. e3eee$VH6~Tn} A METHOD OF FORM NG ALMOST L- SHAPED SPACER FOR | MPROVED | LD
GAP FILL BACKGROUND OF THE I NVENTION (1) Field of the Invention *159159*
The invention relates to the fabrication of integrated circuit devices, and
nore particularly, to a nethod of inproving Intra Level Dielectric (ILD)

gap fill A nusfest idw folmahes %ﬁmg@dﬁ—ﬁxp@é uweacKR) rdRSRP ROV Pipt he
Prior Art Basic to the creation of CMOS devices is the creation of Field

Ef fect Transistors (FET) over actlgg pSugface regions of a silicon substrate
that are electrically isolated by regions of i sol ation such as

Trench Isolation regions. The creation of FET devices staqu umm&mmﬂm ing a
| ayer of gate oxide over the surface of the substrate.

material, typically co qgr|5|n&Nﬁg silicon, is deposited over *cW®2 ayer of
gate oxi de. The | ayer sPB¢KGREP PBrTHE EWUMEWAI®Noxi de are patterned and

etched, creating the structure of the gate el ectrode. Lightly- doped
inpurity inplantations are then performed into the surface of

t
substrate, self-aligned with the structure of the gate e“m “ﬂﬁ@ﬂmﬂm t he
creationlpf Eighdlyf Dopedibiéfiusdéon (LDD) regions in the he 1
substrate. Gate spacers are then forned over sidewalls of thes®s$tucture of

the gate el eghgodevaht esnWhbthcegl bl vebyrhbghcgnesgyoandnhbghadensity
source and drain inmpurity

circuit devices, and more particularly, to a method of
improving Intra Level Dielectric (ILD) gap fill in creating a

gate electrode structure.

(2) Description of the Prior Art

Basic to the creation of CMOS devices is the creation
of Field Effect Transistors (FET) over active surface regions
of a silicon substrate that are electrically isolated by
regions of isolation such as Shallow Trench Isclation regions.
The creation of FET devices starts with growing a layer of
gate oxide over the surface of the substrate. A layer of gate
material, typically comprising polysilicon, is deposited over
the layer of gate oxide. The layers of gate material and gate
oxide are patterned and etched, creating the structure of the
gate electrode. Lightly doped impurity implantations are then
performed into the surface of the substrate, self-aligned with
the structure of the gate electrode, for the creation of

Lightly Doped Diffusion (LDD) regions in the surface of the



i npl antations are perfornmed that are also self-aligned with the structure
and further with the gate spacers of the gate el ectrode. |nproved contact
resi stance can then be achieved by saliciding the surfaces of the

source/drain regions and the top surface of the gate material of the gate

el ectroglgrsAFd €5, tOEL BT 958888 a 88l LREHatbeRehasvbeen; gonnl ekedr epaductive
contact plugs are established to the contact surfaces of the gate el ectrode

by firs Kk posSit] a i CLticy0 3 eat
ot ruct oy Eeros SFEPR bRt e n et et A Lok PG Bk T eV EL g
| ayer typicall onpri sin tal i s deposited.over the surface of the |ayer
of di el SRTFIE, TR FTHY LRGSHGY cSORGE RAGeOBeEh GFBUFEEYt hrough the | ayer

of dielectric and electrically contacting the_contact points of the gate

el ect r o8P 52rbRELPRS AFEePeBkeEBedchbhabicerPeahBPePral ~RasIDEENEERDVEd from
the surface of the |layer of dielectric, points of electrical contact have
been esthdl $shedtbyeneadsfofthhe eohduthbveaprugpachas hivéhbeeater eat ed
through the layer of dielectric in alignment with the contact points of the
gat e el etécodede |l npnprvededeavnvaduciresideance penfohsanbe aohtemadsbiyo be
achi eved by reducing device dinensions, thereby reducing the 2 pat hs t hat

need tosheitiavehetdhbysekesteonoehangesohibcaddi-hianrkgibgduahgtauch
factors are resistive | oss over interconnect traces and parasitic

i nfluen veca,negat i xe, i >t 10Qcdeyi.c e ' sp nd
por 1 or naRe TS eaht T Ra F Sauel Poh b Cfhe Geuree. Bf Sronre: nassse

[ d d ds _of . nd | i ' f [ CMOS
ovi coochThe: PHusht Fon-apeer NP ear Ty AP sSeeS TR EF Bat FBRCBF oate

contact plugs are established to the contact surfaces of the

onducti ve

gate electrode by first blanket depositing a layer of
dielectric over the created structure. Holes are created
through the layer of dielectric, a conductive layer typically
comprising metal is deposited over the surface of the layer of
dielectric, filling the holes that have been created through
the layer of dielectric and electrically contacting the
contact points of the gate electrode structure. After excess
conductive material has been removed from the surface of the
layer of dielectric, points of electrical contact have been
established by means of the conductive plugs that have been
created through the layer of dielectric in alignment with the

contact points of the gate electrode.

Improved semiconductor device performance continues to be

achieved by reducing device dimensions, thereby reducing the



spacers over sidewalls of the body of the gate el ectrode. As design rules
continue to be reduced, the poly-to-poly spacing of the structure of the
created gate el ectrodes continues to be reduced. Using conventional gate
spacer design, the gap fill that is provided by the overlying | ayer of ILD

nmay beconenf Problefaqspechdi€phly1£8rp desbAnsnhPgbbheidegpamt ¢pAN
range of device features A conventional approach of a%dre55|ng this

concern. i s, c?u&{ & SP2ped: gal £o fé&f%%iv&hgéggy Eko%ggr@hﬁﬁ% the

I LD to penetrate e meen adj acen ectro This approac owever
has t he nqg ative effect. of rquirlng L geé groduct|0ﬁ time in ﬁddition
with an"THCT ey RHET bt b ueREeanty aded®etCAF MY VSt &PPATHe"

i nvention addresses these concerns by providing a nethod that allows for
the cred@YHFe oPPr Yot e dpatkeehadiAgPart prepaped pRoFi FenthAleR can be
created while avoiding the previously stated negative aspects of creating
such a rrdectspacerf Bhe UsvbrR791688nB3 {PardeepirtrakspdsHemenda bfshaped
spacer process and salicide process. US 6,235,597 Bl (MIles) discloses an L

shaped spacescpracé@ssoantdosalhctdeapingessr Uss6an8e, 680s( Aagietsal .) shows
an L shaped oxide spacer and salicide process. US 61025, 267 (Pey et al.}

shows armétiheenbl Ockepetoridasali shdecpseseste SUMYARY OB THELENVENTI ON A
principle objective of the invention is to provide gate spacers over the

si dewal 4,5, of , gal 6o £1 €646 0908: 10 AL enBhECbEOIReShAE! Ui BB obadeeRs

sub-m cron devi ce di nensi ons.

design rules continue to be reduced, the poly-to-poly spacing
of the structure of the created gate electrodes continues to
be reduced. Using conventional gate spacer design, the gap
fill that is provided by the overlying layer of ILD may become
a problem, specifically for CMOS designs in the deep-micron
range of device features. A conventional approach of
addressing this concern is to create L-shaped gate spacers,
thereby allowing more of the ILD to penetrate between adjacent
gate electrodes. This approach however has the negative effect
of requiring a longer production time in addition with an
increased thermal budget and an increased etching step. The
invention addresses these concerns by providing a method that
allows for the creation of a gate spacer having an L-shaped
profile, which can be created while avoiding the previously

stated negative aspects of creating such a gate spacer.



Anot her objective of the invention is to provide a nethod of creating gate
spacers over the sidewalls of gate el ectrodes such that gate separation and
gate isolation is maintained even for extrenely closely spaced gate

el ectrodes. Yet another objective of the invention is to provide a nethod

of creating gatge sPacess ghaiptLous é@raﬁﬂiagﬁgwét§n9L sﬁggéatssécéﬂtra
Level Dielectric to penetrate between cl osely spaced gate el ectrode

structv§§%%e%g gﬁﬁOégffgfd%Lég?égg obj ectives of the invention a new net hod

is pro or the creati gat e spacers over the sidewalls of a gate
el ectrode structure. A patterned and etched | ayer of gate el ectrode
material is forned over the active surface of a substrate, a |layer of |iner
oxide is created, gate spacers are created. Under the first enbodi nent of
the inventi oS @,22 eP O 6fBTECQSLL 18s HepbsFietedvar bhehepedt eBaseFuct ure over
which a layer of nitride is deposited, The layer of nitride is etched, this
et ch i spextesnsegndntal anideepeochssr eati ng openi ngs through the | ayer of
TECS where this |ayer overlies the gate spacers. The gate spacers are then
further etched. Under the second enbodi ment of the invention, a |ayer of
TECS is deposited over the created structure. The |ayer of TEGCS is etched,

st oppi ng on @@96S®b®9991nkAﬁEd§t0£lthesﬁé&§ sRageLtfapdhecdatie spaeers are
then further etched. 5 BRI EF DESCRTPTI ON OF THE DR%MVNGS

and salicide process.

US 61025,267 (Pey et al.) shows a nitride blocker for a

salicide process.
SUMMARY OF THE INVENTION

A principle cbjective of the invention is to provide gate
spacers over the sidewalls of gate electrodes for gate

electrode structures of deep sub-micron device dimensions.

Another objective of the invention is to provide a method
of creating gate spacers over the sidewalls of gate electrodes
such that gate separation and gate isolation is maintained

even for extremely closely spaced gate electrodes.

Yet another objective of the invention is to provide a

method of creating gate spacers that allows for an adequate



Fig. 1 shows a cross section of the surface of a substrate, a gate

el ectrode has been created over an active surface region of the substrate,
inmpurity inplantations (not shown) have been perforned into the surface of
the substrate, a layer of l|liner oxide has been forned, gate spacers have
been foam@enover sheewal.tsedf Dibeecgatecetochenderategbetdethr augbebyaddress
a first enbodi nent of the invention, as follows: Fig. 2 show a cross

sectlonsﬁgé@g @aﬁgygieg{rgggsspggcggggsdepos|ted over the surface of the
structure of Fig. 1, a layer of silicon nitride has been deposited over the

surface of the Iayer of TECS. Fig. 3 shows a cross section after the |ayer
of nitride has been etched. Fig. 4 shows a cross section after the etch of
the layer of silicon nitride has been extended, creating openings through
the | ayer of TECS where this |layer overlies the gate spacers. 6 Fig. 5
shows a cross section after the exposed surface of the gate spacers has
been etched, IRr2atPhganacevsphcbhs ebiapbiiveanct- shapédvpréirned FRYs. 6
t hrough 8 address a second enbodi ment of the invention, as follows: Fig. 6
show a mebksdsest poavafiedr far| ajer cobaTEGS h&sgbéensdepe$Stedeovehethe
surface of the structure of Fig. 1. Fig. 7 shows a cross section after the
| ayer ofid&®labsobeengaetehelecstoppi pgranttibe. nit padecohetihangat e spacers.
Fig. 8 shows a cross section after the exposed surface of

etched layer of gate electrode material is formed over the

active surface of a substrate, a layer of liner oxide is

created, gate spacers are created.

Under the first embodiment of the invention, a layer of
TEOS is deposited over the created structure over which a
layer of nitride is deposited, The layer of nitride is etched,
this etch is extended into an overetch creating openings
through the layer of TEOS where this layer overlies the gate

spacers. The gate spacers are then further etched.

Under the second embodiment of the invention, a layer of
TEOS is deposited over the created structure. The layer of
TEOS is etched, stopping on the silicon nitride of the gate

spacers. The gate spacers are then further etched.



the gate spacers has been etched, creating gate spacers of about an

L- shaped profile. DESCRI PTI ON OF THE PREFERRED EVMBCODI MENTS The i nvention
wi |l now be described using Figs. 1 through 8, with Figs. 1 through 5
conprising a first enbodi nent of the invention and Figs. 6 through 8

conprising a second empadirmenisce oheN awentimrali®idd rst enbodi nent of
the invention presents a process that is referred to as a nitride salicide

bl ock process, the 7 second enbodi nent of the invention presents a
process that is referred to as a tetra-ethyl-ortho-silicate (TEOCS) salicide
bl ock process._ First discussed wll be the nitride salicigde block process,
which is sh(?svxlﬁ'i n1 t%heowcsr oss 'sec isoencstlo a I‘—Cffg&hel ?lﬁfoau%% %9 “The fi rgt Cross
section, that is the cross section of Fig. |, sho the structure of a gate
el ect r o HrrédtSed DA 1 &S RS PG i CAP SUDIFE A7 £FEVET of oxi de
i ner has been created over the surface of the gate el ectrode structure

whi | e gatrd asjrac@si davasd Hdeh st v ermR el &Y delid antatieme gl

el ectrode structure. Specifically highlighted in the cross section of Fig.
1 are: shdh) theerecrgssn geotfiomest i sihd aperbica of | tlvonssubstatate - 12,
t he body or structure of a gate el ectrode, Conventionally conprising

pol ysi ld ceie eposl tred: tak dd MLknessn of o et e edi Bd 0dlb a Se £ 00z @1 do de K00
Angstrom - 14, a |layer of liner oxide, typically conprising TECS, created

over the, sid ank 0fs 16, SURstd ate d G Sxposedie .

Figs. 2 through 5 address a first embodiment of the

invention, as follows:

Fig. 2 show a cross section after a layer of TEOS has
been deposited over the surface of the structure of Fig. 1, a
layer of silicon nitride has been deposited over the surface

of the layer of TEOS.

Fig. 3 shows a cross section after the layer of nitride
has been etched.

Fig. 4 shows a cross section after the etch of the layer
of silicon nitride has been extended, creating openings
through the layer of TEOS where this layer overlies the gate

spacers.



surfaces of the gate structure 12 to a thickness between about 150 and 250
Angstrom - 16, gate spacers, typically conprising silicon nitride, forned
over sidewalls of the gate structure 12. 8 It is assunmed in the cross
section that is shown in Fig. 1 that LDD and source/drain inpurity

implantationsignte thewsunf aeesef ssubsbhaherd® CRet cxpewsH Baveabeessr
conpleted imedi ately after the formation of the gate structure 12 that is

shown i r S I i i io - i te spacers
o, The T &y &8 t10 6Pt 8RPaer] Ber AR belt ored by St REFRal S or S hg of a
thin oxide over the sides of .the gate electrode 12 and over the surface of
the sub3tPite®to, ﬁs?ﬁa aP&Ror edry-oxidation process whereupon a confor mal
CVD oxide filmis deposited by deconposi ng TECS at between 700 and 750
degrees C. Gate spacers for gate electrodes are typically created using a
variety of materials such as silicon oxide, silicon nitride, BSG PSG

ot her materi BLgspr éf Ehabbrghof addiresécer secpadueabodibedki @¢¢ tdemed from a
TECS source. The preferred material of the invention for the creation of

t he gat éengpateéps, 16si $odilbwson nitride. Gate spacers 16 are fornmed by first
depositing a layer 16 of silicon nitride (Si 3Ng) over the surface of the

| iner oxide 14. The layer 16 of silicon nitride can conventionally be 9

Fig. 6 show a cross section after a layer of TEOS has

been deposited over the surface of the structure of Fig. 1.

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

been etched, stopping on the nitride of the gate spacers.

Fig. 8 shows a cross section after the exposed surface of
the gate spacers has been etched, creating gate spacers of

about an L-shaped profile.
DESCRIPTION OF THE PREFERRED EMBODIMENTS

The invention will now be described using Figs. 1 through
8, with Figs. 1 through 5 comprising a first embodiment of the
invention and Figs. 6 through 8 comprising a second embodiment
of the invention.

The first embodiment of the invention presents a process

that is referred to as a nitride salicide block process, the



deposited using LPCVD or PECVD procedures at a pressure between about 300
nmlrorr and 400 mflorr, at a tenperature between about 600 and 800 degrees C.,
to a thickness of between about 2,000 and 3, 000 Angstrom using NH3 and
SiH4. The silicon nitride |ayer 16 can al so be deposited using LPCVD or

PECVD psoe6€dr 8abb8inene beachaningast Mbxt gkessHeh aspdbebkar eakkang
(Sid2Hz) and ammonia (NH3). The preferred thickness of the invention for

the | t j i : d . t
e layerrof . 93 @oSé’gcﬁggg?%iégby;56??%}9@@91%989 .QQEOg?t F%%gglﬁ@gs rom

After deposition of 6 Instance siliconn of gate
Spacer n?teﬂial the layer 16 of silicon nitride is etched, stopping on the
| ayer 1% of o%f%%e?Fher. Shown in Fig. 1 are spacers 16 of silicon nitride
created on the sidewalls of the gate el ectrodes 12. The preferred nmethod of
the invention for the etch of the layer 16 of silicon nitride is a dry etch
such as applying an RIE etch using CHF3 or SF6-QZ as an etchant. It nust be
noted in theFeressdsecupandt Walli beshbanniihrEdg. salibadet héokcldyer 14 of
TECS, after spacer etch, remains in place overlying the surface of the
substr abeod®sandwbvehl| ysnghbhe surtheecobstheestivasuné F2gef. tthe gate

el ectrode due to the good etch selectivity between the silicon nitride that
i's usedthepulhesgate spacers 16 and the deposited 10 | ayer 14 of TEGCS.
The original thickness of the |ayer 14 of liner oxide of between about 150
and 250 Angstromis, after the etch for the creation of gate spacers 16,
reduced to a thickness between about |30 and 230 Angstrom The nitride

sal i ci de bIogKeagggggchgggtinu

sec %bn%e%hgkgis the cross section of
Fig. 1, shows the structure of a gate electrode created over
the surface of a silicon substrate, a layer of oxide liner has
been created over the surface of the gate electrode structure
while gate spacers have been created over the sidewalls of the
gate electrode structure. Specifically highlighted in the
cross section of Fig. 1 are:
-~ 10, the cross section of the surface of a silicon substrate
- 12, the body or structure of a gate electrode,
conventionally comprising polysilicon, deposited to a
thickness of between about 3,0000 and 7,000 Angstrom
- 14, a layer of liner oxide, typically comprising TEOS,
created over the surface of the substrate 10 and exposed
surfaces of the gate structure 12 to a thickness between about
150 and 250 Angstrom
- 16, gate spacers, typically comprising silicon nitride,

formed over sidewalls of the gate structure 12.



2, with the deposition of a |layer 18 of TEOS of between about |00 and 200
Angstrom t hi ck, deposited by applying CVD or PE CVD technol ogy LPCVD
procedures at a tenperature of between about 600 and 700 degrees C. and
deposited over the exposed surfaces of the structure that is shown in cross
section in Fig. 1. The layer of TEOCS that is shown in the cross section of
Fig. 2 as layer 18, is a fusion of layer 14 of TECS of Fig. 1 wth the
new y deposited |ayer of TEOS where the newy deposited |ayer.of TEOCS is in
cont act mﬁtﬁhiéV%r %i?%%&ﬂ%ﬁ?%@?rﬁﬁoﬁimﬁ%%% g? fﬁ%%el%e%?3 Hepdsit2d 1 ayer
of TECS overlying the gate spacers 16). It wll_ be notfed in the cross
secti on dfha d‘!DDg a(r}f’atsqqfécerfé?ﬁ?ﬁn oMY 1ERARARFIEHE E hensr Fake of
substrate 10 and the surface of the gate material 12 is larger than the
hei ght frfaggerofl sylptrage 11 Gy(re bl k2 weroeetn eeertotefe deposition
of the additional |ayer of TECS over the surface of |layer 14. The interface
bet weeninnedlayelry A tofr Rilge fomamdt tdre obwlye deposi sedutayee DR THROS
overlying layer 14 is not 11 hi ghlighted in the cross section of Fig, 2
since higd hsHayerisn comdiNesd o foi mwneid ayerawd JE& dbechddieahgtion
difference in thickness between |ayer 14 of Fig. 1 and layer 18 of Fig. 2
(mhere(£@Xﬁﬁx;&¥%@ggge¥%;he surface of substrate 10 and the surface of the
gate material 12) reflects the deposition of the additional |ayer of TEGCS.
Assum ng good step coverage of the created |ayer 18 of TECS, the | ayer 18
of TEGS overlying the gate spacers 16 is between about 100 and 200 Angstrom
thick while the Jayer 19 of JEQR OVETLY! 09, the 8otiyg syriace.aiggs of the
growing of a thin oxide over the sides of the gate electrode
12 and over the surface of the substrate 10, using a short
dry-oxidation process whereupon a conformal CVD oxide film is
deposited by decomposing TEOS at between 700 and 750 degrees

C.

Gate spacers for gate electrodes are typically created
using a variety of materials such as silicon oxide, silicon
nitride, BSG, PSG, other materials preferably of a dielectric
nature, CVD oxide formed from a TEOS source. The preferred
material of the invention for the creation of the gate spacers

16 is silicon nitride.

Gate spacers 16 are formed by first depositing a layer 16
of silicon nitride (Si3Ny) over the surface of the liner oxide

14. The layer 16 of silicon nitride can conventionally be



surroundi ng the gate structure 12 and the | ayer of TECS on the surface of
the gate structure 12 is between about 200 and 400 Angstromthick. The
latter is due to the previously stated observation that the |ayer of TECS
remains in place, with reduced thickness, overlying the surface of the

substrafepdfiend Q¥eryYyipovbhersprtasepebcbhgrsetr Het Hr prédsaket he gate
el ectrode after the gate spacer (16, Fig. 1) etch. The thickness of the

original Layer 14,01 TEEE4S.-dugal pobhergate spageroghchy neduced from an

origi na ue 0 et ween about 0 and Angstrom etween about

130- 230 strom 1 fter lL.ayer 18 of TEOS has been created, a |ayer
20 of spPregnt rbeithes?l aBotPBeHENERRSther siPt dcb oF REYEr OT8 of | TECS 1o
a thickness between about 200 and 400 Angstrom The |ayer 20 of silicon
nitri dePEEY8RR) akant bé: BBPodNted. B8P nBnEPEYR O SPEEVD Hprdeediitids athea
pressure between about 300 nTorr and 400 mforr, at a tenperature between
about 680landn800tdedeecdsy€er, lpr etar abby Hepdspredted asthiockReyd ofr

bet ween about 200 and 400 Angstrom using NH3 and SiH9. The silicon nitride

| ayer 20EcuD pksocbardepasihgdausengtEREVBasr mPk€Vbepsoctduses using a
reactant gas m xture such as dichlorosilane (Si Cl12H2) and ammoni a ( NH3)

For theq¢rR$srseeihAB Y Bat1Ls,)Shewn dnndri®k @BANd asecapeefkiieat i on of the
nitride salicide block process, the nitride salicide block etch, a main

nitridet ﬁgpnggs|8¥eEh 0ih§e£kgﬁh @SEfeggEg?XEQigfnggkngEE%%Q\Mll

essentia remove the nitride layer . rom above the ace of the
ayer 18,08, TEDS; 85,2000, 15819980895k 2b8 BhscRondnd

After deposition of a layer 16 of for instance silicon
nitride of gate spacer material, the layer 16 of silicon
nitride is etched, stopping on the layer 14 of oxide liner.
Shown in Fig. 1 are spacers 16 of silicon nitride created on
the sidewalls of the gate electrodes 12. The preferred method
of the invention for the etch of the layer 16 of silicon
nitride is a dry etch such as applying an RIE etch using CHFj

or SFs~0, as an etchant.

It must be noted in the cross section that is shown in
Fig. 1 that the layer 14 of TEOS, after spacer etch, remains
in place overlying the surface of the substrate 10 and
overlying the surface of the structure 12 of the gate
electrode due to the good etch selectivity between the silicon

nitride that is used for the gate spacers 16 and the deposited

10



substantially etch through the layer 18 of TECS where this |ayer overlies
the silicon gate spacers 16 as shown in cross section in Fig. 4, creating
the opening 17, Fig. 4, through the layer 18 of TECS. The main nitride etch
will not etch through to the active surface area of the substrate 10 or

throughifo-£heql gyerrdg. thé3or1§§5§1"EB§ékﬁés§'Bﬁethée§§yé9rﬁ@06§ are
covered with a relatively thick Fayer of TECS. The preferfed method of the

| nvent i o1y Lor oL 0ge MBENastLEERN. BLLET degelgl o o! gsgg%{n 20 i seacdry etch

such as appl yi ng usi ng S an et chan he mai n
nitride etch can gfron1the Cross section shown in conti nued,

b
Fig. 5, Bfchtthaf fh%h?an??Bé?nga eggﬁﬁcépgcfésaﬁé fﬁﬁéhﬁ?geFehéd in
accordance with the opening 17 that has_been created through the |ayer 18
of TECSCvhekeeshiketugenr aberFi &30t prdgafe BpEaEEFs™i6. It is well known in
the art that the etch rate for nitride is considerably faster that the etch
rate of TECS. A protective |ayer of TEGCS, consisting anong ot hers of oxide
stringers in locations 19, Fig. 5, that have been formed during and after

TECS puncht hrneghitandessal oundenglbbe apphbaghléohhahubas beenrgageat ed
t hrough the layer 18 of TECS) will therefore essentially remain in place.

The expgsewlgurEﬁéedgﬁoghelaht5fds 9al,8rSRACEESTEBSWok R WBERNEE AL a
relatively fast rate. This allows for the creation of an essentially

trzggpggcg{gﬁh!%0@{6$B§FE§§3£H&BQ,'8¥55s1§e8fb§'5b599lﬂ'tbv%eo%spih0““ in

CVD technology LPCVD procedures at a temperature of between

about 600 and 700 degrees C. and deposited over the exposed
surfaces of the structure that is shown in cross section in

Fig. 1. The layer of TEOS that is shown in the cross section

of Fig. 2 as layer 18, is a fusion of layer 14 of TEOS of Fig.

1 with the newly deposited layer of TEOS where the newly
deposited layer of TEOS is in contact with layer 14 (which is

not the case for the newly deposited layer of TEOS overlying

the gate spacers 16).

It will be noted in the cross section of Fig. 2 that the
height of layer 18 overlying the surface of substrate 10 and
the surface of the gate material 12 is larger than the height
of layer 14 in Fig. 1 by a measurable amount, due to the
deposition of the additional layer of TEOS over the surface of
layer 14. The interface between the layer 14 of Fig. 1 and the

newly deposited layer of TEOS overlying layer 14 is not

11



This L-shaped profile of the gate spacers 16 will be created while the

| ayer 18 of TEOCS overlying the active surface area of the substrate 10
surrounding the gate structure 12 and the TECS overlying the gate structure
12 remains largely in place. Al so, since source/drain inplantations have

been cofpiet&shidaredi alied Yerfd ersddei dordmtion, of $hecgateristragépse that

is shown T n cross section in Fig. 1, the profile of the L-shaped gate

struct i .S, Of C f j r [ n ' t j iLe. . ln
addi 11 e o SR A el RS, RS DG ok BT
formed after TE uncht hr ough,. w | rotect the spacer_shoul ders_and the
Spacer ST | v TR el thFor et shidurE At b Eetars Ther £9 shaped
spacers 16. These oxide stringers will be renpved fromlocations 19 at the
time of ("Piersataxddat cweptectome tserkaee ghi sukohpret es0t#Rddeleri ption
of the nitride salicide block process of the invention. Next will be
descri bk fdre THOS vl datielandtt @cka brbtesse bieeche iheedeponiuspngofr oss
section of Figs. 6 through 8. The cross section of Fig. 6 shows how a
rel ati viehey dduictki dayerl 22 ofoTENas been created, using above highlighted
15 met hods and processing conditions, by the deposition of an additional
| ayer of TECS over the structure that is shown in cross section in Fig. 1.
The |l ayer 22 of TECS is deposited to a thickness between about 300 and 500

Angstrom Crﬁ?@&ﬁ@hér§%od step coverage of the created layer 18 of
TEOS, the layer 18 of TEOS overlying the gate spacers 16 is
between about 100 and 200 Angstrom thick while the layer 18 of
TEOS overlying the active surface areas of the substrate
surrounding the gate structure 12 and the layer of TEOCS on the
surface of the gate structure 12 is between about 200 and 400

Angstrom thick.

The latter is due to the previously stated observation
that the layer of TEOS remains in place, with reduced
thickness, overlying the surface of the substrate 10 and
overlying the surface of the structure 12 of the gate
electrode after the gate spacer (16, Fig. 1) etch. The
thickness of the original layer 14 of TEOS is, due to the gate
spacer etch, reduced from an original value of between about

150 and 250 Angstrom to between about 130-230 Angstrom.
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hi ghlighted | ayer 22 of Fig. 6. The layer 22 of TEOCS is thicker where | ayer
22 overlies the active surface regions of substrate 10 (surrounding the
gate el ectrode) and the gate electrode 12 than the layer 22 of TECS
overlying the gate spacers 16 of the gate electrode that is shown in cross

tion in Fi i 8148, d 0 14, 1 Ei of TECS
section in FigheB. O $a{sr dyg %9 +86s PLES ePEEN Er% y%%tsé %Eggfa%gr

prior to the deposition of the (additional) [ayer 22 of
TECS, Fig._5,.wll be etched (the in TEOS efch), ich will stop,with

i gh set Bt b Poh AL ERENE TF OHESr hadeo Trncbh € Her PEEE ohel evEEatabet | on
of Fig. 7. TEQOS oxide stringers will also be forned in |ocations 21, Fig.

7, on thk THoul Herd %%HC¥%%9?OB?t%?e?h%b@%Fezgga%%?s49%.ARPFFFH@'cﬁéﬁical

wet etch is known to have high selectivity with respect to polysilicon
(layer l12yeFig0 qf ahdiqEosnokrdde ((ay8¥)2ZanFibg. dEposAgsidy iusg ncher ef or e
wet chem cal nitride etch after the main TEGCS etch has been conpleted (Fig.
7) al | cRCYheotf oPREAYD oprotedhnest at- shapedsgatebspaeensabbtih ADAI mal
gouging into the substrate and the surface of 16 surroundi ng regi ons of

field oxtéler asnghoed hMogtpsstsecte@petacttg. b8rwdbe axbde sboi Agars 21,
Fig. 7, wll be renoved at the tine of pre-salicidation, pre-cobalt clean

The pregeqredypLehi 89, cOpErLL9PsyOhebBsitBMERLT QN hiOEKhBEsMBENLELGRAF TEOS

| ayer 22 are applying an etchant”gas of CF4 or CHF3 at a flow rate of about
Lo scCmyalc 3 935, R CFAHT £na00UL, 500 ok, &4 fsfiowerdensity, of about 400
Watts, fio magnétic field applfred, an ambi ent” wafer %enperature,rilne of the
et ch bei ime_controlled and experinentally determ ned.
nfgrEde layer Sb can agso Be depos?teg usgng LPCVD or PECVD
procedures using a reactant gas mixture such as dichlorosilane

(SiClyH,) and ammonia (NH3).

For the cross section that is shown in Fig. 2 and as a
continuation of the nitride salicide block process, the
nitride salicide block etch, a main nitride etch of layer 20
is first performed. This nitride etch will essentially:

e remove the nitride layer 20 from above the surface of the
layer 18 of TEOS as shown in cross section in Fig. 3, and

® substantially etch through the layer 18 of TEOS where this
layer overlies the silicon gate spacers 16 as shown in cross
section in Fig. 4, creating the opening 17, Fig. 4, through

the layer 18 of TEOS.

The main nitride etch will not etch through to the active
surface area of the substrate 10 or through to the layer 12 of

13



The first enbodi ment of the invention can be summarized as follows: a
substrate is provided at |east one gate electrode is created over the
surface of the substrate inpurity inplantations are perforned into the
surface of the substrate self-aligned with the created at | east one gate

el ectrode o %é@é’Hansiﬂé‘@rt@é‘ége%ufﬁgl’éé5598 J%%Bswiﬁ’ﬁ"@d to a

t hi ckness between about 150 and 250 Angstrom over the exposed surface of

t he substrate and exposed surfa the at | east one gate electrode gate
spacers%e%ékﬁﬁ?éyréyéﬁ ig e%i?f?§%$§are formed over sidewalls of the at

| east one gate el ectrode, the gate 17 spacer etch stops on the | ayer of

| i ner oxide, reducing the original thickness of the |layer of liner oxide to
bet ween about 100 and 200 Angstrom a layer of TEOS is deposited over the
gat e spacer s'kmdeshosed siethed of the layertspn| faertbgi@eifusing with
the original |layer of TEOCS of reduced thickness where the |ayer of I|iner

oxi de asl idwen deposidedetayesf ofhdECSyent 2Dsista dryagechobuahtasde is
deposited over the surface of the deposited | ayer of TECS, and a main etch
i s applagsh ¢ ng hen deppsét el hayes ORFNidy igi|-0c0aBr ki Bgchdntan overetch

t hrough the | ayer of TEOS deposited over the gate spacers 2. creating an
openi ng through the | ayer of TEOCS where the | ayer of TEGCS overlies the gate
spacers

The main nitride etch can (from the cross section shown
in Fig. 4) be continued, Fig. 5, such that the (nitride) gate
spacers 16 are further etched in accordance with the opening
17 that has been created through the layer 18 of TEOS where
this layer overlies the gate spacers 16. It is well known in
the art that the etch rate for nitride is considerably faster
that the etch rate of TEOS. A protective layer of TEOS,
consisting among others of oxide stringers in locations 19,
Fig. 5, that have been formed during and after TEOS
punchthrough (and surrounding the opening 17 that has been
created through the layer 18 of TEOS) will therefore
essentially remain in place. The exposed surface of the
nitride gate spacers 16 will be etched at a relatively fast
rate. This allows for the creation of an essentially L-shaped
profile of the remaining layer 16 of silicon nitride as shown

in cross section in Fig. 5.

14



3. exposing the gate spacers of silicon nitride, and 4.form ng oxide

stringers over spacer shoulders and the foot of the spacers, and further
etching into the exposed surface of the gate spacers, applying a nitride
etch. The second enbodi rent of the invention can be summarized as foll ows:

a substrate tig; provigieged8ororfie |l 8ASEtHONGa 08 EpELEELT Pey i $1ChHEAt €d over
the surface of the substrate inpurity inpl antaglons are perforned into the

surfaceolathe substiate sebl:alhanpdribinotbe: orggtefleatologst one gate

electro oxi de risi fornmed to a
t hi ckness etmeen about. 150 and 250 stron1ov§r the exposed surface of

the sub3ttate® and™exp sERE ST %Eﬁit%f heUEF OYRELsRIohBEgHRE el ect rode gate

spacers, conprising silicon nitride, are formed over sidewalls of the at

| east oﬁ%rgﬁﬁ%ﬁ%l t@%@eth?h%E@%t%V%bhEé@geFBﬁ 98bPsSbRUERBIRayér of |iner
oxi de, reducing the original thickness of the layer of liner oxide to

bet weenremains 139r aatly 230 Phgserom a |layer of TECS is deposited over the
gate spacers and exposed surface of the layer of |iner oxide fusing with
the original layer of TEOCS of reduced thickness where the layer of I|iner
oxi de and the deposited |ayer of TECS intersect the layer of TECS is

?g?hed, CONMPA $bNYsidce SEORPEOGAVAIR Mhghageheebh¥l h¥venpkBg gate spacers
completed immediately after the formation of the gate
structure that is shown in cross section in Fig. 1, the
profile of the L-shaped gate structure is of no concern for
impurity implantations at this time. In addition, the oxide
stringers in locations 19, Fig. 5, that have been formed after
TEOS punchthrough, will protect the spacer shoulders and the
spacer width during the etch of the spacers 16 to create the
L-shaped spacers 16. These oxide stringers will be removed

from locations 19 at the time of pre-salicidation, pre-cobalt

clean.

This completes the description of the nitride salicide
block process of the invention. Next will be described the
TEOS salicide block process of the invention using cross

section of Figs. 6 through 8.

The cross section of Fig. 6 shows how a relatively thick

layer 22 of TEOS has been created, using above highlighted

15



silicon nitride) 2. creating an opening through the |ayer of TECS where the
| ayer of TECS overlies the gate spacers 3. exposing the gate spacers of
silicon nitride 19 4. form ng the oxide stringers over spacer shoul ders
and the foot of the spacers, and further etching into the exposed surface

of the @alioEPAGR] Sor SRR YiME ot ides etish. t ik thopghi £ heni H¥enhi on has

been described and illustrated with reference to specific illustrative
enbodi { foodd | [ t ' [ limted to
Those (TTUEH AT bo st ol | SYEE PR Trhat (hre DEFEL B, PRovh Ay

that variations and nodifjcatjo c be nﬁge i t.departing fromthe
S rit RO SrOtR [ gh TS T 5 TR T orer | At RblE T +hcRanes AER ROt ho
invention all such variations and nodifications which fall within the scope
of the AppeheRPes PHE PR TRIFVaPeht3nd het @okngshromypparessingarhed is: 1.
A nethod for the creation of gate spacers over sidewalls of a patterned and
et ched hiylekigitert Bayar e2? abf Ebaprésing the steps of: (A) providing a
sem conductor substrate, said substrate having been provided with active
surface regions in the surface thereof; (B) creating at |east one patterned
and etched | ayer of
The layer 22 of TEOS is thicker where layer 22 overlies

the active surface regions of substrate 10 (surrcunding the

gate electrode) and the gate electrode 12 than the layer 22 of

TEOS overlying the gate spacers 16 of the gate electrode that

is shown in cross section in Fig. 6. This is due to the

presence of layer 14, Fig. 1, of TEOS prior to the deposition

of the (additional) layer of TEOS.

The layer 22 of TEOS, Fig. 5, will be etched (the main
TEQOS etch), which will stop with high selectivity on the
silicon of gate spacers 16, see the cross section of Fig. 7.
TEOS oxide stringers will also be formed in locations 21, Fig.
7, on the shoulders and the foot of the gate spacers 16.
Nitride chemical wet etch is known to have high selectivity
with respect to polysilicon (layer 12, Fig. 7) and TEOS oxide
(layer 22, Fig. 7). Applying therefore wet chemical nitride
etch after the main TEOS etch has been completed (Fig. 7)
allows the formation of almost L-shaped gate spacers with

minimal gouging into the substrate and the surface of
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gate el ectrode material over the active surface regions of said substrate;
(© providing inmpurity inplantations into the active surface regions of
said substrate self-aligned with said at | east one patterned and etched
| ayer of gate electrode nmaterial; (D) creating a | ayer of |iner oxide over

exposeds SHfd @eepnf r& ignétofe§§é19”§xpéét§£”§Ho@ﬂdlﬁtEPSQs'§¥€E18£ gate

el ectrode materi a ereby including the surface of sal active surface

t
o0l on py oy gedy | i e syl age, of spldypubsigate; (B cpeating, ggtecspacer s

using a first'|ayer Space? naterf af ~dver’si sald at | east
one patterned and_etched | ayer o ate electrode material; (F) depositing a
| ayer off %lbﬁm?eﬂBePﬁ?u?%i %ﬁ@%ﬁb?g nﬁf%r?ﬁ?agEeF LERB- exposed surface of
said gate spacers, 21 t hereby i ncl udi ng exposed surfaces of said | ayer of
| i ner oxide, said |ayer of high-tenperature imgeable material being
selected as having an etch rate that is Iower than an etch rate of said

| ayer of firBhegatefspaedrenehéngatobgininrasafabhe anwvantjiosaifdr| alter of

hi gh-tenperature i mageable material further being selected as being able to
conbi nemav th he 8@h dof ayrOS Ol aléner20xirdeapplping anceabhaad hayeorhaying

uni form sem conduct or processing characteristics of said conmbined | ayer;

(G) depgsi tiRg A& SECOnd At &Ff Sk 0Pd &sSRACE L NAt@Ld %r@é’@tﬁré he surface
of said | ayer of high-tenperature imgeabl e nmaterial, said second | ayer of
sai d gaggoﬁpaggé mTorr, a rf power density of about 400 Watts, no

magnetic field applied, an ambient wafer temperature, time of

the etch being time controlled and experimentally determined.

The first embodiment of the invention can be summarized

as follows:
¢ a substrate is provided

¢ at least one gate electrode is created over the surface of
the substrate

e impurity implantations are performed into the surface of the
substrate self-aligned with the created at least one gate

electrode

e a layer of liner oxide, comprising TEOS, is formed to a
thickness between about 150 and 250 Angstrom over the
exposed surface of the substrate and exposed surfaces of the
at least one gate electrode

e gate spacers, comprising silicon nitride, are formed over

sidewalls of the at least one gate electrode, the gate
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mat eri al being selected as having an etch rate about equal to an etch rate

of said first |layer of gate spacer material; (H) etching said second |ayer

of gate spacer material, said etching conprising: (i) stopping on about the
surface of said | ayer of high-tenperature i nageable material, thereby

reduci ng an dgidialh tdiggdess e salydd ayern e high-denmesatdin gy itmgeabl e
mat eri al by a nmeasurabl e anmount; then (ii) over-etching through the | ayer

of hi gh-t e;mesalur ¢ yimHgeanl %mh%rilgmegﬁg%ﬁifi rotvcﬁzeic;41et@>ag§a§éﬁeg urface

of said gate "spacers, creating an op roug ayer

tenperature | | e terial ere the |l ayer of high 22 tenperature

i mgeabl e %‘gﬁ%b&@ﬁ@s A spacers, exposing the surface of said
gate spacers, and (iii) formng stringers of high-tenperature imgeabl e

mat eri a¢ adjlegem afo B4 icpetupws idreshtetet roughpe tthespayars ofnd

hi gh-tenperature i mageable material and overlying the gate spacers; and (I)
et chi ng t herpqeas edirsiddaces afhesdidygatef shiacer sox e Thes 1veg hodcloftied ai m 1,
said | ayer of gate el ectrode conprising polysilicon. 3. The nmethod of claim

1, said | MrgiQ{algaI[a%/&J et ragies het nadeRasidieth ke & thhEkaesise of a pet ween
about 1,500 and 3,000 Angstrom 4. The nethod of claim11, said providing

i mpurity implantatians,dnfot i Ve surf i OfysH ©f 5 . sal trat
cgprrpris%/ngﬁlprrquﬂrhtae?ﬁadt%{ko%nésr%)rgi Ltji}geht fétl)sglpe Di ué%%%)l%%%%@:mga ©

source and drain regions., . )
¢ a layer of nitride is deposited over the surface of the

deposited layer of TEOS, and

¢ a main etch is applied to the deposited layer of nitride,
comprising:

1. an overetch through the layer of TEOS deposited over the
gate spacers

2. creating an opening through the layer of TEOS where the
layer of TEOS overlies the gate spacers

3. exposing the gate spacers of silicon nitride, and

4, forming oxide stringers over spacer shoulders and the

foot of the spacers, and

e further etching into the exposed surface of the gate

spacers, applying a nitride etch.

The second embodiment of the invention can be summarized

as follows:

e a substrate is provided

18



5, The method of claim1, said |layer of |iner oxide conprising
tetra-ethyl-ortho-silicate (TECS). 6. The nethod of claim1, said |ayer of
|l i ner oxide being created to a thickness between about 100 and 200
Angstrom 23 7. The nethod of claiml1, said first |ayer of gate spacer

materia) COMIdANGR 4L diddd e Brs TGARINULO! G ddrasaidel st
| ayer of gate spacer neterial being deposited to a thickness of between
about 2001§1d 4Q Angstrom 9. The met hod of claim1, said |ayer of

. subst e . . L.

hi gh-t enperat ure 1 mageabl e material conprising tetra-ethyl-ortho-silicate
(TECS). 10. The nethod of claim1, said |ayer of high-tenperature inmgeable
mat eri af BEY idep odiR lean tak o i ke ez e nl Bpouthe 5o akRC250f AHySt rom
11. The method of claim1l, said second | ayer of said gate spacer materi al
conpri si ngpwWidtiore mali-cel idried Tt methimdoodattddiant 1l esat dorsecyatte | ayer of
said gate spacer material being deposited to a thickness between about 200
and 400 Angsidtorwedel3. The nethod of claim 1, additionally renoving said
stringers of high-tenperature imageable nmaterial from adjacent to said

[ h h I I ghr 4 ] bl
mator 1 o dnd e 157 no 1 ge L R R TR S At "R Gt on

F0Cess.
P thickness between about 150 and 250 Angstrom over the

exposed surface of the substrate and exposed surfaces of the

at least one gate electrode

e gate spacers, comprising silicon nitride, are formed over
sidewalls of the at least one gate electrode, the gate
spacer etch stops on the layer of liner oxide, reducing the
original thickness of the layer of liner oxide to between

about 130 and 230 Angstrom

¢ a layer of TEOS is deposited over the gate spacers and
exposed surface of the layer of liner oxide fusing with the
original layer of TEOS of reduced thickness where the layer
of liner oxide and the deposited layer of TEOS intersect
e the layer of TEOS is etched, comprising:
1. stopping with high selectivity on the gate spacers (of
silicon nitride)
2. creating an opening through the layer of TEOS where the
layer of TEOS overlies the gate spacers

3. exposing the gate spacers of silicon nitride
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14. The method of claim 1, said reducing an original thickness of said

| ayer of high-tenperature i nageable nmaterial by a neasurabl e anount
conprising reducing a thickness of said |ayer of high-tenperature inageable
material from between about |50 and 250 Angstromto between about 100 and
200 Angstronrodiind oBEhedifer stbengeeat boBrokpgake spacensrevanasikdewval | s
of a patterned and etched | ayer of gate material, conprising the steps of:
providing a sgpicghdugtoL sulRstratgy said substrate having been provided

W th active surface regioﬁs In"fhe surface thereof; creating at |east one
patterned and etched | ayer, of gate el ectrode material over the active
surface’réﬁﬁ&ﬁ@ﬁﬁegﬁﬁ%ﬁ&nﬁﬂﬁq he SIRRAH P iR ey TSt ati ons into
the active surface regions of said substrate self-aligned with said at

| east one JP@GeETNedNd ST Hed I tagdede Ft@at e el ectrode material; creating a
| ayer of |iner oxide over exposed surfaces of said at |east one patterned
and etched | ayer of gate el ectrode 25 material, thereby including the
surface of said active surface region provided in the surface of said
substrate; cpeahbighgahe spaearsoaf hskl been Biekkird®cavenhdsiidewaltsiteld sai d
at | east one patterned and etched | ayer of gate el ectrode material;

deposi tj;ngnarbayeenot TEOSHQYEE 1eXResadtihe isi Lase QhetRisd t9ake s3Dacer s,
t hereby 1 ncludi ng exposed surfaces of said | ayer of |iner oxide;
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 include within the invention all such

variations and modifications which fall within the scope of

the appended claims and equivalents thereof.
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depositing a layer of silicon nitride over the surface of said | ayer of
TEGCS; etching said |layer of silicon nitride, stopping on about the surface
of said |layer of TEGCS, thereby reducing an original thickness of said |ayer
of TECS by a neasurabl e anount; then over-etching through the |ayer of TEGCS
deposi tgdsoves theigxposed surface of said gate spacers, creating an
openi ng through the | ayer of TECS where the | ayer of TEGCS overlies the gate
spacers, exposing the surface of said gate spacers, form ng stringers of
TECS adj acent to said opening created through the | ayer of TECS and
overlying i he gat acers; and _etching the exposed surface of id gate
cpacer st b RatEb R PREGERE Par it oLarhrFafRrCarogare oatbrates oF
conpri sing polysilicon. 26 17. The method of claim 15, said. |ayer of gate
eIectro@ep%gFﬁﬁn%@pﬁgﬂt%HC?%dal?H?EkﬂgsgaBP BetfEénlab66TPE160D06 &RhE& 7, 000
Angstrom 18. The nethod of claim 15, said providing inpurity inplantations
into thetepsivé:surface regi ons of said substrate conprising inplantations
of Lightly Doped Diffusion (LDD) regions and source and drain regions. 19.
The net hod ofArl provi8ingaadskayeondtictbnesubxidetepnpniisi Bgbstrate
tetra-ethyl-ortho-silicate (TECS). 20. The nethod of claim 15, said |ayer

of |inerapxhgdepbehngreteabadwl Ohaathi cknessrhetweegiahguinl@@eand 200
Angstrom 21. The method of claim 15, silicon nitride for said gate spacers

bei ng dgpesitedit9-aokhi ckness of between about 200

(B) creating at least one patterned and etched layer of
gate electrode material over the active surface regions of
sald substrate;

(C} providing impurity implantations into the active
surface regions of said substrate self-aligned with said at
least one patterned and etched layer of gate electrode
material;

(D} creating a layer of liner oxide over exposed surfaces
of said at least one patterned and etched layer of gate
electrode material, thereby including the surface of said
active surface region provided in the surface of said
substrate;

(E}) creating gate spacers using a first layer of gate
spacer material over sidewalls of said at least one patterned
and etched layer of gate electrode material;

(F) depositing a layer of high-temperature imageable

material over the exposed surface of said gate spacers,
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and 40 Angstrom 22. The nethod of claim 15, said |ayer of TECS being
deposited to a thickness between about |50 and 250 Angstrom 23. The net hod
of claim 15, said layer of silicon nitride being deposited to a thickness
bet ween about 200 and 400 Angstrom 27 24. The nethod of claim 15,

add't'OBﬁéiabyeﬂﬁalnalﬁélQx§é§é89§ﬁ§f9ée358§ E£981@Q%é968k E@né@'d Openlng
created through the | ayer hi gh-tenperature I nageable material and

overlyipng; s he g?i& f%?&?réf'ﬁl EGPS%ﬁékQEuLerﬁ?Sgé 'd%5£89 ioﬁgiﬁgyer of

The net od of al m reducrng an ori kness©of “sai

TECS by bl e t t hi f said TEOS
{rom beTakERCSthont (801 BAd"250 ANGEE Fant L0 biT WbBHCALEAPR 160 SRa1200

Angstrom 26. A method for the creation of gat e sEacers over sidewalls of a
pat t er nedtandf etehedl pugEr 0bf f§EEE ﬁﬁ?@rﬁaﬁceéoﬁﬁ PELAg PHedsteps of: (A)
provi ding a seni conductor substrate, said substrate having been provi ded
with ach¢ysusabpiacenpegionsaia lagesuofabéghheewperatBrecimagenahlat | east
one patterned and etched | ayer of gate electrode nmaterial over the active
surfacemsegtrbas ofirshed SabsyrateectEN psovedhfgabmputbt ¥omBphanivathons
into the active surface regions of said substrate self-aligned with said at
| east opgi@aispspedrandnetchedqbayerm@hgoat eofbertrodg ARt BEi2hg
uniform semiconductor processing characteristics of said
combined layer;
(G) depositing a second layer of said gate spacer
material over the surface of said layer of high-temperature
imageable material, said second layer of said gate spacer
material being selected as having an etch rate about equal to
an etch rate of said first layer of gate spacer material;
(H) etching said second layer of gate spacer material,
sald etching comprising:
(i) stopping on about the surface of said layer of
high-temperature imageable material, thereby reducing an
original thickness of said layer of high-temperature imageable
material by a measurable amount; then
(ii) over-etching through the layer of high-temperature
imageable material deposited over the exposed surface of said

gate spacers, creating an opening through the layer of high-

temperature imageable material where the layer of high-
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28 (D) creating a layer of liner oxide over exposed surfaces of said at
| east one patterned and etched | ayer of gate electrode material, thereby
i ncluding the surface of said active surface region provided in the surface
of said substrate; (E) creating gate spacers using a | ayer of gate spacer

mat eri a£efﬂ%ﬁ@&a%hgé"‘@hgﬁe%léa{ngt@E15§a%ﬁre9'1‘iegatth%r E;%@ea% aglghed layer of

gate el ectrode nateri depositing a layer I gh-tenperature
|nageable naterl h over tgg e poseg_surface of said e ate spacers, thereby
i ncl udi RGPExpaded " SuPFAEES oP J&F SP(TRSr 6%°de, said |ayer of

hi gh-tenperature inmageabl e naterlal eln sel ected as having an etch rate
that is | ower l%tuﬁP%ﬁﬁQﬁ<ﬁ1?%ﬁ¥?%ﬁ Shilp ¢ y%$mEﬁr?F?§? Yarecapheer materia

by a neasurabl e anount, said |ayer of high-tenperature inageable nateri al
further mbésﬁgaéeadaﬁéénés theisAaddablbentiadc gFbRte dwithiy osigind they davefr 1oitner
oxi de form ng a conbi ned | ayer havi ng uniform sem conductor processing
charact bipbttespetasaird coagienbdel aperried) aetichiveylydind taypegasfe

hi gh-tenperature i mageable material, said etching conprising: (i) stopping
on aboukpkhersur kage of said |ayer of gate spacer material, thereby
reduci ng an original thickness of said | ayer of high-tenperature i mageabl e

material by(f) AR D! Eh A PHI s 8T S8 L AGe A0r OPENANGat BT OYGBLRE | aYEr of
2. The method of claim 1, said layer of gate electrode

comprising polysilicon.

3. The method of claim 1, said layer of gate electrode being
deposited to a thickness of between about 1,500 and 3,000

Angstrom.

4. The method of claim 1, said providing impurity
implantations into the active surface regions of said
substrate comprising implantations of Lightly Doped Diffusion

(LDD) regions and source and drain regions.

5. The method of claim 1, said layer of liner oxide comprising

tetra-ethyl-ortho-silicate (TEOS).

6. The method of claim 1, said layer of liner oxide being

created to a thickness between about 100 and 200 Angstrom.

23



hi gh-tenperature i mageable materi al where the |ayer of high tenperature

i mgeabl e material overlies the gate spacers, exposing the surface of said
gate spacers; and (ii) form ng stringers of high-tenperature inmageable

mat eri al adj acent to said opening created through the |ayer of

hi gh-t enperrgtune chaggeablke .nmt 1 i akiand jover hwiag the g%%tee sPRaesrs; and (H)
etching the exposed surface of said gate spacers. 27. The nethod of claim

26, sai of ct.r o] i.Si;ng polysilicon. 28. The nethod of
claim?2 ?k§§?51|§§§§&gf§é§t§l§ 28 rgggr%g%ﬁg deposited to a thickness of
bet ween about 1,500 and 3,000 Angstrom 29. The nmethod of claim26, said
providing inpurity inplantations into the active surface regions of said
substrate conprising inplantations of Lightly Doped Diffusion (LDD) regions
and soufceTARAMELAPA Pégicdadm 30. SPHE ﬁéﬁﬁ&d{éﬁeéléﬁwﬂ?éﬁ $HF9rayer of

|l i ner oxide conprising tetra-ethyl-ortho-silicate (TECS). 31. The net hod of
cl ai m 2@atsgidll hpangoticpionétedxitde abgihigkoesst of e tacteh cboeds 296 ween
about 100 and 200 Angstrom 30 32. The nethod of claim 26, said |ayer of
gat e spaeer 40aRepisalromonprising silicon nitride. 33. The nethod of claim
26, said |ayer of gate spacer material being deposited to a thickness of
bet ween about 200 and 40 Angstrom 34. The nethod of claim 26, said |ayer
of high-tenperature i nageable material conprising

tetra- ebhyhnr tRengld b¢at8aim 1, said layer of high-temperature
imageable material comprising tetra-ethyl-ortho-silicate

(TEOS) .

10. The method of claim 1, said layer of high-temperature
imageable material being deposited to a thickness between

about 150 and 250 Angstrom.

11. The method of claim 1, said second layer of said gate

spacer material comprising silicon nitride.

12. The method of claim 1, said second layer of said gate
spacer material being deposited to a thickness between about

200 and 400 Angstrom.

13. The method of claim 1, additionally removing said
stringers of high-temperature imageable material from adjacent

to said opening created through the layer of high-temperature
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(TECS). 35. The nethod of claim 26, said |ayer of high-tenperature

i mageabl e material being deposited to a thickness between about 150 and 250
Angstrom 36. The method of claim 26, additionally renoving said stringers
of high-tenperature i nageable material from adjacent to said opening

creat edifhhgedphet hatkayan ahdhbgBrigiper ahur galtkageakl-e smateri al and
overlying the gate spacers in preparation for a salicidation process. 37.

The ”EtBQQﬁ%Eaﬁkéh”Eg§’as %ﬁigggggggglggﬁggggtnal thi ckness of said |ayer

of high-tenperature inmageable materia measur abl e anount conpri sing
reduci ng a thickness of said | ayer of high-tenperature imgeable materi al
from between 31 about 150 and 250 Angstromto between about 130 and 230
Angstrom 38, A neéhod for the creation of gate spacers over sidewalls of a
patternéé'aﬂheeWEH 891 ¥ eF18fMyadr e SRECeFCANCLOGNEH g itRe SHdpngss
provi ding a sem conductor substrate, said substrate having been provided
with ac@gvéaédrﬁéﬁérr@éi6ﬁ§hrﬁeﬂﬁ@r§ﬁpﬁ§cém@ﬁ@@§6ﬁ;H@ﬁéﬁﬂ@dgbﬁtaleast one
patterned and etched | ayer of gate el ectrode material over the active
sur f acempeguonblef apaudtsgbspratengprevdudiimg anrdictkyeissplogntsatiidons i nt o
the active surface regions of said substrate self-aligned with said at
| east onaypat bér Aedhandngehed rleay e gehgat eatleedtanode omieytwalen creating a
| ayer of |iner oxide over exposed surfaces of

about 150 and 250 Angstrom to between about 100 and 200

Angstrom.

15. A method for the creation of gate spacers over sidewalls
of a patterned and etched layer of gate material, comprising
the steps of:

providing a semiconductor substrate, said substrate
having been provided with active surface regions in the
surface thereof;

creating at least one patterned and etched layer of gate
electrode material over the active surface regions of said
substrate;

providing impurity implantations into the active surface
regions of said substrate self-aligned with said at least one
patterned and etched layer of gate electrode material;

creating a layer of liner oxide over exposed surfaces of

said at least one patterned and etched layer of gate electrode
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said at | east one patterned and etched | ayer of gate el ectrode material,
t hereby including the surface of said active surface region provided in the
surface of said substrate; creating gate spacers of silicon nitride over
sidewal I s of said at | east one patterned and etched | ayer of gate el ectrode

"Hteriaﬁat9§99§itkﬂgrébyaYEE19815§C§h8V§hr%éE%5%@_%H&Ea%%tQEeS%th%%k?
spacers, thereby including exposed surfaces of said |ayer of |iner oxide;

32 etghing,said.laver o (TEOS. $1appiog 0o aboul the surface of said gate
Yy |

re iy ’
spacers, there reduci ng an origi na AessS of said | ayer of TECS by a
measur abl e anmount, creating an opening_&hrough,the | ayer of,TECSlﬁhere t he
| ayer of TECRIB9ELNPedefReSHarerspalerd l1eR oS g 10Re VGt &d8ePdSi d gate
spacers, formng stringers of TECS adjacent to said opening created through
the | ayef 8piF¥EES ARdStverPyPa§tenacdaradspachest laygrecchigsdet he exposed
surface of said gate spacers. 39. The nethod of claim38, said | ayer of
gate el eterbdedeompkesiing;pol ysilicon. 40. The nethod of claim 38, said
| ayer of gate el ectrode being deposited to a thickness of between about
3, 0000 and 748P0sARgsyr am agdr thHe TEEREhoG el ecdpaisdB&hesaiud fayc@vicd ng
inmpurity inplantations into the active surface regions of said substrate

conpri skpgqi gREantaki-ers, ok hkirghll ¥ nBaRed nl ikipeis@d (hPlDa J2gicdnNs ARd
source and drain regions. 42. Thé nethod of claim 38, said |layer of liner

oxide 1, uer of liner oxide;

depositing a layer of silicon nitride over the surface of
said layer of TEOS;

etching said layer of silicon nitride, stopping on about
the surface of said layer of TEOS, thereby reducing an
original thickness of said layer of TEOS by a measurable
amount; then

over-etching through the layer of TEOS deposited over the

exposed surface of said gate spacers, creating an opening
through the layer of TEOS where the layer of TEOS overlies the
gate spacers, exposing the surface of said gate spacers,
forming stringers of TEOS adjacent to said opening created
through the layer of TEOS and overlying the gate spacers; and

etching the exposed surface of said gate spacers.

16. The method of claim 15, said layer of gate electrode

comprising polysilicon.
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conprising tetra-ethyl-ortho-silicate (TECS). 33 43. The nethod of claim
38, said layer of liner oxide being created to a thickness between about
100 and 200 Angstrom 44. The method of claim 38, silicon nitride for said
gate spacers being deposited to a thickness of between about 200 and 40

Angstrony 45, The tiRihed of Ghaim 38, 13ai1dJAYerr ofatEFQ hal ghdeposided to
a thickness between about 150 and 250 Angstrom 46. The nethod of clalm 38,

addi tional |y .r in i.d,,strin f TECS.fram.adj nt {d opening
created %ﬁ%&&%@%@ I%af/%rlco ehslsg%f\f{ Zyr?pewreaetnuraeb qugcag%gin(ﬁg)er%}éeﬁ ’z(fdcgnd
overlying the gate spacers in preparation for a salicidation process. 47.
The net %ﬁrdi'ain138, sai d reducing an original thickness of said | ayer

of TEGCS by a neasurabl e anount conprising reducing a thickness of said TECS

from bet ween about 150 and 250 Angstromto between about 130 and 230
Angstro&ﬁ-SEhe method of claim 15, said providing impurity

A 9. Ay9. Ay9. Ay9. AS . Af L. Af L. Af L. A9. Ahy9. Ay9. Af 9. A{ % AN% Ay9. Ay9. AUy% Af 9. A
U . Af L. Afrip1Ay@ aA%oN IS Ay aAttyiOrcAMARE 2 oif Lol oMy & Ay iAf LO: <EFb} 2LmYj k

N| wr mhc”Y] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]ca]ca]ca
] ca] ca] catdstalgal calnphaltals akgalatlMB\drdcd #awhtdly Doped Diffusion

}xsni d_Z]]ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]calca]ca]ca]ca]ca]ca]ca]ca]ca

] ca] ca] C@]ﬁ}a}] (i%]gpl@n%a]a(fﬁii %Q:]Lﬁqgecaa!nd :d%ajin I%egions .

19. The method of claim 15, said layer of liner oxide

comprising tetra-ethyl-ortho-silicate (TEOS).

20. The method of claim 15, said layer of liner oxide being

created to a thickness between about 100 and 200 Angstrom.

21. The method of claim 15, silicon nitride for said gate
spacers being deposited to a thickness of between about 200

and 40 Angstrom.

22. The method of claim 15, said layer of TEOS being deposited

to a thickness between about 150 and 250 Angstrom.

23. The method of claim 15, said layer of silicon nitride
being deposited to a thickness between about 200 and 400

Angstrom.
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deposited to a thickness of between about 1,500 and 3,000

Angstrom.

29. The method of claim 26, said providing impurity
implantations into the active surface regions of said
substrate comprising implantations of Lightly Doped Diffusion

(LDD) regions and source and drain regions.

30. The method of claim 26, said layer of liner oxide

comprising tetra-ethyl-ortho-silicate (TEOS).

31. The method of claim 26, said layer of liner oxide being

created to a thickness between about 100 and 200 Angstrom.
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Angstrom.

34. The method of claim 26, said layer of high-temperature
imageable material comprising tetra-ethyl-ortho-silicate

(TEOS) .

35. The method of claim 26, said layer of high-temperature
imageable material being deposited to a thickness between
about 150 and 250 Angstrom.

36. The method of claim 26, additionally removing said
stringers of high-temperature imageable material from adjacent
to said opening created through the layer of high-temperature
imageable material and overlying the gate spacers in

preparation for a salicidation process.

37. The method of claim 26, said reducing an original
thickness of said layer of high-temperature imageable material
by a measurable amount comprising reducing a thickness of said

layer of high-temperature imageable material from between
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creatlng at least one patterned and etched layer of gate

electrode material over the active surface regions of said
substrate;

providing impurity implantations into the active surface
regions of said substrate self-aligned with said at least one
patterned and etched layer of gate electrode material;

creating a layer of liner oxide over exposed surfaces of
said at least one patterned and etched layer of gate electrode
material, thereby including the surface of said active surface
region provided in the surface of said substrate;

creating gate spacers of silicon nitride over sidewalls
of said at least one patterned and etched layer of gate
electrode material;

depositing a layer of TEOS over exposed surface of said
gate spacers, thereby including exposed surfaces of said layer

of liner oxide;
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C 10H spacers, forming stringers of TEOS adjacent to said opening
created through the layer of TEOS and overlying the gate
spacers; and

etching the exposed surface of said gate spacers.

39. The method of claim 38, said layer of gate electrode

comprising polysilicon.

40. The method of claim 38, said layer of gate electrode being
deposited to a thickness of between about 3,0000 and 7,000

Angstrom.

41. The method of claim 38, said providing impurity
implantations into the active surface regions of said
substrate comprising implantations of Lightly Doped Diffusion

(LDD) regions and source and drain regions.

42. The method of claim 38, said layer of liner oxide

comprising tetra-ethyl-ortho-silicate (TEQOS).
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45. The method of claim 38, said layer of TEOS being deposited

to a thickness between about 150 and 250 Angstrom.

46. The method of claim 38, additionally removing said
stringers of TEOS from adjacent to said opening created
through the layer of high-temperature imageable material and
overlying the gate spacers in preparation for a salicidation

process.

47. The method of claim 38, said reducing an original
thickness of said layer of TEOS by a measurable amount
comprising reducing a thickness of said TEOS from between
about 150 and 250 Angstrom to between about 130 and 230

Angstrom.
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