
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it hi . 5E15 atons/cn®.
5'to 60 keV and a dose within the range of between 1E15 to _
If the device is a PM3S device, the LDD inplant uses BF2 or B with an
energy within the range of between 1 to 30 keV and a dose within the range

: i d 8 hate e
tween 1E13 to 5E14 atons/cnR. 29 - 8 SEP AMIt is to be noted '
E]E)Dbﬁn\glleant 56 is nmade under an angle with the surface of the substrate
10, this to assure that the inplant penetrates under the gate spacers 42.
Sour ce (52) and drain inplants (54) are also be made under different
processing conditions that are dependent on the requirements for t hgrti ]
devi ce t Bapuk ScheiatalieadnFahal B5haNCe 8, fidst conductivitly, lparting
dopant usi ng phosphorous can be I nplant ed’ %0 Cbet e z; N gut g doped SKgV
d drai i ol i1l ant ner gy _bet.we 6 ,
2o dose e vaer Kbor TRiT% 87 Bhe S e e A K BB EBhdtkt 171y
i mpar ti ngoflepaniatam ke unedehaccreat £ SRSl g doped saurce and,
Ir(rang:g)i ons,ggugﬁ@asa arseni c or phoSphor ous, (?on |urrpqoagltee T8 ARSEHRrYYy

i t . a e bout. |LE13 _to 5E14 atons/cn®.
Re': \A\/Iereg ggﬁﬁac% veigt%ﬂr%gr't ?YRS ﬁgggﬁ?ggéaﬁr[l@b t?%er&ctag} r 52F R eHAYRF doped

i QIS4 h .arsenic.ion inplapted at_an energy

ource a i

Ee'tjween gﬁ%ﬂ%@%@te:)ﬁ%io KeV, égte cgﬁ%gg cgf;tlv\%weﬁ:oggggt%r?%ign§ SZ%EELB’C%%WB/ cne.

Fig. 13 §m§W§iEié§fx¥%es§§EE9ﬂer§r€hé“imﬁfgﬁ %dg%%%igngcgéosuch that the
impurity concentrations in the p—n junction change gradually

thereby extending to the source and drain regions to attenuate

the electric field.

With the creation of the LDD regions, the breakdown between
the drain region of the gate electrode and the channel region
fthat is between the source and the drain region of the gate
electrode} has been eliminated. Hot carriers that could effect

the threshold voltage are thereby also eliminated.

Processing conditions for threshold or LDD implants are also
determined by the type of device that is being created. For
instance, if the device is a NMOS device, the implant uses
arsenic or phosphorous with an energy within the range of between
5 to 60 keV and a dose within the range of between 1E15 to 5E15
atoms/cn@. If the device ig a PMOS device, the LDD implant uses
BF2 or B with an energy within the range of between 1 to 30 keV

and a dose within the range of between 1E13 to 5E14 atoms/cm?.
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structufes that have been created using the process of the invention are
shown, that is gate.44 overlying the active regions in the surface of
substrate 10, gate 58 overlying the left STI regions and gate 60 overlying
the right STI region. Barrier or 30 3 SEP 2304 seed |liners 62 that3hfei:
been provided along the sidewalls of gate 56 and 60 have been highlighted
as well as the gate material 64 that is used for the body of gate
el ectrodes 58 and 60. At this point in the process of the invention, nornmal
processi ng can proceed as previously has been highlighted for the cited
exanpl e of thﬁ creation of a DRAM cell or as has previously been
hi ghl i ght ed ufiftetSFFgsPe MQtfh IR t3 ErFhEPD| dmphentprifedss ratie sabiei dat i on
may be apgl&ed to the source/drain regions and the surface of the gate
struct ur 88918 FAJRrthY tHdasq ofc the sukpbsated Gvahisheosasbace ohathe
structure, that.is shown in cross section in Fig. 13, openings can be
et ched t APSUZRPLATE PRRSfraters dndrscthe coakrretmearsedd .openi ngs overl ay and
align with the source and drain regions of the gate el ectrodes and with
the top surface of the gate electrodes. A layer of nmetal is then blanket
deposited over the surface of the |ayer of dielectric thereby including
the openi ngs tRAEChal? bédd draanedmplante (94yereohldbebechade. uldes

of netal is patterned and etched thereby creating electrical

latter | [
Contactsgéffﬁr?¢kggﬁﬁﬁq§§n@gapﬁnditions that are dependent on the

requirements for the device that is being created. For instance a
first conductivity imparting dopant using phosphorous can be
implanted to create a lightly doped source and drain regions, ion
implanted at an energy between about 5 to 60 KeV, at a dose
between about 1E12 to 1E14 atoms/cm?. A second conductivity
imparting dopant can bé used to create medium doped source and
drain regions, such as arsenic or phosphorous, ion implanted at
an energy between about 5 to 60 KeV, at a dose between about 1E13
to 5E14 atoms/cm®. A thirg conductivity imparting dopant can be
used to create heavily doped source and drain regions, such as
arsenic, ion implanted at an energy between about 5 to 60 KeV, at

a dose between about 1E15 to 5E15 atoms/cm?.

Fig. 13 shows a cross section where all three gate electrode
structures that have been created using the érocess of the
invention are shown, that is gate 44 overlying the active regions
in the surface of substrate 10,Vgate 58 overlying the left STI

regions and gate 60 overlying the right STI region. Barrier or
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regions of the gate electrodes as well as with the top surface of the gate
el ectrode. These contact points are typically connected to a surrounding
network of interconnect netal lines. 31 3 SEP 2 The advantages that the
process of the invention provides can be sunmarized as follows: --BYSEP 2004
depositing a thing layer of nitride (layer 36, Fig. 10) over the surface
of the layer of TECS (layer 28, Fig. 10) thereby including the openings
that have been created. in the layer of TECS, the surface and edge of the
STl regions 22 are protected through the processing steps of formng the

gate structures includin he steps of form ng gate spacers, gate ' |ines
and t he 8%89 %fn?ﬁ% 8§IEP%L YepPEEBSRI BT 149 d4Rntthensideupissiatt he

formation_of | f- aligned (T-top.shaped ate structures, the structures
are sel f—’?g i%ﬁe‘a"% Jf¢1 He g’ﬁ@_ﬁi ﬁbghjrh%ﬁ‘zﬁgﬁ Bdr epekbedInhetetertabr of

TECS thesgrgﬁg S, of th:%nv% tlgn has _elimnated the need for masking of
the gate Structut?® THE 1Rpit@8 PYIY sOF e vt s ropast 8BnaBAd6é@t ch (poly or
other) gate structures. This reduces photolithography alignnment
requirements while elimnating the risk of etching through the |ayer of

gate oxi de (duriqg the A plasma etch of the gate structure) and thereby
creating micriot tHiis point in the process of the invention, normal

processing can proceed as previously has been highlighted for the
cited example of the creation of a DRAM cell or as has previously
been highlighted under Figs. 1 through 3. That is the process of
salicidation may be applied to the source/drain regions and the
surface of the gate structures, a layer of dielectric is
deposited over the surface of the structure that is shown in
€ross section in Fig. 13, openings can be etched through this
layer of dielectric whereby these openings overlay and align with
the source and drain regions of the gate electrodes and with the
top surface of the gate electrodes. A layer of metal is then
blanket deposited over the surface of the layer of dielectric
thereby including the openings that have been created in the
layer of dielectric. This latter layer of metal is patterned and
etched thereby creating electrical contacts with the source/drain
regions of the gate electrodes as well as with the top surface of
the gate electrode. These contact points are typically connected

to a surrounding network of interconnect metal lines.
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trenches in the surface of the substrate - the gate spacers remain, during
the steps of depositing barrier and/or seed |ayers, covered with the | ayer
of TECS and is therefore protected during these processing steps. The

| eakage current that therefore typically can occur between the 32 SEP 2004
body of the gate el ectrode and the source/drain regions (through3tH® 200u
exposed, outside surface of the gate spacers that is not adjacent to the
body of the gate structure) is therefore reduced since the exposed surface
of the gate spacers is |less prone to danmage (during typical steps of
barrier/seed | ayer deposition and_ion inplants). Al though the invention has
been descri bed End VRN ERIFat R Wit PreFepened the sbheedfiien pProvtideti ve
enbodi nment s }pereof, it is not intended that the invention be limted to

t hose il 97t P&t PYE™BRHBRT mthtielIPése skilled in the art will recognize
that variations and nodifications can be nade wi thout departing from the
spirit of the F9RRTGIGY. al thisgt hayel orfe nimrdnded l1egeirndbudeigwitti n t he
invention all such variations and nodifications which fall within the
scope of thev@&pperdarréraenst ablte ebpyamlatiEost Harget. 283 BiGEPL MOO]

thereby including the openings that have been created in the
layer of TEOS, the surface and edge of the STI regions 22 are
protected through the processing steps of forming the gate
structures including the steps of forming gate spacers, gate
lines and the body of the gate

- the process of the invention results in the formation of self-
aligned (T-top shaped) gate structures, the structures are
self-aligned with the openings that have been created in the
layer of TEOS

- the process of the invention has eliminated the need for
masking of the gate structure that typically is reguired to
pattern and etch (poly or other) gate structures. This reduces
photolithography alignment requirements while eliminating the
risk of etching through thg layer of gate oxide (during the
plasma etch of the gate structure) and thereby creating micro
trenches inlthe surface of the substrate

- the gate spacers remain, during the steps of depositing
barrier and/or seed layers, covered with the layer of TEODOS and
is therefore protected during these processing steps. The

leakage current that therefore typically can occur between the
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Clainms 1. A method for forming self-aligned T--top gate el ectrode
structures over active and over Shallow Trench Isolation (STlI) regions of
a substrate, conprising the steps of: providing a substrate having a
surface, the surface of said substrate having undergone prellrrlnﬁrfig/'??f-f:’2[10’r
processi ng; depositing a thin layer nitride over the surface of said
pre-processed substrate, said thin layer of nitride having a surface;
depositing a layer of TECS over the surface of said thin [layer of nitride,
said |layer of TECS having a surface patterning and etching said |ayer of

TEAS down t f.a f a| d t yer of nitride, creating openings
in said Iaye&rw%ffs¥é&8g§§| Spent “Hgtﬁl& éPFﬁﬁ‘éédWJtrh 4jigngct i ve and
on the surface of said substrate

Shal | T ] r an
whgr eO\éval Eiegt(e}{}o i g%gggﬁé?so%} 'gate ‘g:séd%ctsl%ﬁé‘cesﬁ uEtr B she@@cegshshat

created; d It er .of nitride over the surface of said
pat t er ned F*%;E‘Pttogg%aﬁégﬁ el r?é’%’alo(f SpEnPRGe thesterainisaid | ayer of

TECS; etchi | a nitri d form ng gate spacers on sidewalls of
sai d openi r%% %r%ea 5¥8‘r11ce% dmlcfy FX?EGB,g R SEPDHEe gate

spacers is less prone to damage {during typical steps of

barrier/seed layer deposition and ion implants) .

Although the invention has been described and illustrated with
reference to specific illustrative embodiments thereof, it is not
intended that the invention be limited to those illustrative
embodiments. Those skilled in the art will recognize that
variations and modifications can be made without departing from
the spirit of the invention. It is therefore intended to inclﬁde
within the invention all such variations and modifications which

fall within the scope of the appended claims and equivalents

thereof.
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creating self-aligned T-top gate el ectrode structures having a surface by
depositing a sequence of |ayers of materials that constitute gate

el ectrodes, renoving any excess depositions fromthe surface of said |ayer
of TEGCS; and renoving said patterned |ayer of TECS, conpleting creation of
said self-aligned T-top gate el ectrode structures. 2. The net hod q&
wherein said prelimnary processing of said substrate conprisestthe steps
of: growing a | ayer of pad oxide over the surface of said substrate, said
| ayer of pad oxide having a surface; -gepgsiting a layer of nitride over
the surface of said |ayer of pad OX|de patternlng and etching said | ayer
of nitride thereby including said |ayer of pad oxide grown over the
surface of said pad oxide, creating openings in said |ayer of nitride and

said |layer o ad,o i eni t.h urface of. sai
substratg in Ileglons?§1 g?% @ﬁ? frenc $ ﬁép&atg%ﬁg %rESPeaa Et%%??ﬁf%%ﬁd
substrate |n %%cordance wth said emlghﬁ created in_said Iaye

nitride and- Sard rayért ?Cﬁﬁﬂedi?%e've%r Ry STETcheRERLatLIPR ?ﬁb)sald

STI trenches with_an isolation material, creating FE%IOHS of STI, said
regi ons GFISPPSKRTI AgSEPEHFFERe; CHP D jlhe stebs of:

providing a substrate having a surface, the surface of said
substrate having undergone preliminary processing;

depositing a thin layer nitride over the surface of said
pre-processed substrate, said thin layer of nitride having a
surface;

depositing a laYer of TEOS over the surface of said thin
layer of nitride, said layer of TEOS having a surface;

patterning and etching said layer of TEOS down to the
surface of said thin layer of nitride, creating openings in said
layer of TEOS, said openings being aligned with said active and
Shallow Trench Isolation (STI) regions on the surface of gaid
substrate where said self-aligned T-top gate electrode
structures need to be created;

deposgiting a thin layer of nitride over the surface of said
patterned layer of TEOS, including said openings created in said
layer of TEOS;

etching said layer of nitride, forming gate spacers on

sidewalls of said openings created in said layer of TEOQS;
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removing said patterned | ayer of nitride, further renoving said patterned
| ayer of pad oxide; and growing a | ayer of sacrificial oxide over the
surface of said substrate, including the surface of said regions of STI

3. The nmethod of claim| with an additional step of perform ng p8ci&f A
processing of said self-aligned T-top gate electrode structures. 4. The
nmet hod of claim 3 wherein said back-end processing conprises the steps of:
perform ng a self-aligned source/drain region inplant followed by a

self-al i gned LPBaiahbaRk: ik 01 d@0}I ush WUIDGE oJiedian oLy saldosubst rate,

said inplants being Self-aligned wwth "gate el ectrode structures created

t he ;,-2Gt I d: t id Lf-ali d i | t
over theyagtiyve Eggggegnsgn% g&%gﬁpﬁ Jal&nSad g8 %gygk's,gn% mgg’ée);ri L an

bei ng perfornmed he surface o substra

el St CBEE1 Ohe ) SREE L Co¥ded G LRGP Oty 83l oPHRBLL A fone

i ncluding the surtace of “sard se [

structur said deposited_| aye f dielectric having a surface;
patterni%%tgh gtgﬁggacga?ﬁ f%&érf%ﬁeﬁﬂ%fé%¥¥ﬁcﬁnéreating openi ngs in said
| ayer of dielectric, said.openings being 36 -3 SEP 2004 _aligned with said
creat ed sourcEeQﬁHlHEaFﬁl@eg?BB% %A JRISY i TEOS, completing creation

of said self-aligned T-top gate electrode structures.

2. Tﬁe method of claim 1 wherein said preliminary
processing of sald substrate comprises the steps of:

growing a layer of pad oxide over the surface of said
substrate, said layer of pad oxide having a surface;

depositing a layer of nitride over the surface of said
layer of pad oxide;

patterning and etching said layer of nitride thereby
including said layer of pad oxide grown over the surface of said
pad oxide, creating openings in said layer of nitride and said
layer of pad oxide, said openings exposing the surface of said
substrate in regions where STI trenches need to be created;

etching said substrate in accordance with said openings
created in said layer of nitride and said layer of pad oxide,
creating STI trenches;

filling said STI trenches with an isolation material,

creating regions of STI, said regions of STI having a surface;
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to the surface of said self-aligned T-top gate el ectrode structures;
depositing a layer of conductive material over the surface of said
dielectric, including said openings created in said [|ayer of dielegtd SEP 200
said | ayer of conductive material having a surface, followed by -

pl anari zing the surface of said | ayer of conductive material; and
patterning and etching said | ayer of conductive material, creating points
of electrical contact between said source/drain regions and the surfaces

of said self-alemgvddgTshafd gateerpb@Clapse St MsdMIRS NG cRceURbY: 0f
i nterconnect conductive lines. 5. The nethod of claim4 with an additi onal

step of ssdld giaditegneadi dageur 66/ ga@i Hx1@Fi gy in addition to saliciding
said self-aligned T-top gate el ectrode structures. 37
growing a layer of sacrificial oxide over the surface of

said substrate, including the surface of said regions of STI.

3. The method of claim 1 with an additional step of
performing back-end processing of said self-aligned T-top gate

electrode structures.

4. The method of claim 3 wherein said back-end processing
compriges the steps of:

performing a self-aligned source/drain region implant
followed by a self-aligned LDD implant into an active surface
region of said substrate, said implants being self-aligned with
gate electrode structures created over the active surface of
sald substrate, said self-aligned LDD implant beiﬁg performed
under an angle with the surface of said substrate;

depositing a layer of dielectric over the surface of said
substrate, including the surface of said self-aligned T-top gate
electrode structures, said deposited layer of dielectric having
a surface;

patterning and etching said layer of dielectric, creating

openings in said layer of dielectric, said openings being
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-3 SEP 2004

aligned with said created source and drain regions in addition
toe the surface of said self-aligned T-top gate electrode
gtructures;

depositing a layer of conductive material over the surface
of said dielectric, including said openings created in said
layer of dielectric, said layer of conductive material having a
surface, followed by planarizing the surface of said layexr of
conductive material; and

patterning and etching said layer of conductive material,
creating points.of electrical contact between said source/drain
regions and the surfaces of said self-aligned T-top gate
electrode structures and a network of interconnect conductive

lines.
5. The method of claim 4 with an additional step of

saliciding said source/drain regions in addition to saliciding

said self-aligned T-top gate electrode structures.
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