; ghe3eD*A. 6 T"4;) A METHOD OF FORM NG SMALL TRANSI STOR GATES BY USI NG SELF
AL| GNED REVERSE SPACER AS A HARD MASK FI ELD OF THE | NVENTI ON The present
invention relates generally to fabrication of seniconductor devices, and
nore specifically to nmethods of fabricating transistor gates used in

sem conduct or devi ces. BACKGROUND OF THE | NVENTI ON The current practice
to formsmall transistor gates uses increasingly snaller wavel engt hs of
light in the |ithography step(s). The current practice places increasingly
stringent requirenments on lithography. U S. Patent No. 4,784,718 to Mtan
et al. describes a nethod for fabricating a sem conductor d u
gate el ectrode /drain extraction el ectrodes being m\‘m‘“\w
sanme nateri al mw bstrate and with its source / drain ighy doped
regi ons self- mnth both gate el ectrode and source/drain extractlon
el ect r odes. ¥nt No. 5,202,272 to Hsieh et al. describes a nethod of
formng a fleld effect transistor forned with a deep-subm cron gate. U S
Pat ent No. 4,931,137 to Si buet describes a process for fabricating
conductor elenents on a substrate nutually spaced by a subm cron di nensi on
U S. Patent No. 4,729,966 to Koshino et al. describes a process for
fabricating a Schottky FET device using netal sidewalls as gates. U S

Pat ent No. 4,648,937 to Qgura et al. describes a nethod of preventing
asymmetric etching of lines in sub-mcronmeter range sidewall inmages
transfer. 2 U S. Patent No. 6,171,937 to Lustig describes a process for
fabricating

A METHOD OF FORMING SMALL TRANSISTOR GATES BY USING SELF-
ALIGNED REVERSE SPACER AS A HARD MASK

FIELD OF THE INVENTION
The present invention relates generally to fabrication of

semiconductor devices, and more specifically to methods of fabricating transistor

gates used in semiconductor devices.



an MOS, transistor having a channel length of less than 100 nm U.S. Patent
No. 5,336,630 to Yun et al. describes a nethod of making a sem conduct or
menory devi ce having a storage node with a plurality of pillars capable of
i ncreasi ng the storage node surface and thus the cell capacitance. 3
SUMVARY OF THE | NVENTI ON Accordingly, it is an object of the present

i nvention to provide an inproved nethod of fabricating small transistor
gates. Anot her object of the present invention to provide an inproved

met hod of fabricating small transistor gates that relies | ess on

| i t hography than conventional nethods. O her objects will appear
hereinafter. It has now i & and ot her objects of
the present invention mayt et 1 Wi ng nmanner .
Specifically, a substrate is provided having an overlying Si3N4 or an

Si Oz/ Si 3N4 stack gate dielectric layer. A gate material layer is fornmed

over the gate diel epid E&rrbﬂvg?ctﬁe%%rma all%‘@ﬁsi&t@rTg:égef’éeﬁsé%\’l?\rcréa@ﬁm§9te

material |ayer. The hard mas ayer and the gate mate ayer are
pat t er necsrhQ1drofwhvaleRgihd drasitdatthe MhEE? | SA¥8(). STHRCKurrén P Aldice i}%’:es
dielectric layer is f%rrred ggtﬁroundi ng %Ha?h%’ardﬁ(rrrgsk / gatetplbrrateri | | ayer
stack. Thiacrasinglysttiripend reqilerhaysion isthograptgd from over the patterned
gate material layer to forma cavity having exposed dielectric |ayer side
wal I s. Masking spacers are fornmed on the exposed dielectric |ayer side

wal | s over a portion of the patterned gate material l|ayer. The patterned
gate material |ayerUis RatenedNastA847h8 teaMitany efpale etescribesnss kzethedefogose
a portion of the gate djielectric layer. The planarjzed dielectric |ayer is
emoved. FRECAHSS ﬁgsegﬁgeeﬁgcwed%%evwh &5t B3t %F?reﬁega@‘isswﬁﬁ/ #&iRg

gate material .. 4 Rl EF, DESCRI PTI OF THE NGS The features and.
advant ageS AP REIGSTRAER ORI o1 (05 FmEEHErE OF 85145 HHRRAALE 888 Withm
the follown i.ption.ta i onj t 10 it h.the,acco iR

dr awi ngs ]}@%S%&%Zﬁ?élﬁeﬁe‘ﬁe# ! r‘gngeed Eeéuir@?{]gllégﬁ' ehsgr}lge\#a éthsllo%hl %?teg@ 8rode and
corresponﬁcql{}ge AR S act Ek188sodd portions and in which: Figs. 1 to 6
schematically illTustrate 1n cross-sectional representation a preferred
enbodi mrent of the present invention. 5 DETAI LED DESCRI PTI ON OF THE
PREFERRED EMBODI MENT Unl ess ot herwi se specified, all structures, |ayers,
etc. may be forned OS. acamNo. 502,172 toddsientet ahalescritidsadmekiaof fointihg
prior art. Initial Structure Fig. 1 illustrates a cross-sectional view of a
waf er 10, a fiekf effadtityaraistor formed with a deep-submicron gate.

U.S. Patent No. 4,931,137 to Sibuet describes a process for fabricating

conductor elements on a substrate mutually spaced by a submicron dimension.

U.S. Patent No. 4,729,966 to Koshino et al. describes a process for

fabricating a Schottky FET device using metal sidewalls as gates.

U.S. Patent No. 4,648,937 to Ogura et al. describes a method of
preventing asymmetric etching of lines in sub-micrometer range sidewall images

transfer.



sem conductor wafer, having an Si3N4 or Si02/Si 3N4 stack gate dielectric

| ayer 12 forned thereover to a thickness of preferably fromabout 15 to 100
and nore preferably fromabout 15 to 281. Si3N4 or Si02/Si 3N4 stack gate
dielectric layer 12 is preferably deposited over wafer 10 and is nore
preferably is conprised of an SiOz/Si 3N4 stack as wll be used for
illustrative purposes hereafter. Gate material 14 is deposited over

Si 02/ Si 3N4 stack gate dielectric layer 12 to a thickness of preferably from
about 900 to 2000 and nore preferably from about 1200 to 1600b. Gate
material 14 is preferably conprised of polysilicon (poly), Won Ti N stack

TaN and i I j I Har d k | 16
Chen beor nea oo USEPAAENG FEPPLYSE b BhefP biallh BRRGH) HE T BalRY,
2000 and ﬂP#ﬁD I %g%& k | 16 i
pr ef e?gbl y or%gagl%%gi}%éﬁ%%?%?ﬁ#%lgn I tc?f?ed;esq?%%@;h%ra; i ?c/)ﬁr oxyn: fri de

(SION) and is nore preferably formed of silicon nitride. 6 Patt erni ng of
Gate Material 14 As shown in Fig. 2, gate nmaterial 14 is then patterned to
form patterned gateUsaPatendNJ.4,3365680n9 Yunvetlah describesfemebhod bf atakabout
1800 to 3200 and nore preferably from about 1800 to 24001. Gate material 14
may be pajeneicarduaer shemory rddviges hatirgnd sfotagefruoda pdth arpledalibt of pillasi al
14, that is patterned photoresist |ayer 18 nay be formed over hard nask

| ayer 16 @pableovfrincreafing, the stoxege hoda siirfafé gnd thushthedcehlapatidgmte. 16 my
then be patterned using patterned photoresist |layer 18 during an etch
process to form patterned hard nmask | ayer 16'. Photoresist |ayer 18 would
then be stripped and gate material 14 patterned to form patterned gate
material 14' using patterned hard nmask |ayer 16" as a mask. If it is
desired to mnimze |oss of the hard mask | ayer 16' during etching of the
gate material 14, photoresist layer 18 is not stripped until after the
patterned gate material 14" is fornmed. The thickness of the patterned hard
mask | ayer 16' determnes the thickness of the resist spacers 24 to be
formed |l ater (see below). Deposition of Dielectric Laver 20 As shown in
Fig. 2, dielectric layer 20 is then deposited over the structure and

pl anarized to fill in the gaps between adjacent patterned hard mask 16
/patterned gate material 14' stacks. Dielectric layer 20 is planarized
usi ng patterned hard mask | ayer 16' as a polish stop. Dielectric |layer 20
is preferably planarized using chem cal nechanical polishing (CW). 7
Dielectric layer 20 is preferably high-density plasm (HDP) oxide, PECVD
oxi de, LPCVD oxide or SABPSG and is nore preferably HDP oxi de as that
provides for better gap fill between the gates.. Formation of Spacers 24 As
shown in Fig. 3, patterned hard nmask |ayer 16' is renoved, preferably by
wet stripping or dry selective etching and nore preferably wet stripping to
formcavity 22. Cavity 22 has exposed side walls 26.



A thin layer of spacer material is deposited over the structure, filling
cavity 22, and is then etched, preferably by a blanket etch, to form
self-aligned spacers 24 over exposed side walls 26 of cavity 22. Spacers 24
are preferably conprised of photoresist. Etching of Patterned Gate Materi al
14" As shown in Fig. 4, patterned gate material 14' is etched using spacers
24 as masks to formsmall transistor gate el ectrodes 30. Snall gate

el ectrodes 30 have a width of preferably from about 250 to 800A and nore
preferably fromabout 250 to 500. It is noted that Si02/Si 3N4 stack gate
dielectric layer 12 between gate el ectrodes 30 are also partially etched.

It is noted that small, narg I i rodes 30 are forned in
accordance with the net hodS ARY O i3 ith | ess reliance upon

| i thography to formthe small, narrow gate el ectrodes 30. Instead the w dth
of 8 maski ng spacers 24 determ nes the wdth of small, narrow transistor

gate el ectrodes 30 mcﬁaiﬁgl?, iitist &4 '%{mg%hfe@gs@ﬁ@nﬁeént%rp% ggbwwan

direct reliance upon |ithogfraphy. Re el ectric Laver As shown
in Fig. Smplosedmabdddfchipgtdtirg draykerad@ister goemved, preferably by an

oxi de di p. Renoval of Masking Spacers 24 As shown in Fig. 6, masking
spacers 24 are preferably renoved by a resist ashing process, |eaving
smal |, narrow gate el ectrodes 30. Any unwanted connecti ons between adj acent
smal |, narrow gat e AhetharodejecB0f dhe prashnt invéntidn do ppprider datinpmsiedng.
Advant ages of the Invention The advantages of the present jnvention

i ncl ude: mypthodheh falaricating seall tapsisinrageies that religsalssy opelithngranby;thand 2)
deposition and etch-dependent poly critical dinmensions are nore

cont r ol | afAnYeptignal me aphy. 9

Other objects will appear hereinafter.

It has now been discovered that the above and other objects of the
present invention may be accomplished in the following manner. Specifically, a
substrate is provided having an overlying Si,N, or an SiO,/Si,N, stack gate
dielectric layer. A gate material layer is formed over the gate dielectric layer. A hard
mask layer is formed over the gate material layer. The hard mask layer and the gate
material layer are patterned to form a hard mask/gate material layer stack. A
planarized dielectric layer is formed surrounding the hard mask/gate material
layer stack. The patterned hard mask layer is removed from over the patterned gate
material layer to form a cavity having exposed dielectric layer side walls. Masking
spacers are formed on the exposed dielectric layer side walls over a portion of the
patterned gate material layer. The patterned gate material layer is etched using the
masking spacers as masks to expose a portion of the gate dielectric layer. The
planarized dielectric layer is removed. The masking spacers are removed to form

narrow gates comprising gate material.



Whi | e particul ar enbodi nrents of the present invention have been illustrated
and described, it is not intended to limt the invention, except as defined
by the follow ng clains. 10 CLAIMS W claim 1. A nmethod of formng
narrow gates, conprising the steps of: providing a substrate having an
overlying gate dielectric layer; formng a gate material |ayer over the
gate dielectric layer; formng a hard mask | ayer over the gate materi al

| ayer; 5 patterning the hard mask |ayer and the gate material layer to form
a hard mask/gate material |ayer stack; formng a planarized dielectric

| ayer surrounding the hard mask/gate material |ayer stack; renoving the
patterned hard mask | a B 69 material |ayer to
forma cavity having e form ng maski ng
spacers on the exposed dielectric Iayer side walls over a portion of the
patterned gate material |ayer; etching the patterned gate material |ayer

using the masking SpRC@ifupss Eﬁﬁ‘%ﬁix}aﬂtﬁ%‘eféze dtkgel Eflé'estehf’lﬁéﬂfntié}? vaifl Be more

dielectric layer; 15 renoving the plan ctr ayer; and renovi ng
maski ng SH ey urderétebl fR8f e EIRFirpOaBdrigtitth eled AREGHjuUALtiOR with&he
met hod of claim1, wherein the gate dielectric layer is fron1about 15 to
1001 t hi ciccobitpargang dranenigalinl @hidh likefreferenbe niuniéfald desipeaikd sitilakorand
the hard mask layer is fromabout 900 to 2000 thick. 11

corresponding elements, regions and portions and in which:

Figs. 1 to 6 schematically illustrate in cross-sectional representation a

preferred embodiment of the present invention.



3. The method of claim1l, wherein the gate dielectric layer is from about
15 to 281 thick; the gate material layer is fromabout 1200 to 1600 t hick;
and the hard mask layer is fromabout 1200 to 1600b thick. 4. The method of
claiml1, wherein the gate dielectric layer is conprised of a materi al
selected fromthe group consisting of Si3N4 and Si 02/ Si 3N4 stack; the gate
material |ayer is conprised of a material selected fromthe group
consisting of poly, Won TiN stack and TaN, and the hard mask | ayer is
conprised of a material selected fromthe group consisting of nitride,
silicon nitride and silicon oxynitride. 5. The nethod of claim1l1, wherein
the gate diele ic laver | i ] of & i 0 ﬁ 3\ stack; the gate

mat eri al | ayer alLEDRESCRIPLION O HHEJREFERRELL EMBOIIMENG 1pr i sed
of silicon nitride. 6. The nethod of claim1l1l, wherein the hard mask/gate
material |ayer stack is fromabout 1800 to 32001 wide. 7. The nethod of
claim1l1, whereint 9] . ey I K | 1800
Co 2400A wi de. 6. THACSEEAY Ve S SiFEY "4l BhrocHEE 1BV B el P B I EM R o
base w dt I t : t are from about 250
to 800 w(%e&fcﬁltznp@gg@@g#éoﬁgtgﬂ%%‘%gg gﬁ?‘%i r%l&i\%w\}ha{é{@:g t 1‘é&?rrtﬁatski ng spacers
have a base width of from about 250 to 500 and the narrow gates are from
about 250 to 500 wide. 10. The method of claim 1l wherein the planarized

di el ectrigifiély8rudterg enoved by an oxide dip. 11. The method of claiml,
including the step of etching away any connecti ons between narrow gates.
12. A method of forming narrow gates, conprising the steps of: providing a
substrate having an overlying gate dielectric |ayer; the gate dielectric

| ayer is conprised B d ﬂ'ﬁlséﬂaitaﬂ as@peseatidnad ieweohrowpferohsi prefengbly a

Si 3N4 and Si Oz/ Si 3N4 stack; 5 fornj. te material |ayer over the gat
i ol et 11 ETEgBAUCIORS AT A HARB AN o R pEroIP s/ BP0 dieloeirt g 12

| ect ed t L Qti f I Ti N st TaN f '
2 hard e, Brer B 168 iR el eyl mron o A A more™

preferably from about 15 to 28A. Si,N, or SiO,/Si,N, stack gate dielectric layer 12 is

preferably deposited over wafer 10 and is more preferably is comprised of an

Si0, /Si,N, stack as will be used for illustrative purposes hereafter.

Gate material 14 is deposited over SiO,/Si,N, stack gate dielectric
layer 12 to a thickness of preferably from about 900 to 2000A and more preferably
from about 1200 to 1600A. Gate material 14 is preferably comprised of polysilicon
(poly), W on TiN stack or TaN and is more preferably comprised of poly.

Hard mask layer 16 may then be formed over gate material 14 to a
thickness of from about 900 to 2000A and more preferably from about 1200 to
1600A. Hard mask layer 16 is preferably formed of nitride, silicon nitride (Si,N,) or

silicon oxynitride (5iON) and is more preferably formed of silicon nitride.



is conprised of a material selected fromthe group consisting of nitride,
silicon 10 nitride and silicon oxynitride;, patterning the hard mask |ayer
and the gate material layer to forma hard nask/gate material |ayer stack
formng a planarized dielectric |ayer surrounding the hard mask/gate
material |ayer stack; 15 renoving the patterned hard mask |ayer from over
the patterned gate material layer to forma cavity having exposed
dielectric layer side walls; 13 form ng maski ng spacers on the exposed
dielectric layer side walls over a portion of the patterned gate materi al

| ayer; etching the patterned gate material |ayer using the masking spacers

as masks I;Qt RS gteqwg%rrhil% of the gate dielectric |ayer; renoving the
pl anari ze@ﬁﬁ—mﬁmd renovi ng maski ng spacers to form narrow
gates conprising gate material. 13. The nethod of claim 12, wherein the
gate dielectric layer is fromabout 15 to 1001 thick; the gate materi al

| ayer is from about 09:4 vy ck. r ﬂ?ﬁ%{{( NS
ab)(;ut 900 to 2000 t%lg%%%%gTﬁleénr%’t g%t(?aggtgflgll 2?1%, erﬂeaﬁﬁé%%\ ﬁg tha?@rHl

di el ectrigatteined gate Ala@epiAbLLhatng & wilfh bRpekferdt)P fehabBREaBDAko BAYEA i S
from about 1200 to 1600 thick; and the hard mask layer is from about 1200

to 1600 tdridmord prefétublydtdmadbohit t80H tm2uB0Awher ei n the gate dielectric
| ayer is conprised of an Si02/Si 3Nd stack; the gate material |ayer is
conprised of poly; and the hard nmask layer 16 is conprised of silicon
nitride. 16. The method of claim 12, wherein the hard mask/ gate materi al
| ayer stack is frorfatsonateridd4mayheopatigraed asshowie inkigfod astd 2 taifpim2,

et G RS BB 1P B pAUREa IR 9 B9, 2902

over hard mask layer 16 as shown in Fig. 1. As shown in Fig. 2, hard mask layer 16
may then be patterned using patterned photoresist layer 18 during an etch process
to form patterned hard mask layer 16'. Photoresist layer 18 would then be stripped
and gate material 14 patterned to form patterned gate material 14' using patterned
hard mask layer 16' as a mask. If it is desired to minimize loss of the hard mask
layer 16' during etching of the gate material 14, photoresist layer 18 is not stripped
until after the patterned gate material 14' is formed. The thickness of the patterned
hard mask layer 16' determines the thickness of the resist spacers 24 to be formed

later (see below).

Deposition of Dielectric Layer 20

As shown in Fig. 2, dielectric layer 20 is then deposited over the
structure and planarized to fill in the gaps between adjacent patterned hard mask
16'/patterned gate material 14' stacks. Dielectric layer 20 is planarized using
patterned hard mask layer 16' as a polish stop. Dielectric layer 20 is preferably

planarized using chemical mechanical polishing (CMP).



18. The nmethod of claim 12, wherein the masking spacers have a base wi dth
of from about 250 to 800 and the narrow gates are from about 250 to 800

wi de. 19. The nmethod of claim 12, wherein the nasking spacers have a base
wi dth of from about 250 to 500 and the narrow gates are from about 250 to
500 wide. 20. The nethod of claim 12, wherein the planarized dielectric

| ayer is renoved by an oxide dip. 21. The nethod of claim 12, including the
step of etching away any connections between narrow gates. 22. A nethod of
form ng narrow gates, conprising the steps of: providing a substrate having
an overlying gate dielectric layer; the gate dielectric |ayer is conprised

f terial I 4 ; .Stk ' d S . 9l 3N4
Stack the gate di o BaETE PasE A8 PisfABh” bl Rhath PrgBRA RS it
form ng a]fE@V‘E) HRlde! LPCV[?gifdeOHPSABbSG%{cPis%QIr@B%«%fbfaﬂlf%ﬂbi? dxige 98HEt
material layer Is conprised of a material selecte romthe group
ConsistiE}[grdaﬁd&oﬂomewépgaﬁmlfettw@gnmgér@m; the gate material layer being

from abo 900 to 2000 thick; formng a hard nmask | ayer over the gate
material |ayer; the hard mask layer 10 is conprised of a material selected
fromthe group consisting of nitride, silicon nitride and silicon

oxyni t ri deormhdtéorhaf Spavesk24 ayer is from about 900 to 2000 thick; patterning
the hard mask | ayer and the gate material layer to forma hard nask/gate
material |ayer stack; 15 formng a planarized dielectric |ayer

surroundi ng the hard sk/gate 15 material |ayer stack; renpving the
patterned hard maskAp Wi Binfdge P, thastegned diardd laygrelq Hs reyeyed,o

forma cavity having expgsed.dielegtric |ayer side walls; form.n ski n
spacer s oRFIIRRARLY. R36 F R BIRBITE I LY SEIHYE SiEMNE 808, Morp FETGRbIX Wete
patter nEdstgi?)tp?ng 4 Forrlmalcaxli%y 53, ;Cavity 22 has exposed side walls 26.

A thin layer of spacer material is deposited over the structure, filling
cavity 22, and is then etched, preferably by a blanket etch, to form self-aligned
spacers 24 over exposed side walls 26 of cavity 22. Spacers 24 are preferably

comprised of photoresist.

Etching of Patterned Gate Material 14

As shown in Fig. 4, patterned gate material 14' is etched using spacers
24 as masks to form small transistor gate electrodes 30. Small gate electrodes 30
have a width of preferably from about 250 to 800A and more preferably from about
250 to 500A. It is noted that Si0,/Si,N, stack gate dielectric layer 12 between gate

electrodes 30 are also partially etched.

It is noted that small, narrow transistor gate electrodes 30 are formed
in accordance with the method of the present invention with less reliance upon

lithography to form the small, narrow gate electrodes 30. Instead the width of



20 etching the patterned gate material |ayer using the masking spacers as
masks to expose a portion of the gate dielectric |ayer; renoving the

pl anari zed dielectric |ayer; and renoving naski ng spacers to form narrow
gates conprising gate material. 23. The nethod of claim 22, wherein the
gate dielectric layer is fromabout 15 to 281 thick; the gate materi al

| ayer is fromabout 1200 to 1600 thick; and the hard mask | ayer is from
about 1200 to 1600A thick. 24. The method of claim 22, wherein the gate
dielectric layer is conprised of an Si02/Si 3N4 stack; the gate materi al

| ayer is conprised of poly; and the hard nmask |ayer 16 is conprised of

i or 1 PayRRE spaCers PSS Phe SRR Omal SRR b aictat BB R
1800 1o 2400 o Derrer: Cagh ORREA0RY & RLet e Gt ter el ARERBLh

spacers hane %F;}@@e wi dt h of from about 250 to 800 and the narrow gates are
f rom about 2§0 to 800g wide. 28. The nethod of claim 22, wherein the

maski ng spacers have a base width of from about 250 to 5001 and the narrow
gates are from about 250 to 500 wi de. 29. The nethod of claim 22, wherein

t he pl anaRemesaldifdDietdctiic Lhpere20 i s renpved by an oxi de di p. 30. The nethod
of -claim 22, including the step of etching away any connections between
narrow gates. 17 .A,.AI1.A .Anl .Al .AY. A

As shown in Fig. 5, planarized dielectric layer 20 is removed,

preferably by an oxide dip.

Removal of Masking Spacers 24

As shown in Fig. 6, masking spacers 24 are preferably removed by a

resist ashing process, leaving small, narrow gate electrodes 30.

Any unwanted connections between adjacent small, narrow gate

electrodes 30 are etched off after appropriate masking.

Advantages of the Invention

The advantages of the present invention include:
1) ; non-reliance on very advanced lithography performance; and
2) deposition and etch-dependent poly critical dimensions are more

controllable than lithography.
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CLAIMS

We claim:

1. A method of forming narrow gates, comprising the steps of:
providing a substrate having an overlying gate dielectric layer;
forming a gate material layer over the gate dielectric layer;
forming a hard mask layer over the gate material layer;
5 patterning the hard mask layer and the gate material layer to form a hard
mask/gate material layer stack;
forming a planarized dielectric layer surrounding the hard mask/gate
material layer stack;
removing the patterned hard mask layer from over the patterned gate
10  material layer to form a cavity having exposed dielectric layer side walls;
forming masking spacers on the exposed dielectric layer side walls over a
portion of the patterned gate material layer;
etching the patterned gate material layer using the masking spacers as masks
to expose a portion of the gate dielectric layer;
15 removing the planarized dielectric layer; and

removing masking spacers to form narrow gates comprising gate material.
2. The method of claim 1, wherein the gate dielectric layer is from about 15 to 100A

thick; the gate material layer is from about 900 to 2000A thick; and the hard mask
layer is from about 900 to 2000A thick.
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3. The method of claim 1, wherein the gate dielectric layer is from about 15 to 28A

thick; the gate material layer is from about 1200 to 1600A thick; and the hard mask
layer is from about 1200 to 16004 thick.

4. The method of claim 1, wherein the gate dielectric layer is comprised of a
material selected from the group consisting of Si,N, and SiO, /Si,N, stack; the gate
material layer is comprised of a material selected from the group consisting of poly,
W on TiN stack and TaN; and the hard mask layer is comprised of a material

selected from the group consisting of nitride, silicon nitride and silicon oxynitride.

5. The method of claim 1, wherein the gate dielectric layer is comprised of an
Si0,/Si;N, stack; the gate material layer is comprised of poly; and the hard mask

layer is comprised of silicon nitride.

6. The method of claim 1, wherein the hard mask/gate material layer stack is from

about 1800 to 3200A wide.

7. The method of claim 1, wherein the hard mask/gate material layer stack is from

about 1800 to 2400A wide.

8. The method of claim 1, wherein the masking spacers have a base width of from

about 250 to 800A and the narrow gates are from about 250 to 800A wide.
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9. The method of claim 1, wherein the masking spacers have a base width of from

about 250 to 500A and the narrow gates are from about 250 to 500A wide.

10. The method of claim 1 wherein the planarized dielectric layer is removed by an

oxide dip.

11. The method of claim 1, including the step of etching away any connections

between narrow gates.

12. A method of forming narrow gates, comprising the steps of:
providing a substrate having an overlying gate dielectric layer; the gate
dielectric layer is comprised of a material selected from the group consisting of
Si,N, and SiO, /Si,N, stack;
5 forming a gate material layer over the gate dielectric layer; the gate material
layer is comprised of a material selected from the group consisting of poly, W on
TiN stack and TaN;
forming a hard mask layer over the gate material layer; the hard mask layer
is comprised of a material selected from the group consisting of nitride, silicon
10 nitride and silicon oxynitride;
patterning the hard mask layer and the gate material layer to form a hard
mask/gate material layer stack;
forming a planarized dielectric layer surrounding the hard mask/gate
material layer stack;
15 removing the patterned hard mask layer from over the patterned gate

material layer to form a cavity having exposed dielectric layer side walls;
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20

forming masking spacers on the exposed dielectric layer side walls over a
portion of the patterned gate material layer;

etching the patterned gate material layer using the masking spacers as masks
to expose a portion of the gate dielectric layer;

removing the planarized dielectric layer; and

removing masking spacers to form narrow gates comprising gate material.

13. The method of claim 12, wherein the gate dielectric layer is from about 15 to
100A thick; the gate material layer is from about 900 to 2000A thick; and the hard
mask layer is from about 900 to 2000A thick.

14. The method of claim 12, wherein the gate dielectric layer is from about 15 to 28A

thick; the gate material layer is from about 1200 to 16004 thick; and the hard mask
layer is from about 1200 to 16004 thick.

15. The method of claim 12, wherein the gate dielectric layer is comprised of an
SiO,/Si,N, stack; the gate material layer is comprised of poly; and the hard mask

layer 16 is comprised of silicon nitride.

16. The method of claim 12, wherein the hard mask/gate material layer stack is

from about 1800 to 3200A wide.

17. The method of claim 12, wherein the hard mask/gate material layer stack is

from about 1800 to 2400A wide.
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18. The method of claim 12, wherein the masking spacers have a base width of from

about 250 to 800A and the narrow gates are from about 250 to 800A wide.

19. The method of claim 12, wherein the masking spacers have a base width of from

about 250 to 500A and the narrow gates are from about 250 to 500A wide.

20. The method of claim 12, wherein the planarized dielectric layer is removed by

an oxide dip.

21. The method of claim 12, including the step of etching away any connections

between narrow gates.

22. A method of forming narrow gates, comprising the steps of:
providing a substrate having an overlying gate dielectric layer; the gate
dielectric layer is comprised of a material selected from the group consisting of
Si,N, and SiO,/Si,N, stack; the gate dielectric layer being from about 15 to 100A
5  thick;
forming a gate material layer over the gate dielectric layer; the gate material
layer is comprised of a material selected from the group consisting of poly, W on
TiN stack and TaN; the gate material layer being from about 900 to 2000A thick;
forming a hard mask layer over the gate material layer; the hard mask layer
10 is comprised of a material selected from the group consisting of nitride, silicon
nitride and silicon oxynitride; the hard mask layer is from about 900 to 2000A thick;
patterning the hard mask layer and the gate material layer to form a hard

mask/gate material layer stack;
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forming a planarized dielectric layer surrounding the hard mask/gate
15 material layer stack;
removing the patterned hard mask layer from over the patterned gate
material layer to form a cavity having exposed dielectric layer side walls;
forming masking spacers on the exposed dielectric layer side walls over a
portion of the patterned gate material layer;
20 etching the patterned gate material layer using the masking spacers as masks
to expose a portion of the gate dielectric layer;
removing the planarized dielectric layer; and

removing masking spacers to form narrow gates comprising gate material.

23. The method of claim 22, wherein the gate dielectric layer is from about 15 to 28A

thick; the gate material layer is from about 1200 to 1600A thick; and the hard mask
layer is from about 1200 to 1600A thick.

24. The method of claim 22, wherein the gate dielectric layer is comprised of an
Si0,/Si;N, stack; the gate material layer is comprised of poly; and the hard mask

layer 16 is comprised of silicon nitride.

25. The method of claim 22, wherein the hard mask/gate material layer stack is

from about 1800 to 3200A wide.

26. The method of claim 22, wherein the hard mask/gate material layer stack is

from about 1800 to 2400A wide.
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28. The method of claim 22, wherein the masking spacers have a base width of from

about 250 to 500A and the narrow gates are from about 250 to 500A wide.

29. The method of claim 22, wherein the planarized dielectric layer is removed by

an oxide dip.

30. The method of claim 22, including the step‘of etching away any connections

between narrow gates.
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