5 NAY 2004 METHOD FOR FORM NG A T- GATE FOR BETTER SALI ClI DATI ON Backgr ound
of Invéntion 5 10 1) Field of the Invention This invention relates |

general l.y to fabrication of gate el ectrodes for sem conductor devi e@‘%r?gm
nore particularly to the fabrication of a T- shaped gate electrode for an
MOS sem conduct or device. 2) Description of the Prior Art As devices are

Foroi ng ot s YIEPERSD BRERBRMING (SE RO ABR BErrERIATATIBAHIEN ° 1 °

- performance and form ng proper |ow resistance silicide contacts. The gate
must be narrow at the substrate to reduce the channel |ength but nust be
w de enough so that proper salicide contacts can be fornmed to the top of
the gate. This is particularly inportant as gate width (or lenghts 15 .
decrease below 0.25 pm. In or S8t i he operation frequency of a
device, it is in general requ|OI§‘rleéég?od"s%ﬁocf(ri fugn | ength of a gate. However,
further shortening of the gate length Wmch is about | p.m causes gate .

r esi stanq? Fifld P EEERY! t e to a snaller aspect ratio. Therefore, in order
to prevent increase o e gate resistance while shortening the gate I ength
further, a mnmethod in V\/mchasectlon of the gate is formed to have a T .

form s nost _l y used. # invention relates generally to fabrication of gate electrodes for

semiconductor devices and more particularly to the fabrication of a T- shaped gate electrode for

an MOS semiconductor device.

2) Description of the Prior Art

10 : | As devices are made smaller, a major problem with semiconductor
manufacturing is the forming of srhaller gate length or widths while maintaining gate
performance and forming proper low resistance silicide contacts. The gate must be narrow at the
substrate to reduce the channel length but must be wide enough so that proper salicide contacts
can be formed to the top of the gate. This is particularly important as gate width tor lenghts

15 decrease below 0.25 um).  In order to increase the operation frequency of a device, it is in
general required to shorten a length of a gate. However, further shortening of the gate length

‘ which is about 1 pm causes gate resistance to increase due to a smaller aspect ratio. Therefore,
in order to prevent increase of the gate resistance while shortening the gate length further, a

method in which a section of the gate is formed to have a T form is mostly used.
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5, MAY 2004' 5 The inportance of overcoming the various deficiencies noted
above is evidenced by the extensive technol ogi cal devel opnent di recsf ﬁﬂyt(ﬁ
the subject, as docunented by the relevant patent and technical , * 2004
literature. The cl osest and apparently nore rel evant technical

devel opments in the patent literature can be gl eaned by considering the

fol I owi ng patent's. UBh®inpbetandedf bbatdmigh ﬂié'va)ioﬁmﬁéiexgcje-g'n%éh%bwe%esS “usi ng
one mask. US 5,688, 704(Liu) shows a T-gate using 2 dielectric layers. US

5, 861, 324(; : T i Lat Lng.,
S 655, 8260 ChongyY oe g e Db Ral AL fnliR dh e 5 ke BB i u ey o )

how T- : ' [ d

For a1 aeractihl MelyhFledaf iRt He (R sl PRIl Rl RhaRaiRel "
t ] i.0n . ' t hod, f fabricati a.t-,15 shaped gat

o1 ot r ool VERphicRH i e A8 R icafis b Agtidele o Bpwiiecuieaionet nod 1 or

fabricating a t- shaped gate electrode that all ows proper salicidation on

the Top of the gate I ate ottom di nensi ons below 0.25 1m 2 5
MAY 2804 To acconpl |§§%tﬂé2§%@\9‘g‘ B}X PW?/E?,‘ga{er%“ﬁFséés&gtonFWéhti on provi des
a net hod : ‘

US 5,688,704(Liu) shows a T-gate using 2 dielectric layers.

US 5,861,327(Maeng et al.) teaches a T-gate using electroplating,

o,

US 5,658,826(Chung), US 5,496,779(Lee et al.) and US 5,498 560(Sharma et

al.) show T-gates using other processes.

10 However, an improved process is need for a T-gate electrode.

Summary of the Invention

.

It is an object of the present invention to provide a method for fabricating a t-

15 shaped gate electrode.

It is an object of the present invention to provide a method for fabricating a t-
shaped gate electrode that allows proper salicidation on the Top of the gate and allows gate

bottom dimensions below 0.25 pm.




of nhquf acfuring a T-shaped gate el ectrode which is characterized as ‘
follows. A dummy gate conposed of an insulating material is forned ogem\\( 0%
the substrate. Then we form LDD regi ons adjacent to the dunmy gate _
preferably by ion inplanting (I11) inpurity ions into the substrate 5 using
the dummy gate as a mask. A pad oxide layer and dielectric |ayer are forned
over the substrate $y5i8681sntREad j [ d te is ,
renoved preferably by a Cl\/gIS pr o%:lgegsvg.Bﬁj\(e;éf‘)teﬁglf?aﬁrfgsrﬁ%t\c}}e{&etnﬁéggﬁ%yks %g%ﬁw o form
- a gate opERARGAFRRSITIS ' I A ielectric |ayer is
o Rt Syt Ofecie eI PR, 3y oS

formed over the substrat ace I'n

lysili : lel.ectric | -and_ t b f '
e’ gt Qs o« HElaghe Ba B F b pig s Bt  ErOfF bR BT o o,
The dieleggtric | ' ed, leaving the T- gate oyer the substrate. W
Forni ng StPRdpHRAFm Sty DRG0 & oy el U Fieic Y e e

i npl ant r.oc%s . Asilicide |ayer is formed over the T-gate and the

subst? at ¥ ?g‘r“ﬁﬂngigf“ieéﬁ88“‘51&o%t%‘é%‘dﬁéﬁyﬁh@d@@ﬁ%ﬁaﬁigf%ﬁﬂﬂgét evarahe act s
to the T-gate. We forma dielectric layer (ILD) over the T-gate and

subst r at Bi0stigie sustans. doa diskoctrisdorer aver the gateis a¢rmoved praferablupge GMP expose
15 the S/ID regions and T-gate. W formcontacts to the S/Dregions and to
t he T- gaPrecess.tWe ten remgve theadiymnmy gayetodbrm hgatk opening exposing tlgestubsttanadurfabe t op
gate 40T is wide to allowthe silicide to formproperty. If a conventional
st r ai ght Agateglieleetriaigyat, is fareed apyenthe substratg atrfrcein thel gire op@ing) e fovm 20
properly allow the silicide to formproperly. The invention's T-gate 20

al 1 ows t padysificioe liyet overtheGiRl¢oridieyerandthe nliseute nBacan the galidpenihfertgat e t op
40T is wder (e.g., > 0.25) to allow a good silicide contact to allow a

densir f palysilicon ilayetisipattethed toPeaR b TOFhe T8 Bislebiie layePlsYeridded idvity the §ENi ng at
the end of the gate contact. 3

gate over the substrate. We forming source/drain (S/D) regions adjacent to the T-gate by an on

implant process. A silicide layer is formed over the T-gate and the substrate to form silicide
contacts to the S/D regions and gate contacts to the T-gate. We form a dielectric layer (ILD)
over the T-gate and substrate. We form contact opening through the dielectric layer to expose

15  the S/D regions and T-gate. We form contacts to the S/D regions and to the T-gaté.

It is a major advantage of the invention's T-gate that the top gate 40T is wide
to allow the silicide to form property. If a conventional straight gate was used, the top of the
gate would be too narrow to properly allow the silicide to form properly. The invention's T-gate

20 allows the gate bottom 40B to be made naﬁow (>0.25 pm) while the gate top 40T is wider (e.g.,
> 0.25) to allow a good silicide contact to allow a denser faster circuit. The invention avoids the

poly gate line widening at the end of the gate contact.




5 MAY 2004 According to one aspect of the present invention, there is a
nmethod of formng a T-gate used with a salicide process for a :

sem conduct or devices; conprising the steps of: a) patterning an \9 MAY 2004
insulating layer to forma dunmy gate over a substrate; said substrate
having a substrate surface; said insulation |ayer is patterned by formng a
dummy gate resist pattern over said insulating |ayer using a first gate
optical nmask; , said dummy gate resist pattern is exposed using said first
optical  maskASSdINgie AnsRPediof thepsesentt inyrmtipmythere ips methadipfforomep gat e
resi st pattern as an etch mask; b) formng LDD regions adjacent to said
dummy gate by Trente isep wathta saljicid¢ plokyss iferpuacirtigoniderier demices; samgrisiopder at e usi ng
said dummy gate as a mask; c¢) formng a pad oxide | ayer over said
substrate surfi@peef:d) fornmng a dielectric |ayer over said pad oxide |ayer
and said dunmmy gate and renoving said dielectric |layer fromover said

dummy gate; e) reap\hangningiad itkulatyg GaketolfBfnlTh A8mydatcovePE RibIGateX POSi ng
said substrate surface; f) formng a gate dielectric |ayer over said

substrate surface in sagsli ddkM@ate having a substrate surface;

 said insulation layer is pattem.ed by forming a dummy gate resist
pattern over said insulating layer using a first gate optical mask;
said dummy gate resist pattern is exposed using said first optical
mask, and etching said insulating layer using said dummy gate
resist pattern as an etch mask;

b) forming LDD regions adjacent to said dummy gate by ion implanting
(I/I) impurity ions into said substrate using said dummy gate as a
mask;

c) forminga pad oxide layer over said substrate surface;

d) forming a dielectric layer over said pad oxide layer and said dummy
gate and removing said dielectric layer from over said dummy
gate;

¢) removing said dummy gate forming a gate opening exposing said
substrate surface;

f) forming a gate dielectric layer over said substrate surface in said gate
opening;

g) forming a gate layer over said dielectric layer and said substrate

surface in said gate opening;

JA




opening; g) formng a gate | ayer over said dielectric |ayer and said
substrate surface in said gate opening; 3A 5 MAY 2004 h) patterning SﬁaMﬂY 2004
gate layer to forma T-gate; said T-gate filling said gate opening and
extending laterally over a portion of said dielectric layer; said gate
| ayer is patterned by using a T-gate resist pattern forned by using said
first gate optical mask by over exposing a resist |ayer through said first
optical gate mask so that the T-gate resist pattern is between 60 % and
100 % wi der than s& dPaiaming gid gate laperite formpn §-gate) saidmaterfilinmsaid gitel ectric
| ayer and said pad oxide |ayer leaving said T- gate over said substrate.
Accordi ng to an anot her opgmegandefktentiimg fatesBn bvdrppernidnard saitllédetics a nmet hod
of formng a T-gate and using a salicide process; conprising the steps of
a) form ng an insul at iayer;| ayer over a substrate; b) form ng a dummy gate
resist pattern over said insulating |layer using a first gate optical mask;
' said gate layer is patterned by using a T-gate resist pattern formed
by using said first gate optical mask by over exposing a resist
layer through said first optical gate mask so that the T-gate resist
pattern is between 60 % and 100 % wider than said dummy gate
resist;
and
i) removing said dielectric layer and said pad oxide layer leaving said T-
gate over said substrate,
According to an another aspect of the present invention, there is a method of
forming a T-gate and using a salicide process; comprising the steps of :
a) forming an insulating layer over a substrate;
b) forming a dummy gate resist pattern over said insulating layer using a
first gate optical mask;
c) patterning said insulating layer to form a dummy gate over said
substrate; said substrate having a substrate surface;
d) removing said gate resist pattern;
¢} forming LDD regions adjacent to said dummy gate by ion implanting
(I'Ty impurity ions into said substrate using said dummy gate as a

mask;

f) forming a pad oxide layer over said substrate surface;

3B




c) patterning said insulating |layer to forma dumry gate over said )
substrate; said substrate having a substrate surface; d) renoving sai dgHne 2004
resist pattern; e) form ng LDD regions adjacent to said dumry gate by ion
inplanting (1/1) inmpurity ions into said substrate using said dunmy gate
as a mask; f) formng a pad oxide |ayer over said substrate surface; 3B '5
MAY 2004 g) formng a dielectric |ayer over said pad oxide |ayer and said
dummy gate and renoving said dielectric layer fromover said dummy gate;
h) renoving said déhrfyrmgag a dicdaciriolgys oyer seidusd ity lasep asil sgjd duinthy subst r at e
surface; i) formng a gate dielectric |ayer over said substrate surface in
said gate opening; saightgandreopemgrngidhigalcange Ry fdinhowadr shidtdweary about 0. 1
and 0.35 pm j) formng a gate | ayer over said dielectric |ayer and said
substrate surface in sgitet gate opening; said gate layer is conprised of
polysilicon; k) patterning said gate |layer to forma T-gate by formng a
T-gate resi st h) removing said dummy gate forming a gate opening exposing said
substrate surface;
i) forming a gate dielectric layer over said substrate surface in said gate
opening; said gate opening having a width of between about 0.1
and (.35 um,;
j) forming a gate layer over said dielectric layer and said substrate
surface in said gate opening;
said gate layer is comprised of polysilicon;
k) patterning said gate layer to form a T-gate by forming a T-gate resist
pattern and etching said gate layer; said T-gate filling said gate
opening and extending laterally over a portion of said dielectric
layer ;
said gate layer is pattern using a T-gate resist pattern that is formed
by exposing a resist layer using said first gate optical mask;
said T-gate resist pattern is between 60% and 100% wider than
said dummy gate resist pattern and where said T-gate resist pattern
is formed by overexposing a resist layer thorough said first gate
optical mask;

said T-gate has a gate top with a top width of between about 0.35

and 0.5 wm and a top height between 500 and 2000 A; and a

3iC




pattern and etching said gate layer; said T-gate filling said gate opening
and extending laterally over a portion of said dielectric layer ; saiflMAY 2004
gate layer is pattern using a T-gate resist pattern that is formed by
exposing a resist layer using said first gate optical mask; said T-gate
resist pattern is between 60% and 100% wi der than said dumry gate resist
pattern and where said T-gate resist pattern is forned by overexposing a
resi st layer thorough said first gate optical mask; said T-gate has a gate
top wWith a top width of b@rmuwidih hefgen 0 138d 03Adno ad phetéem heightop hei ght

bet ween 500 and 20001 ; and a 3C 5 MAY 2004 bottom wi dth between 0.1 and
0.35 gm and a bottom hedétghén 1396tanéam00LFH0 and 3 500 A; 1) renoving said
dielectric layer and said pad oxide | ayer leaving said T- gate over said
substrate; m fornm)ngemouing edidariddir{cIhidr ahESHi@PH GG R edvrgSaiddr-T- gat e by
an lon inplant process; n) formng a silicide |ayer over said T-gate and
said substrate; to formashidrGhideuis@aicacts to said source/drain (SID)

regi ons and gate

m) forming source/drain (S/D) regions adjacent to said T-gate by an lon
implant process;

n) forming a silicide layer over said T-gate and said subsirate; to form
silicide contacts to said source/drain (S/D) regions and gate
contacts to the T-gate;

o) forming a dielectric layer over the T-gate and substrate;

p) forming contact opening through said dielectric layer to expose said
source/drain regions and T-gate; and

q) forming contacts to said source/drain regions and to said T-gate.

3D




qonfaqts to the T-gate; o) fornmng a dielectric |ayer over the T-gate and
substrate; p) formi ng contact opening through said dielectric |ayer taf MAY 200
expose said source/drain regions and T-gate; and ) form ng contacts to. _
said source/drain regions and to said T-gate. 3D 5 MAY 2001 Additiona
obj ects- and advantages of the invention will be set forth in the 5
description that follows, and in part will be obvious fromthe description,
or may be learned by practice of the invention. The objects and advant ages
of the invention may be realized and obtained by neans of
instrunmentalities and conbi nations particularly pointed out in the append
clainms. Brief Description of the Drawi ngs 10 The features and advant ages of
a sem conductor device according to the present invention and further
details of a process of fabricating such a sem conductor device in
accordance with the present invention will be nore clearly understood from
the follow ng description taken in conjunction with the acconpanying
drawi ngs in which | iKk&difi&d: ' FoLar gr.
correspondi ng el enents, ré‘g?tgﬁtg@%“ﬁﬁﬁﬁ‘%i%@ﬁéa’ﬁ‘gQ‘?%r?ﬁvk‘ﬂfﬂg%:ge%f‘gﬁﬁﬂ?’élﬂﬁ es 1
t hr ough td.QF I rol rating a nmethoed,for

&es@Hptio BB BIRKS [And BRbart b BMR c?fb 1ou.J[ %J)x#?}l{lae c%lsc gjgiﬂfl, ar Wg;)?f: Iearned by

manuf acturing a T-shaped gate accordi ng

practice of the invention. The objects and advantages of the invention may be realized and

obtained by means of instrumentalities and combinations particularly pointed out in the append

claims.

Brief Description of the Drawings

10 The features and advantages of a semiconductor device according to the
‘present invention and further details of a process of fabricating such a semiconductor device in
accordance with the present invention will be more clearly understood from the following
description taken in conjunction with the accompanying drawings in which like reference

numerals designate similar or corresponding elements, regions and portions and in which:

15 Figures 1 through 8 are cross sectional views for illustrating a method for

manufacturing a T-shaped gate according to the present invention.




4 5 'MAY 2004 Detailed Description of the Preferred Enbodi nents The present

i hvention wll be described in detail with reference to the 5 acconpanyéﬂg“:2m4
drawi ngs. The present invention provides a nethod of formng a T-gate and -
salicide process. 10 Referring to FIG 1, an insulating layer 16 is forned

over the substrate. The substrate can be any sem conductor substrate such

as a silicon substrate or a SO substrate.-The insulating |ayer 16 is
preferably conprised of silicon oxide, silicon oxynitride, doped oxide or

- silicon nitride and is nost preferably conposed of SiQ2. The insulating

| ayer .16 preferably h o 1 bet ween,abqut,, 1000 and 3500 A. Still -
referring to FIG 1, meaﬁﬁg'ﬁﬁ?é(;sléﬁﬁé&ﬂﬁjm%@eﬁ?r qug]%gpmbe&ts( ern 18 over the
insulating | ayer. A photoresist |layer can be fornmed (e.g., spun on) and

t hen exposed using a first 15 gate optical nask (or dunmy gate optica

mask). The resist layer is then developed to formthe dummy gate resi st
pattern 18. This sane optical mask can be used later.in the process to

tt the T-gate. he r.esi st .be eith iti |
P ati ve resi st TheTreprercdt ibuentidf wilf e 3éspiR ¥ Serdl bR Fesiriios tthery gate 16
h 10. . d A i f bl h w dth of bet
Sbout? 0 arR Ry Mearatines T SRR ARhS, RLCHET Snedod SFoTuibe 61 e .

renoved.

sa%cide process,

Referring to FIG 1, an ins_uléting layer 16 is formed over the substrate. The
substrate can be any semiconductor substrate such as a silicon substrate or a SOI substrate.
10 The insulating layer 16 is preferably comprised of silicon oxide, silicon
oxynitride, doped oxide or silicon nitride and is most preferably composed of $iO, . The

insulating layer 16 preferably has a thickness of between about 1000 and 3500 A,

Still referring fo FIG 1, we next form a dummy gate resist pattern 18 over the
insulating layer. A photoresist layer can be formed (e.g., spun on) and then exposed using a first
{ - 15 gate optical mask (or dummy gate optical mask). The resist layer is then developed to form the
dummy gate resist pattern 18. This same optical mask can be used later in the process to

pattern the T-gate. See FIG 4. The resist can be either positive or negative resist.

The insulating layer is patterned to form a dummy gate 16 over the substrate

10. The dummy gate preferably has a width of between about 0.1 and 0.35 um.

20 Then, the dummy gate resist pattern 18 is removed.

5




Then'we form LDD regi ons 20 adjacent to the dummy gate 16 preferably by

71 inmpurity ions into the substrate using the dummy gate 16 as a mask. S5AmY 2004

shown in FIG 2, a pad oxide layer 24 is forned over the substrate 5 ‘
surface. Next, we forma dielectric |ayer 30 over the pad oxide | ayer 24
and the - dummy gate 16. The dielectric layer is can be conprised of silicon

nitride, silicon oxygitri ilicopn.oxide and |s nost preferably . _
conposed of silicon Eb%n:‘%’%%nﬁg%r.eg‘?ﬁﬁg?5@%@“@8“&@@%@%%3@ r IX‘XN ckness
of bet vveflp abog‘}. 1008%t?nd 4000 A. &23 dielectric layer 30 is then renoved
from over™ IPHETT{ RS MEpLRe supstratq psing toe dpmpw Batsy 1645 aMESK-cal - mechani cal pol i sh
step. As shown in FIG 3, W then renove the dummy gate 16 to forma gate
openi ng 34 exposing the suhs e surfage, The gate opening 34 has a width
34W of between abou s&%ﬂhig.&{%pﬁ ?’F‘ﬁ“rﬁa&%&“nﬁf@“ﬁd@@ 5 spbgeataveen 0. 1
and 0.25m A gate dielectric layer 38 is formed. over the substrate surface
in the g%ﬂr@ce'w opening 34. The gate dielectric layer 38 is preferably a
gate oxide layer having a thickness of between about 10 and 80 A Still
referring to FIG 4, We forma gate |ayer 40 (e.g., polysilicon |ayer) over
the df el ectric | ayer NgHa™e ARrmsgidiglestsc daysi3G encethepad pedeylayer Wpedity. The
gate |layer can also _be conprised of only a polysilicon |ayer or -

pol ysi | | glemm& gefsr 16 Thofliglertae layer is canshec poraprised afysiicon nitdide isllicon deynitviBe 8r ) |
titaniumsilicide (TiSi2 ) or cobalt silicide (CoSi2 ). The gate |layer 40

i s nost silicon oxide and is most preferably composed of silicon nitride (SiN). The layer 30 preferably

(’ : has a thickness of between about 1000 and 4000 A

The dielectric layer 30 is then removed from over the dummy gate 16

10 preferably by a chemical-mechanical polish step.

As shown in FIG 3, We then remove the dummy gate 16 to form a gate
opening 34 exposing the substrate surface. The gate opening 34 has a width 34W of between

about 0.1 and 0.35 pm and more preferably between 0.1 and 0.25um.

A gate dielectric layer 38 is formed. over the substrate surface in the gate

15 opening 34. The gate dielectric layer 38 is preferably a gate oxide layer having a thickness of

between about 10 and 80 A.

Still referring to FIG 4, we form a gate layer 40 (e.g., polysilicon layer) over
the dielectric layer and the substrate surface in the gate opening. The gate layer can also be
comprised of only a polysilicon layer or polysilicon under a polycide layer such as tungsten

20 silicide (WSiy ), titanium silicide (TiSiz ) or cobalt silicide (CoSi, ). The gate layer 40 is most

preferably comprised of polysilicon.




preferably' conprised of polysilicon. 6 5 MAY 20 4 The gate (polysilicon)

| ayer 40 is patterned (using an oversized poly resist mask) to form af MAY 2004

T-gate. A T-gate resist pattern 41 is forned over the poly layer. The
T-gate is conprised of .a gate bottom 40B (seeFIG MIling the gate
opening 34 and gate top 40T 5 extending laterally over a portion of the
dielectric layer. The oversized poly resist mask is preferably between 60
and 100 % oversized of the bottompoly mask 18. That is the T-gate resist
~pattern 41 is preferably between 60 and 100% as |arge as the dumy gate

resist pattern 18. Thi ghteqpélpsili@n) fiyerfiit Bitfrtbd (&fl{g ﬁ%@%ﬁ%ﬁ@@%ﬂ%h 49 the

first gate optical mask 10 (or dummy gate optica xpose

B R i T i

- under exposed using the sane firs ate op I'ca

167715 KOt 4 G @hdton I8 ebplcE; ot v B e 1 Bl iChe [ayer s
20T i ¢ 1o Ml ok b0 e it TesBi i b oviivigy SRy &

A Cand- %g{%@fv‘é‘%ﬁf‘gﬁéﬁwﬂf@ BB p b b HPm e Bak 6. Bpatieindesrioresisand
035 ekt DR LA BBl DB e 0, L and, %&im%{;‘ga?e“r‘im:‘t panem 18,

The T-gate resist pattern 41 can be exposed using the first gate optical mask
10 (or dummy gate optical mask) (used to expose the dummy gate resist mask 18- See FIG 1). A
photoresist is overexposed or under exposed using the same first gate optical mask to form the

larger T-gate resist pattern 41 that is larger than the dummy gate resist pattern 18.

Referring to FIG. 6, the dielectric layer and the pad oxide layer is removed

leaving the T-gate over the substrate.

15 The T-gate 40 has gate top 40T with a top width 40W of between about 0.25
um and 0.50 um and more preferably between 0.35 and 0.5 um and a top height 42 between
500 and 1000 A; and a gate bottom with a bottom width 34W (See FIG 3) between 0.1 and 0.35
pm and more preferably between 0.1 and 0.25 um; and a bottom height 44 (See FIG 5) between

1500 and 3500 A.

20 ~ Referring to Fig 7, we form source/drain (S/D) regions 50 adjacent to the T~

gate 40 by an Ion implant process. Optionally, a resist pattern can be formed over the t-gate 40

7




20 Referring to Fig 7, we formsource/drain (SID) regions 50 adjacent to

the T-"gate 40 by an lon inplant process. Optionally, a resist pattern

be formed over the t-gate 40 7 5 MAY 2004 to act as an inplant nask. ‘?ﬁ@& 2004
gate 40 and isolation regions (not shown) act as inplant nmasks. The T gate
separates the SID regions 50 fromthe LLD regions 20 because the overhang

portion tdfet hdvni gah& 148603 : trate.thereunder. 5 As shown
in FIG7, a sili @?5’3 @ayefﬁll-gsg§ ?6@ rfag((?ﬁlsé@ﬁﬁ%ﬁ%“%@ﬁﬁhgwﬁk#laflgnpl@'ﬁH?P]Fsat eto
form sil ipgd the.SLD regions 50 and gate contacts 56 to the
T-gate. T%??atﬁg%aa F%nglﬂsgeﬂoﬁ ?1”3*5‘?‘6@%5@9 fagiang %%%e%?éﬁt}?iWF@quﬂl%i s
can be a | i she dfqorpming a netal |ayer over the substrate and gate
surface gﬁtgﬁg%ﬁ%gg?ﬁéhl?lﬁ%mﬁﬁ‘?lﬁpaﬁeél}ﬁé?“nf’ﬁ- forma nmetal silicide. It is a
maj or advantage of the invention's T-gate 40 that the top gate 40T is 10
wide to allow the silicide to formproperly. If a conventional straight
gate was used, the top of the gate would be too narrow to properly allow

the silicide to formproperty. The invention's T gate allows the gate
bottom 40B to -be madﬁ ar.r aw . 25,. o allow a denser circuit. As shown
BN EG Y Esicel

I

in FIG8, we forma FrdnE y§ris foymesh oyerdhe Tigaterndithee 40 and
substrate,10. The inter|evel dielectric (ILD) layer is preferably conposed
of sili c%ﬁ‘?%'{%‘e ;ng sifififesontpgts 6 (9 the S resions ok tegfontagts\ 6 emthedogete. 1000
and 12, 0,?@ A @sd sh?,w in FIG 8, W formcontact opening through the
di el ect r ¥ jS£ped ERplipige progess Relf Alignsd pilicidg). JFhis @O baaccompiished bWFornfingn, we
form contac}s 62 to the SID regions 50 and to the T-gate 40. The
{ metal [ayer over the substrate and gate surface and annealing the metal layer to form a metal

silicide. It is a major advantage of the invention's T-gate 40 that the top gate 40T is

10 wide to allow the silicide to form properly. If a conventional straight gate was used, the top of
the gate would be too narrow fo properly allow the silicide to form bropeny. The invention's T-

gate allows the gate bottom 40B to be made narrow (>0.25 um) to allow a denser circuit.

As shown in FIG 8, we form a ILD dielectric layer (ILD) 60 over the T-gate
40 and substrate 10. The interlevel dielectric (ILD) layer is j)referably composed of silicon

15 oxide and preferably has a thickness of between about 1000 and 12,000 A,

{ As show in FIG 8, We form contact opening through the dielectric layer 60 to

expose the S/D regions 50 and T-gate 40.

Then, we form contacts 62 to the S/D regions 50 and to the T-gate 40, The

contacts are preferably composed a conductive material such as W or polysilicon.

20




cont'acts are preferably conposed a conductive material such as Wor

pol ysi'licon. 20 8 ,5 MAY 2004 As to the detailed description, it shoul % Hﬁ‘( 2004
noted that, as used in this specification and the appended clains, theé
singular fornms "a", "an", and "the" include plural referents, unless the
context clearly dictates otherwi se. Thus, for exanple, the term"a

sem conductor"” inclu jf.fere mat er,i al s i.ch.are known to
have the behavi oral %%g?lglf\gg{delﬁ%ﬁ%%ﬂgfg%ogigﬁ%e%‘ﬁgﬂtag&??ggaé‘? ®nce to a
"plasm" ' r.gas.reactant act | vateg by, an RE gl ow :

di schar ggi,) é&gdé‘% gﬁann?etﬂ?a%’pg?%g cf?glﬁst’ tsmrgﬁfaéfqngf taf ?' %‘Bﬁ&ﬂ%sﬁ%l Iﬂﬁli‘J%‘hPllPrai al uri num
al | oys, her cqnductiv erial g which haye a nelting point enabling
Chem o Sacrelly Blest B3 Bt Fnly Efsis@ othelines Mg covupbaionB el n. 10, |1

t he above desc{%itgt,j.or] uner Qus %géifi c details are set forth such as flow
rates, predSeucORtiPe H%é,a VRt Rhebisest meerals whigh aredapwa o havevhedehaviemt e
thoroggh llederst,andi ng of the present invention. It will be obvious,

howevar , RA5aGsEIstiey ot 3 serpiconducins, raferenceiigra "phempincludes 2 ganoregdsirenstansy be
practiced without these details. In other instances, well known process
have no@cthated by s &Fghew dispharge; refdrerica toithecontat materialhinelvdesaumingmobscur e

the present invention. Also, the 15 flow rates in the specification can be
scal ed uplugrinuosiioykcagiothsr cindustivemataniabrwhlchdrave airetingtpoint a6bURFBRALES be

di fference sized reactors as is known to those skilled in the art. Wile

t he i nvesputtgredivzer thetemppatire mngaddsyribet hewinand described with reference to
the preferred enbodinents thereof, it will be understood by those skilled
gn the art that various

10 In the above description numerous specific details are set forth such as flow
. Tates, pressure settings, thicknesses, etc., in order to provide a more thorough understanding of
the present invention. It will be obvious, however, to one skilled in the art that the present
invention may be practiced without these details. In other instances, well known process have
not been described in detail in order to not unnecessarily obscure the present invention. Also, the
15 flow rates in the specification can be scaled up or down keeping the same molar % or ratibs to

accommodate difference sized reactors as is known to those skilled in the art,

o
P

While the invention has been particularly shown and described with reference
to the preferred embodiments thereof, it will be understood by those skilled in the art that various
20  changes in form and details may be made without departing from the spirit and scope of the
invention. It is intended to cover various modifications and similar arrangements and

procedures, and the scope of the appended claims therefore should be accorded the broadest
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20 changes’in formand details may be nade w thout departing fromthe
spirit and scope of the invention. It is intended to cover various 7§ MAy 2004
modi fications and simlar arrangenments and procedures, and the scope of

t he appended cl ains therefore shoul d be accorded the broadest 9 MAY 2004
interpretation so as to enconpass all such nodifications and sinilar

arrange ms..1. A nmethod of formng a
T-gate lrjg{gé ref’arﬁﬁn scPE %ﬂw psraélgsélgté%m 1 ang S FERge TR, aeg s;

conpri si ﬂﬁ)c&ﬂﬁ" steps of a) patterning an insulating layer to forma dumy
gate ove Strate sai d substrate having a substrate surface; said
insulation layer is patterned by formng a dummy gate resist pattern over
said insulating layer using a first gate optical nmask; said dunmmy gate
resist pattern is exposed using said first optical nmask, and etching said
insulating layer using said dumy gate resist pattern as an etch mask; b)
form ng LDD regions adjacent to said dummy gate by ion inplanting (111)
inmpurity ions into said substrate using said dumry gate as a

10




mask; c) formng a pad oxide |ayer over said substrate surface; d) formng

a dielectric layer over said pad oxide |ayer and said dummy gate and § MAY Zubh
renoving said dielectric layer fromover said dunmy gate; e) renovi‘ng said
dummy gate form ng a gate opening exposing said substrate surface; f)
formng a gate dielectric |ayer over said substrate surface in said gate
opening; g) formng a gate layer over said dielectric layer and said
substrate surface in said gate opening; 11_ 5 MAY 2004 h) patterning said
gate layer to forma T-gate; said ngalm@ filling said gate opening and
extending laterally over a port| on of sai d dielectri c | ayer; said gate

| ayer is pattqrned,b e_resi patter by using said
first gate optal caI A%et@ﬁ%@g%)\%g}ng xpggtfeﬁlae aWl F%Fl eﬁ’é‘i?&f‘s tgﬁ?ough said first

opti cal atgacorri K éf that the. T-glate resist pattern is between 60 % and
100 % wi d&r CRAIT TLH T APHRthe Slers

a) patterning an insulating layer to form a dummy gate over a substrate;
said substrate having a substrate surface;
said insulation layer is patterned by forming a dummy gate resist
pattern over said insulating layer using a first gate optical mask;
said dummy gate resist pattern is exposed using said first optical
mask, and etching said insulating layer using said dummy gate
resist pattern as an etch mask;

b) forming LDD regions adjacent to said dummy gate by ion implanting
(I/I) impurity ions into said substrate using said dummy gate as a
mask;

c) forminga pad oxide layer over said substrate surface;

d) forming a dielectric layer over said pad oxide layer and said dummy
gate and removing said dielectric layer from over said dummy
gate;

e) removing said dummy gate forming a gate opening exposing said
substrate surface;

f) forming a gate dielectric layer over said substrate surface in said gate
opening;

g) forming a gate layer over said dielectric layer and said substrate

surface in said gate opening;

11




and i) renoving said dielectric |layer and said pad oxide | ayer |eaving

said T- gate over said substrate. 2. The nethod of claim1 which furtkseMAY 004
i ncludes at the end the following steps: a) form ng source/drain (SID)

regi ons adjacent to said T-gate by an lon inplant process; b) formng a
silicide | ayer over said T-gate and said substrate to form silicide

contacts to the source/drain (SID) regions and gate contacts to the

T-gate; c¢) form ngrl??n interl evde%bfg]iﬁel ectric layer over the T-gate and

C . 1-g¢

substrate; d) form i EOHER Yeide ftmaubisasased Trpterlingsaidigass ect ri ¢
| ayer to expose said source/drain L(:‘I'S| D) regions and T-gate; and e) form ng
~contacts to said sour cePrnigrndsxispdingdgterally aves amertioniof said giglastricl 1A | 5 MAY
2 004 3. The method of claiml wherein said insulating |ayer is conprised
of silicon oxide. 4. Th&éygethod of claim1 wherein said durmy gate has a
wi dt h of between about 0.1 and 0.35 pm 5. The nethod of claim1 wherein
said dielectric |ayer ceaipgate&genots psitdrhebby wingd degatbresithpatbedi Reced®f cl ai m
| wherein said gate opening having a wi dth of between about 0.1

by using said first gate optical mask by over exposing a resist

layer through said first optical gate mask so that the T-gate resist

pattern is between 60 % and 100 % wider than said dummy gate

resist;

and

1) removing said dielectric layer and said pad oxide layer leaving said T-

gate over said substrate.

2, The method of claim 1 which further includes at the end the following
steps:

a) forming source/drain (S/D) regions adjacent to said T-gate by an Ton
implant process;

b) forming a silicide layer over said T-gate and said substrate to form
silicide contacts to the source/drain (S/D) regions and gate contacts
to the T-gate;

¢) forming an interlevel dielectric layer over the T-gate and substrate;

d) forming contact opening through said interlevel dielectric layer to
expose said source/drain (S/D) regions and T-gate; and

e) forming contacts to said source/drain (S/D) regions and to said T-gate.

11A




and ‘0.25 gm 7. The nethod of claim| wherein said T -gate having a gate
top with a top width of between about 0.25 and 0.5 pmand a top hei gﬁtww 904
bet ween 500 and 2000 A; and a bottomw dth between 0.1 and 0.35 pm and a
bott om hei ght between 1500 and 3$00 . A A. 8. The nethod of claim| wherein
said T-gate Javi te top with a top width of between about 0.35 and
0.5 m a%d a ﬁfﬂnﬁg‘?‘gﬁf?&%@tlmlsw insulatioieyek;is comprizedof silivon wixileh  bet ween
0.1 and, 0.25 m and a bottom height between 1500 and 3500 A 9. The nethod
of claifn1 r‘%‘?t&%‘%ﬁ‘»‘éﬁ!@dt@t‘—r@ymd demmy gpteiha e width plberwédniabom 0.3Qnd A
met hod of formng a T-gate and using a salicide process; conprising the
steps of :0.33umorni ng an insul ating layer over a substrate; b) formng a
dummy gate resi'st pattern over said insulating |ayer using a first gate
opti cals.' mashhe nethadasfichim | Mhefodi shid ' form a dummy gate
id GoLh e Lobigleed Skl

over said substrate; said substrate having a ee; 12 5 MAY -

2004 d)6.r emThe igtodi of cRiah € wheRinsdai ; £ or m. regi,ons adj acent
to said dunmy gate by ion inplant .“ﬁ%‘f‘é‘?‘f?ﬁ1“§%|1‘#%§?i“?§}ﬂftﬁgwﬁﬂ%k°§hiod
substr at @nggi2i@insai d dummy gate as a nmask; X ,

7. The method of claim 1 wherein said T-gate having a gate top with a top width of between

| about 0.25 and 0,5 nm and a top height between 500 and 2000 A; and a bottom width
between 0.1 and 0.35 jum; and a bottom height between 1500 and 3500 A .
8. The method of claim 1 wherein said T-gate having a gate top with a top width of between
about 0.35 and 0.5 um and a top height between 500 and 2000 A; and a bottom width

between 0.1 and 0.25 pum; and a bottom height between 1500 and 3500 A.

9. The method of claim 1 wherein said gate layer is comprised of polysilicon.

10. - A method of forming a T-gate and using a salicide process; comiprising the steps

of
a) forming an insulating layer over a substrate;
b) forming a dummy gate resist pattern over said insulating layer using a
first gate optical mask;
) patterning said insulating layer to form a dummy gate over said

substrate; said substrate having a substrate surface;

12




f) formng a pad oxide |ayer over said substrate surface; g) formng a
dielectric |l ayer over said pad oxide |ayer and said dumry gate and 004
renmoving said dielectric layer fromover said dumrmy gate; h) renovi né @é\f&
dummy gate form ng a gate opening exposing said substrate surface; i)
formng a gate dielectric |ayer over said substrate surface in said gate
openi ng; said gate opening having a wdth of between about 0.1 and 0.35
p.m j) forming a gate layer over said dielectric layer and said substrate
surface in said gagb reipeving said gafe desgpapaitdrziyer is conprised of polysilicon;
k) patterning said gate layer to forma T-gate by formng a T-gate resi st
pattern and et chi ng) dJaining&D® tegipas adjs@ntitoFaidatuennty $dt¢ bgicaamglagate openi ng
and extending laterally over a portion of said dielectric layer ; said
gate layer is patter (/Ddinpgri® idnsgafosaidaabstatddideanill dundhy pae hos med by
exposing a resist layer using said first gate optical mask; said T-gate
resist pattern is betyggn 60% and 100% wi der than said dumy gate resist
-pattern and where said T-gate resist pattern is formed by overexposing a

resist |ayer thoropgisahglafdaitkid@dRr R Gl subSrate surface;

g) forming a dielectric layer over said pad oxide layer and said dummy
gate and removing said dielectric layer from over said dummy gate;

h) removing said dummy gate forming a gate opening exposing said
substrate surface;

i) forming a gate diclectric layer over said substrate surface in said gate
opening; said gate opening having a width of between about 0.1 and
0.35 pm;

J} forming a gate layer over said dielectric layer and said substrate
surface in said gate opening;
said gate layer is comprised of polysilicon;

k) patterning said gate layer to form a T-gate by forming a T-gate resist
pattern and etching said gate layer; said T-gate filling said gate
opening and extending laterally over a portion of said dielectric layer ;
said gate layer is pattern using a T-gate resist pattern that is formed by
exposing a resist layer using said first gate optical mask;
said T-gate resist pattern is between 60% and 100% wider than said
dummy gate resist pattern and where said T-gate resist pattern is

formed by overexposing a resist layer thorough said first gate optical
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5 MAY 2004 mask; said T-gate has a gate top with a top width of between
about 0.35 and 0.5 gmand a top hei ght between 500 and 2000 A; and aé MAY 2004
bottom wi dth between 0.1 and 0.35 gm and a bottom hei ght between 1500
and 3500 A; I) renoving said dielectric |ayer and said pad oxide |ayer

| eaving said T- gate over said substrate; m) form ng source/drain (SID)
regi ons adjacent to said T-gate by an lon inplant process; n) formng a
silicide layer over said T-gate and said substrate; to form silicide
contacts to said sourB®fdrain (SID) regions and gate contacts to the
T-gate; o) formng a dielectric layer over the T-gate and substrate; p)
form ng contact openisA§ t-Bdelehe s8¢ ravigt aa@prvndthlogivgﬁwemaMpM adi d
source/drain regions and T-gate; and ) form ng contacts to said

sour ce/ drai n regi ons Gehgmtand saomhéighgalictwechd 500 and 2000 A; and a bottom

width between 0.1 and 0.35 pm; and a bottom height between 1500
and 3500 A;

I} removing said dielectric layer and said pad oxide layer leaving said T-
gate over said substrate;

m) forming source/drain (S/D) regions adjacent to said T-gate by an Ion
implant process;

n) forming a silicide layer over said T-gate and said substrate; to form
silicide contacts to said source/drain (S/D) regions and gate contacts to
the T-gate;

o) forming a dielectric layer over the T-gate and substrate;

p) forming contact opening through said dielectric layer to expose said
source/drain regions and T-gate; and

q) forming contacts to said source/drain regions and to said T-gate.
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