< A CNCS Gate Architecture for Integratlon of SALICIDE Process in Subcﬁﬁlssag'ﬁ'
[err] M Devi ces Background of | nvgpédgon
1) Field of the Invention The present invention
relates to the fabrication of integrated circuit devices on sem conductor
substrates, and particularly to a nethod for form ng gate structures for
salicide processes, and nore particularly relates to a nethod for making
sub-quarter-m cronmeter gate electrodes having a "mushroom shape". 2)
Description of the Prior Art =1- Advances in the
sem conductor process technol ogies in recent years have dramatically
decreased the device feature size and increased the circuit density and
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are formed using poI ysilicon gate el ectrodes and sel f-aligned _

source/drain contact areas. he conventional FETs are
typically fabricated by patterni né;aﬁhgr)?é'f'# 055?1“65?’% el &ctrodes over a thin
gate oxide on a single crystal sem conductor substrate. The gate el ectrode

1) Field of the Invention

The present invention relates to the fabrication of integrated circuit devices on
semiconductor substrates, and particularly to a method for forming gate structures for salicide
processes, and more particularly relates to a method for making sub-quarter-micrometer gate -

electrodes having a "mushroom shape".

'2) Description of the Prior Art

”

Advances in the semiconductor process technologies in récent years ha\;e
dramatically decreased the device feature size and increased the circuit de'nsity and performance
on integrated circuit chips. The field effect transistor (FET) is used extensively for Ultra Large
Scale Integration (ULSI). These FETs are formed using polysilicon gate electrodes and self-

aligned source/drain contact areas.

The conventional FETs are typically fabricated by patterning polysilicon gate
electrodes over a thin gate oxide on a single crystal semiconductor substrate. The gate electrode
structure is used as a diffusion or implant barrié.‘r.mask to forrﬁ self-aligned source/drain areas in
the substrate adjacent to the sides of the gate electrode. The distance from the source junction to

drain junction under the gate electrode is defined as the channel length of the FET.

Advances in semiconductor technologies, such as high resolution

photolithographic techniques and anisotropic plasma etching, to name a few, have reduced the |



¢ structure is used as a diffusion or inplant barrier mask to form

sel f-aligned source/drain areas in the substrate adjacent to the stdes of
the gate el ectrode. The distance fromthe source junction to drain
junction under the gate electrode is defined as the channel |ength of the
FET. Advances in sem conductor technol ogi es, such as
hi gh resol ution phot ol i t hographi ¢ techni ques and ani sotropic pl asna
etching, to nane a few, have reduced the- 2 -

- 2- m nium feature sizes on devices to less than a quarter-mcroneter.
For exanple, FETs having gate electrodes with widths |ess than 0.25

m cronmeters (um, and channel lengths that are less than the gate _
el ectrode wi dth ?re currently. used in the industry. L
However, SNDYMHN IGaBIRR 812en Qe vicshtq Isssabanpguarieemicrameter. Hos axpmple, FETghaviag.
reduced, the FET device experiepces a nunber of undesirable electrical :
char act er igatejelestrodgsevitihwisithsclasstbam® 2 8 mictometers (umdad shanmeldengthsthet arelesndes
is the high electrical sheet resistance which inpairs*the performance of
t he i nt egithanghbe gate elgctrodeCridthnart hamiendly uséd inthe/imdostryy this problemis to
formon the gate electrode a netal silicide |layer that substantially
reduces the sheet resistance of the polysilicon gate electrode, and al so

the local electrical iHowewgnasetiis dgwhscalissg ooinués and thee chanaetelepgthyis i fuithan
| ayer. A typical approach is to use a salicide process. In this process the
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substrate. Insulating _
problem associated with these narrow gate electrodes is the high electrical sheet resistance which
impairs the performance of tixe integrated circuit. One method of circumventing this problem is
to form on the gate electrode a metal silicide layer that 'substantially reduces 'ti_l'e s_heet_resist'ance
of the polysilicon gate electrode, and also the local electrical interconnecting lines méd_e from t_he_
same polysilicon layer. A typical approach is to. use a salicide process. In this process the
polysilicon gate electrodes are patterned over the device areas on the substrate. Insulating
sidewall spacers are formed on the sidewalls of the gate electrodes, and source/drain areas are
implanted adjacent to the gate electrodes. Using the salicide process, a metal is deposited over

the polysilicon gate electrodes and the self-aligned source/drain areas, and sintered to form a

silicide layer on the polysilicon gates and silicide contacts in the source/drain areas. The

unreacted metal on the insulating layer is selectively removed. Unfortunately, the formation of
these salicide gate electrodes can result in undesirable effects, such as residual metal or silicide
stringers extending over the narrow spacers causing electrical shorts between the gate electrodes

and the source/drain areas.

A second problem, the inventors found, results from forming titanium silicide
on sub-quarter-micrometer FETs. The problem is that it is difficult to form low sheet resistance
silicide on these sub-0.25-micrometer (jum) gate lengths. One method to circumvent this

problem is to use a cobalt or a nickel silicide to replace the titanium silicide. US 5?73 1,239



* sidewal | spacers are forned on the sidewalls of the gate el ectrodes, and
source/drain areas are inplanted adjacent to the gate el ectrodes. Using
the salicide process, a netal is deposited over the polysilicon gate
el ectrodes and the self-aligned source/drain areas, and sintered to forma
silicide layer on the polysilicon gates and silicide contacts in the
source/drain areas. The unreacted netal on the insulating |layer is
sel'ectively renmoved. Unfortunately, the formation of these salicide gate
el ectrodes can.fresult in undesirable effécts, such as residual netal -or
stlicide stringers extending over the narrow spacers causing el ectri cal
shorts between the gate el ectrodes and the source/drain areas.

A second inventors fo u romform.ng titani,u
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difficult to form |l ow sheet res;stance ilicj on. t hese

sub- 0. 25- FRStSFBfR t54P anpEZedie polydlicanayss v'%@ﬁﬁﬁm prigr 1 fopmingdhg titapium
problemis to use a cobalt or a nlckel silicide to replace the titanium
silicide. siligids. 731, 239

-3- (Wng) (Assigned to sane aSS|gnee) describes an alternative nethod
to inprove the sheet resistance is to anorphize the polysilicon |ayer by
ion inplantation prior to formng the titanium silicide.

The importance of overcoming the various deficiencies noted above is
evidenced by the extensive technological development d_irécted to the subject, as documented by
the relevant patent and technical literature. The closest and apparently more relevant technical

_ d.e\'/ellbp_ments in the patent I.iterat-u're can be gleaned by considering US 5,650,342(Satoh) shows
a T.shaped- gate. US 5,434,093(.Chau) s.,hows.an in.ver_ted'.spacer,transistor. US 5,565,383(Sakai)
shows a gate and salicide process. .US 573 1;239(W0r_1g) shdw's_'a’ §élf}éligned silicide narrow
gate process. US 5,726,081(Lin) shows a T shaped gate electrode. US-5.;7_IO,450(Chau) shows ’

another salicide process. US 5,688,704(Liu) teaches aT shaped gate formed without a spacer

process.

However, the sub 0.25 um Salicide process can be further improved.
Therefore, there is still a strong need in the semiconductor industry for making sub-quarter-
micrometer gate electrodes having lower sheet resistance using improved silicide techniques, and
for controlling manufacturing costs by reducing the number of phiotoresist masking steps and

other processing steps.



: The inportance of overcom ng the various deficiencies noted above is

evi denced by the extensive technol ogi cal devel opnent directed to the

subj ect, as docunented by the relevant patent and technical literature.
The cl osest and apparently nore rel evant technical devel opnents in the
patent literature can be gl eaned by considering US 5, 650, 342( Sat oh) shows

a T shaped gate. US 5,434, 093(Chau) shows an inverted spacer transistor. US
5,565, 383(Sakai) shows a gate and salicide,process. US 5,731, 239(WngQ)
shows a self-aligned silicide narrow gaté process. US 5,726, 081(Lin) . shows
a T shaped gate el ectrode. US 5,710, 450(Chau) shows another salicide
process. US 5,688, 704(Liu) teaches a T shaped gate fornmed w thout a spacer
process. However, the sub_0.25 [err]m Salicide process
can be further inproved. Theref odmmaxy of the Inyenfioh, sirong need in the
sem conductor industry for making sub-quarter- mcroneter gate el ectrodes
havi ng | ower sheet resistance using inproved.silicide. techniques, and for
~controlling manuf act uri HgiscBsrefonsya (primgiah pbissk ofuthse invention & Jpamfigld effect
maski ng steps and ot her processing steps.

-4- © transistors having sub-quarter-micrometer wide Saterglgojrodés witerefluged sheed resistance and
It is therefore a principal object of this invention to formfield effect
silicide gate contacts.

It is another object of this invention to provide these low sheet resistance gate
electrodes 22 44A so to have a "mushroom shape" so that the top of the gate has an increased

surface area 46 48 and the center gate portion 22 has a narrow sub 0.1 pm width 46.

A further object of this invention is to form sub 0.25 pum field effect

transistors having low sheet resistance gate electrodes using titanium silicide or cobalt silicide or

nickel silicide.

It is still another object of the invention to reduce the number of photoresist

masking steps and to simplify the process to provide a cost-effective manufacturing process.

It is an object of the invention to fabricate devices with high drive currents by

shrinking device dimensions, at the same time achieving low gate RC (propagation) delay .

In accordance with the objects of the embodiments, the invention provides a
method for fabricétihg improved field effect transistors (FETs) having Mushroom shaped gate
structure 22 44A that increases the top gate silicide contact area and improves the SALICIDE

- process.



<

 transistors havi ng sub-quarter-microneter w de gate el ectrodes with reduced
sheet resistance and silicide gate contacts. : It is
anot her object of this invention to provide these | ow sheet resistance gate
el ectrodes 22 44A so to have a "nushroom shape” so that the top of the gate
has an increased surface area 46 48 and the center gate portion 22 has a
narrow sub 0.1 [err]mw dth 46. A further object of
this invention is to formsub 0.25 [err]n1fig|d effect transistors having
| ow sheet resistance gate el ectrodes using titaniumsilicide or cobalt '
silicide or nickel silicide. It is still another
object of the invention to reduce the nunber of photoresist nasking steps
and to sinplify the prgcess t? cost-effective manufacturi

. provide a. rin S
br ocess. 6 accomplisf teabaye ehigtives. dhe RTFREnS (BYRINIOR SFOdFs e ditho o
devices with high drive currentg by shrinki ng devi ce dinensions, at.-the .
same time efdhbrisatinga [ mushyeers skapedheaip sigenturen Thel drveption's novel upper gate extensions
In accordance with the objects of the enmbodi ments, the’invention provides a
net hod f or444Anlindrease thejop gpte suriatefareal sd that thecsilicidesgase eantacts 0RENIdHaveialamg -
Mushr oom shaped gate structure 22 44A that increases the top gate silicidc
cont act areesistvity.i nproves the SALICIDE process .

A gate stack 18 22 26 preferably co.mprised of a gate oxide layer 18, a center
gate pbrtion 22 and a hard mask 26 is formed over a substrate. (Fig 2). An oxide liner 30 is
preferably formed over the substrate. Lightly doped drains/sources (LDD) 34 are formed
adjacent to the gate stack 18 22 26. The oxide liner 30 is ﬁsed to reduce the implant range and

damage due to the LDD implantatio'n.

Next, we foﬁn a first insulating layer 40 over the semiconductor substrate and |
the gate stack 22 26 18. See Fig 3. The next step chemical-mechanical polishes (CMP) the ﬁrs;
insulating layer 40 and oxide liner 30 to expose the hard mask 26. ( See Fig 4). The hard mask
26 enhances the end-point detections for the CMP step. The hard mask 26 is removed, and a first
thickness of the oxide liner 30 and first insulating layer 40 is etched to expose sidewalls of the

center gate portion 22. (Fig 5).

A second conductive layer 44 is formed over the first insulating layer 46 and
the center gate portion 22. Fig 6. The next step anisotropically etches the second conductive
layer 44 to form critical rounded (e.g., hemispherical) upper gate extensions 44A on the
sidewalls of the cénter gate portion 22. The rounded (e.g., hemispherical) upper gate extensions

44A and the center gate portion make upa "mushroom shaped" gate structure 22 44A. (Fig 7)



. To acconplish the above objectives, the present invention provides a nmethod
of fabricating a "nmushroom shaped" gate structure. The invention's novel
upper gate extensions 44A increase the top gate surface area so that the
silicide gate contacts 70 wll have a low resistivity.

A gate stack 18 22 26 preferably conprised of a gate oxide |ayer 18, a
center gate portion 22 and a hard mask 26 is forned over a substrate. (Fig
2). An oxide liner 30 is preferably fornedeower the substrate. Lightly
doped drai ns/sources (LDD) 34 are fornmed adjacent to the gate stack 18 22
26. The oxide l'iner 30 is used to reduce the inplant range and danage due
to the LDD inplantation. Next, we forma first

i nsulating | ayer 40 over the sem conduct or substrate and the gate stack 22
26 18. See Fig 3. The rdgrdirgingylatinglavenflO iscaisatrppigallymichied msisg ttenpyndedapper
first insulating layer 40 and qQxide liner 30 to expose the hard mask 26.
(See Fig 4pate Ektendionsciddeasian ebch raaskeforming idveeraredangolan sidevealbsgacers S2 fonthd he
CWP step. The hard mask 26 is renoved, and a first thitkness of the oxide
li ner 30 -asidedallssdf theeaterghie pohtimea2. s&mce/dﬁmfegﬁnﬁ 84 ereformfedsh ARVRIniGnaihctbihe
center gate portion 22. (Fig 5). A second conductive

| ayer 44 is forned over ‘the first insulating |ayer 46 and the center gate

portion 22. Fig 6. The AeMicidelppcesdlis peifbMitdas fdrm flicidesoutditdraiacomdcts 64 and
conductive l|ayer 44 to formcritical rounded (e.g., hem spherical) upper

gate exteng] Rps etf4Id? §1ﬁ&de(§gaﬁ|@ YGttdcEs B tolrBuce ?Qltaﬁiflc gé,is?anl?@ r Tl'\ér?]éfo?ez theThe

rounded (e.g., hem sp eri cal )" upper gate extensions e center

gate porti Qﬂﬂum&ﬁn URapRd" Pe EEEPc?&Pe%E"‘LE%q RAh&eaks HetdP Eatg a_.lrééé‘ares 56 that the

silicide gate contacts 70 will-havé a low resistivity due to the more uniform silicide. The salicide
process preferably includes an ion amorphization step. The silicided source/drain contacts 64

and silicided gate contacts 70 are preferably composed of Titanium silicide (TiSix) or Cobalt

silicide (CoSiy).

.BENEF[TS OF THE UPPER GATE EXTENSIONS 44A

The invention provides the following benefits. The invention provides a
method for fébficating improved field effeét transistors (FETs) ha;/ing Mushroom sha;;éd gate
structure 22 44A that increases the top gate silicide contact area and improves the Ti- SALICIDE
process. The key idea is to increase the gate surface area for silicidation, irregardless of what -the
gate dimensions scale down to. This will al'le.viaf-é- the starvation of C54-nucleation sites at the
triple grain boundaries of the_C49 polymorph as the gate length downsizes for the Ti-Salicide

_process. The invention's upper gate exf_é_riSibris "44_A increase the gate top surface area for silicide
contacts 70 while the center géte poﬁion 22 maintains .a nan"ow channel width iﬁ order to

- increase the device drive current.



T -60 The first insulating layer 40 is anisotropically
et ched using the rounded upper gate extensions 44A as an etch mask form ng
| ower rectangul ar sidewall spacers 52 on the sidewalls of the center gate
portion 22. Source/drain regions 54 are formed in the sem conductor

A salicide process is perfornmed to formsilicide source/drain contacts 64
and to formextra |arge SI|ICIded gate cogtacts 70 to reduce parasitic
resi'stance. Therefore, the "nushroom shapéd™ gate structure 18 22 44A 70

i ncreases the top gate surface area so that the silicide gate contacts 70
witl have a low resistivity due to the nore uniformsilicide. The salicide
‘process preferably includes an ion anorphization step. The silicided
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area and inprgves _the Ti- SALIClDE
non-linear increase in sheet resistance of silicide gate structure as the gate length shrinks. The

reason for this is due to difficulty in fabricating uniform TiSi, films on gates with narrower
[]

geometries. This results in higher gate sheet resistance which exacerbates the higher gate RC

delayed associated with deep sub-micron devices.

Additional objects and advantages of the invention will be set forth in the
description that follows, and in part will be obvious from the description, or may be learned by
 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

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 follow“ir.lg
description taken in conjunction with the accompanying drawings in which like reference

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



‘process. The key idea is to increase the gate surface area for :
silicidation, irregardless of what -the gate di nensions scal e down to
This will alleviate the starvation of C54-nucleation sites at the triple
grai n boundaries of the C49 pol ynorph as the gate |ength -downsizes for the
Ti-Salicide process. The invention's upper gate extensions 44A increase
the gate top surface area for silicide contacts 70 while the center gate
portion 22 maintains a narrow channel V\ndtlg in order to increase the
device drive current. : :

-7~ The invention's new gate structure, reduces the
"l'tnewidth effect” observed for TiSi2. The maturity of the TiSi2

t echnol ogy provi des th .extr s to di scove new hods to

its use for future deV| dgairey ﬂf'ﬁg:?@eﬁr?éﬁfmé%’ﬁf’ﬂ?'? *‘I’W@fqrnﬁ'@twlﬁﬁﬁ“’éﬁ’%?
the non-linea |ncrease in sheet resistance of silicide gate structure as
the gate |é}?gtlf?‘=§1ﬁm$ Aaushroom shapedigate stajctyre and saécléaarqc@ﬁs(gpqqrdla& fe ghemﬁesent .
fabricating uniformTiSi2 filnms on gates with narrower ‘geonetries. This
resul ts i niegH@E gate sheet resistance which exacerbates the h| gher gate
RC del ayed associated with deep sub-nicron devices. _
Addi ti onal objects and advantages of the invention wll be set forth in the
description that foll ov8gurada is athoeerdimensionabeiewtnfitkeigvention's trwshohesic stiaped on,
or may be learned by practice of the invention. The objects and advant ages

of the i nveateistnctomshbwingahé Hliredvidthceffeotdtand tednipntion'aiped fate extansions 44A that
i nstrurrent alities and conbinations particularly pointed out in the append
reduce the resistance. :

Detailed Description of the Preferred Embodiments

The inventors have encountered problems with silicide gate contacts as the
gate dimensions are decreased below the 0.25 um size. Titanium has been widely used for
salicidation since the 1 um generation. However, with shrinking geometries set to break the 0.2
um mark, conventional Ti-SALICIDE process has a major shortcoming due to a kinetic
restriction imposcd by the smaller gate lengths on the C49 to C54 polymorphic phase
transformation. The inventors have found that the small gates do not have sufficient number of
C54-nucleation sites at thg_ triple grain boundaries of the C49 polymorph. The inventors
requirement for ultra-shailow junctions means that thinner Ti film has to be used, which further
exacerbates this kinetic difficulty of forming C54-TiSi; .. This places the use of TiSii for future o
sub-0.25 pm de'.vi'.ces info doubt. A ‘nev'\} method or architecture is thus needed if t-itahiurﬁ silicide

(TiSix) is to be extended for SALICIDE process in the next century. For the inventprs, thi;



© clains. Brief Description of the

- Drawings ' The features and advant ages of a

sem conduct or 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 following description taken in conjunction with the acconpanying
drawi ngs-in which like reference nunerals glesignate sinmlar or
correspondi ng el ements, regions and portions and in which:

Figures 1 through 11 are cross sectional views for illustrating a rret hod
for manufacturing a nushroom shaped gate structure and sal i ci de process
according to the present invention gure 12 is a
three di nefiotivgiion asises,dusrto f‘ﬁ‘ée‘ﬁm@st@bﬁa@f‘wlo%ﬁw@ﬁ af%ess ify &teéugmmct ure
showing the "line width effect",and the invention's upper gate extensions
44A t hat mmfggtutmg sectarifer GMEXS device fabrication.

-

The present invention provides a method of for fabricating improved field
effect transistors (FETSs) having Mushroom shaped gate structure 22 44A that increases the top

gate silicide contact 70 area and improves the Ti-SALICIDE process. .

In the following description numerous specific details are set for<1 such as
flow rates, pressure settings, thicknesses, etc., in order to provide a more thorough understanding
of the present inveﬁtion._ It will be obvious, however, to one skilled in the art that the present
.inven.tior_l may be practiced without these details. In other instances, well know process have not

“been déscribed in dgt_ail inbr’der to not.unnecessarily obscure the present invention. Note that all

| single value parameters 'i.r_x this specification have preferred limits of +/- 10% if a preferred range

is not stated.

- The method of the invention may be generally described as follows. The

present invention provides a method of a "mushroom shaped" gate 33 44A.

Fig 1 shows the step of providing a semiconductor substrate 10. A gate oxide

layer 18, a first conductive layer 22 and a hard mask layer 26 are formed over the substrate.

Fig 2 shows the step of patterning the layers 18 22 26 to form a gate stack 13
" 2226 comprised of a gate oxide layer 18, a center gate portion 22 and a hard mask 26. The
center gate portion has sidewalls. The center gate portion is formed from a first conductive layer

22 preferably composed of polysilicon.



{ Detailed Description of the Preferred Enbodi nents

The i nventors have encountered problens with silicide gate contacts as the-
gate di nensi ons are decreased below the 0.25 [err]msize. Titani um has been
wi dely used for salicidation since the 1 um generation. However, wth
shrinking geonetries set to break the 0.2 um mark, conventiona

Ti - SALI CI DE process has a nmajor shortcomng due to a kinetic restriction

i nposed by the snmaller gate Iengths on the_ G49_to C54 pol ynorphic phase
transformation.” The inventors have found that the snmall gates do not .have
sufficient nunber of C54-nucleation sites at the triple grain boundaries
of the C49 pol ynorph. The inventors requirenent for ultra-shall ow

' ti t hat t ki [ 1, frll : i.ch f er

L Xacer bates this ki net iie i maskas, Wepdtisb, SEmBERA. ordYfibon ldd b oron
of TiSi.2.for, futyre -0 rr evices into,doubt. A n met hod

o Sar chi t clififee The e sk CHtrarefabit sk frane ofbersepjabpul 50D pand 700

ext ended fgr SAI(_AQCASEQ%O%S in the next century. For*the inventors, this

-9- mot FEE 004 CgRfer gase poriion 82 prederaly bag a thigkuesstiy a sanggiof Betiween de

process in the current manufacturing sector for CMOS device fabrication.
about 1800 and 2200 A and a width less than about 0.1 pm.

An oxide liner 30 is then preferably formed over the substrate.

Next, lightly doped drains/sources (LDD) 34 are formed adjacent to the gate -
stack 18 22 26. The oxide liner 30 is used to reduce the implant range and damége' due to the

LDD implantation.

Referring to Fig 3 a first insulating layer 40 is formed over the semiconductor

substrate, the liner 30, and the gate stack 22 26 18.

Fig 4 shows the step of chemical-mechanical polishing the first insulating
layer 40 to expose the hard mask 26. The hard mask 26 enhances the end-point detection for the

chemical polishing step.

Fig 5 shows the step of removing the hard mask and parts of the liner and
etching a first thickness of the first insulating layer to expose sidewalls of the center gate portion

22.

Fig 6 shows the step of forming a second conductive layer 44 over the first
insulating layer 46 and the center gate portion 22. The second conductive layer is preferably

composed of polysilicon.



. The present invention pfovi des a method of for fabricating inproved field
effect transistors (FETs) having Mishroom shaped gate structure 22 44A t hat
i ncreases the top gate silicide contact 70 area and i nproves the

Ti - SALI CI DE process. In the foll owi ng description
numer ous specific details are set formsuch as flow rates, pressure
settings, thicknesses, etc., in order to provide a nore thorough

under standing of the present invention. |Ltywll be obvious, however, to

one skilled in the art that the present |nvent|on may be practlced mnthout
t hese details. In other instances, well know process have not been
described in detail in order to not unnecessarily obscure the present

i nvention. Note that in ar ters specifigation
have preferred lim tsaf‘"l)ghfxowgh%sl\{ep @b‘&’é’@?@%@‘éﬁ(ﬂgugbv&e lﬁgefaglt%f

The net hod of e |nven I Qn may,be . generally described as fol | ows. The .
present i ﬁ9‘é’h’@é2 dcal) yApeRgate extensionkididy enhe gidaallsof gha centensate o
Fig | shows the step of rovi ding a seni conductor substrate 10. A gate

oxi de | ayertiops2. sTheirpunded foigwbernispherisgly upper gatecextensiansitdfaand Hheycentepgatar e
formed over the substrate. Fig 2 shows the step of
pat t er ni ngortins makenp a Igusizoon Sh&peﬂ'bgate atrgraure 28 MdAk - Tig ro@ledGippargatd sed of
a gate oxide layer 18, a center gate portion 22 and a hard mask 26. The

center gatestepsiohs 44A hae sheightdd 4 sangd bEbetanércabogn800 pad 1000MA besd 4 widveds (geem a
first conductive layer 22 preferably conposed of ponS|I|con

Fig 8) in a range of between about 900 and 1100-A.

Fig 8 shows the,siep of anisotropic_ailly etching the first insulating layer 40
using the r_du_nded upper gate extensions as an etch mask _forniing lower rectangular sidewall
spacers 52 on the sidewalls of the center gate portion 22. The rectangular spacers 52 preferably
have a height in a range of between abo;it 1000 and 1200A and prefera_biy a width 48 between

about 0.9 and 1.1 um. The center portion 22 prefera'bly has a width 46 less than 0.1 pm. - -

Fig 9 shows the step of forming source/drain regions 54 in the semiconductor

substrate. The $/D regions 54 can be formed by an implant process.

Figs 10 & 11 shows the step of performing a salicide process to form silicide
source/drain contacts 64.and to form silicide gate contacts 70. In a salicide process (Self Aligned
silicide), a metal layer is formed over the S$/D regions, gate and gate sidewall spacers. The
substrate is heated to form silicide S/D contacts and top gate.contacts. The unreacted metalon -

the spacers is removed.

The "mushroom shaped” gate structure 44A 22 increases the top gate surface -
area so that the silicide gate contacts 70 will have a low resistivity. The salicide process

preferably includes an ion amorphization step: The ion amorphization preferably comprises a I/l



:- 10 - The hard mask 26 is preferably conposed of a
- Silicon nitride, or boron nitride. The hard mask 26 preferably has a

t hi ckness in a range of between about 500 and 700 A (tgt = 600 A). The
center gate portion 22 preferably has a thickness in a range of between
about 1800 and 2200 [err] and a width-less than about 0.1 [err]m

An oxide liner 30 is then preferably formed over the substrate.

Next, lightly doped drains/sources (LDD) 34 are forned adjacent to the gate
stack 18 22 26. The oxide liner 30 is usedl? o reduce the inplant range and
damage due to the LDD inplantation. Referring to Fig

3 afirst insulating |layer 40 is fornmed over the sem conductor substrate,
the liner 3Q,.and the gate stac 2 26_18. 2 _ Fi g .4 _shows
the step of° c,SrHQFn'aEﬁpQ ﬁe&meeaﬂ%émnﬁﬁﬁédwmsﬁm sapd@h%amriqﬁaetwes@éﬁ-m to
expose the hard mask 26. The hard nmask 26 enhances the end-point detection
for the chidK&y- polishing step. Fig 5 shows the step
of. removing the hard mask and parts of the liner and etching a first
thi ckness of the first insulating |ayer to expose sidewalls of the center
gate portion 22. The silicide source/drainRiogtagtssand ta feemsilisisiegatef eontactsgOzare
second conductive |ayer ‘44 over the first

preferably composed of Titanium silicide (TiSiz ) , Nickel silicide (NiSi), Nickel (alloy) silicide

( Ni(metal)Si) or Cobalt silicide (CoSi; ) and is most preferably composed of TiSi,.

Fig 12 shows why the invention's gate extensions 44 reduces the parasitic
resistance. The greater u..niformity of the Silicide film 70 formed on the sub-0.1 um polysilicon
gate 2_2 provides lower resistance shunts path ( 1/ Rs = 1/(Rc1 +Rc2) ) relative to the doped poly
22 alone for the current to pass through. Especially for TiSiy, the high gate resistance comes into

' _play' .mo_re- qﬂen since the currenf is not able to flow continuously in the silicide film. The
. ~i|.1ver.iti.or_1's gate extensions 44a and the additional silicide area 70 reduce the resistance of the

" gate and give a larger surface area for the silicide (e.g., TiSi; ) to form.

Example of a Preferred Embodiment

The fdllowing non-limiting examples represent preferred forms and best
modes contemplated by the inventor for practice of his invention, as well as illustrating the

. results obtained through its use.



* insul ati ng

| ayer 46 and the center gate portion 22. The second conductlve

| ayer is preferably conposed of polysilicon.
Fig 7 shows the step of etching the second conductive |ayer 44 to form

rounded (e.

the center
ext ensi ons

g. hem spherical) upper gate extensions 44A on the sidewalls of
gate portion 22. The rounded (e.g., hem spheri cal ) upper gate
44A and the center gate portion make up a "mushroom shaped"

gate’ structure 22 44A. The rounded upper gatss -extensions 44A have a hei ght

in a range
I n-a range

of between about 800 and 1000 [err] and a width 48 (see Fig 8)
of between about 900 and 1100 [err]. Fig 8

shows the step of anisotropically etching the first insulating |ayer 40

?Zt?gnéﬂfai"ﬁ.”ﬁiﬂai‘f’per ?%‘?gf@‘ﬁé'ﬁ"‘éd* E@@?‘e@é}mﬁm" fif o FR 136 11 and

portion 22.

of between
0.9 and 1.
than 0.1 [

b Tied 3665” obhs PR S el PesPiPalt ade itk Tade E- e Rt

e center portion 22 preferably has a width 46 |ess

ér{] f m Th 7y
} l]tshl\ imits are not state Fig 9 shows the step of forning

source/drain regions 54 in the sem conductor substrate. The S/ D regions 54
can be formed by an inplant process.

As shown in Fig 1, after the field oxide isolation 14 preferab|y in the form of

~ STI (shallow trench isolation) and N-well and P-well (not shown) have been dgfined, a stack

consisting of about 35A nitrided gate oxide 18, .a first polysilicon layer 22 (e.g., LPCVD) (first
conductive layer) with a thickness in a range of between about 18_()O and 2200 A(tgt = about

2000A), and an about 600A insulating hard mask 26 , (i.e. Si,Ny or boron nitride) is deposited. -

Referring to Fig 2, using plasma etch, the gate stack is defined preferably with
a line width 46 of < 0.1 um. Subsequently, a 200A oxide liner 30 is blanket deposited. A LDD

implarit through the oxide layer is then carried out to form (LDD) lightly doped source and drain

regions 34.

Referring to Fig 3, next, a layer of LPCVD TEOS oxide layer 40 (first

insulating layer) is blanket deposited, preferably with a thickness between about 5500 and 6000

A

Fig 4 shows the CMP (chemical meehanical polishing) step that is used to
remove the excess TEOS oxide leyer 40 abéwe the gate stack 18. 22 26. 'fhe insulating hard
mask 26 on the poly-gate 22 is used as a CMP stop-layer to enhance the end-point detection of
the CMP process. Some dishing is evident on the exide layer 40 over the active or field oxide 14 -

with no underlying polysilicon gate 22,



* Figs 10 & 11 shows the step of performng a salicide process to form
silicide source/drain contacts 64 and to formsilicide gate contacts 70.
In a salicide process (Self Aligned silicide), a netal |ayer is forned
over the S/D regions, gate and gate sidewall| spacers. The substrate is
heated to formsilicide S/D contacts and top gate contacts. The unreacted
metal on, the spacers is renoved. The "mushroom
shaped” gate structure 44A 22 increases tq? top gate surface area so that
the silicide.gate contacts 70 will have & fow resistivity. The salicide
process preferably includes- an ion anorphization step. The ion

anor phi zati on preferably conprises alll

- 12 - of Si or %f?egﬁg%g) Fl§ %glﬁy uéli#g ga%te% 't:'ch ;#oé"etsg & s/tq.ﬂéu%rnst} fl% Ing e

at a power of between

oot or abl o RS THREER: Birdre? ?m%%b@?a%%“rcr%'@lg'v%s%a%%e%@%@ s 5@- qswgie&aer Q
Ni Si Ni ckel N tal)S Cobal 't | i

(Cosi { er ] Sorrationel 8 SHglerancrnivgy i hpman 4wigp s 89 pr ) RIE CFYCHEy/Ar

" Fig 12 shows why the invention's gate extensions 44 reduces the parasitic
resi st ance(se*Fﬁ'éV'Ej’rt@éhQ?mah%@Q)&sﬁb?l}t lofl) istperfermede Sepond, 4 FhP Mt etsl completely

sub-0.1 [err]m EOl ysilicon
strips the nitride hard mask 26 The selectivity-of nitride to thermal ox1de for the wet- etch

process is approximately greater than 5:1. Hence, some of the oxide layer 40 1s-also removed.
Assuming a 500A nitride etch, about 200A of TEOS or thermal oxide 40 will be removed at the
worst. An additional quick Dilute HF dip is used to ensure that the remaining TEOS layer 40 is

uniform in thickness on the active and field oxide regions 14 . Remaining TEOS oxide layer 40

thickness is preferably ensured to be about 1200 A,

Fig 6 shows a second polysilicon layer 44 with a thickness of about 1000 to,

1200 A is then blanket deposited.

Fig 7 shows the important formation of the "mushroom shaped" gate structure
22 44A. Using an anisotropic RIE (reactive ion etching) step, the second polysilicon layer 44 is
etched down to form a mushroom shaped (e.g;, he'rni;spherical shape) as shown in the ﬁéufe 7.
The extension of the gate top surface area will solve the common difficulty of siliciding gates

with sub-quarter micron footprints (Leg).

Refen;_i_ng to Fig 8, the TEOS layer 40 is then preferably plasma etched down

to the active and field regions -_'14'. Rectangul_a'l.'-'shaped_spaeefs 52 are formed under the 2nd
"~ polysilicon layer (spacers) 44a as illustrated in figure 8. This mﬁehreofﬂ;ehaped-gat‘e.'structuli'e
22 44A has a key advantage of i_ncreasing the gate top surface area (e.g., 46), which can reduce

' tﬁe-.lir_le vﬁdth effe_ct often 'obServed with TiSiz , as well as that Of CoSi2 or even NiSi, especially



rgate 22 provides |l ower resistance shunts path ( 1/ Rs = 1/ (R err] +Rerr])
) relative to the doped poly 22 alone for the current to pass through.
Especially for TiSi2, the high gate resistance conmes into play nore often
since the current is not able to flow continuously in the silicide film
The invention's gate extensions 44a and the additional silicide area 70
reduce the resistance of the gate and give a larger surface area for the
silicide (e.g., TiSi[err]) to form

Exanpl e of a Preferred Enbodi nent - 13- The follow ng .
non-limting exanples represent preferred forns and best nodes

contenpl ated by the inventor for practice of his invention, as well as

illustrati €y 1l t.s _obtained 't hrough its use. .

D13 - "Wr I‘»lH)-O.l u?r? .ul‘hls structure g?seaf %?‘P"g@%gmg‘&“r?&ﬁ jn mat Tlﬁ%AJpI[C&)Erﬂrocess can be

invention is shown in Figs 1 to 11 and described bel ow. The paraneters

listed bel cfaleddawpeven tosubOdusm?1GMQS dovices,pgremelydifficulty to achieve with the aldt s

“are not stated. As shown in Fig 1, *after the field

oxi de i sol archirectide. pn additicry dye torthé beerhamgingadf the gate structure (e.g., extensions 44A) over
the spacers, the parasitic resistance of the gate can be reduced thus resulting in reduction in
device noise. This is especially true when the silicided polysilicon gate are used a local
interconnects.

Referring to Fig 9, the process proceeds with the conventional source /drain

S/D junction formation 54, i.e. N+ and P+ implant and RTP (Rapid Thermal Processing) anneal.

Prior to the salicide metal deposition, an additional ion-amorphization step
can be carried out to enhance the silicide formation, both on the gate 22 44A and active regions.

The ion amorphization step involves ion implantation (I/I) of Si, As, or Ar ions into the gate and

S/D regions at an energy between about 3E14 and 6E 14 atoms/cm’ and at an energy of about 15

Kev.

A SALICIDE process is subsequently carried out. A metal layer 60
preferably with a cap layer (not shown) is formed over the substrate surface and annealed to form
silicide Source/Drain contacts 64 and gate contacts 70. Any silicide can be used, but TiSi;

silicide is preferred in the salicide process.

A preferred SALCIDE process is described next. A pre-Ti clean using dilute
HF (DHF) (a__lbo_ut 100:1), followed by ion-amorphization, and high-temperature metal deposition
i.e. 300/250A TUTIN stack 60 or 110/250A Co/TiN stack 60 or 200/250 A NV/TiN or 200 /250
Ni(metal) /TiN. (note: all single value parameters have preferred limits of +/- 10% if not listed

separately).



: STl (shallow trench isolation) and N-well and P-well (not shown) “have been -
defined, a stack consisting of about 35[err] nitrided gate oxide 18, a
first polysilicon layer 22 (e.g., LPCVD) (first conductive layer) with a

t hickness in a range of between about 1800 and 2200 [err] (tgt =about

2000[ e r]),

and an about 600[err] insulating hard mask 26, (i.e

Siferr]N.err] or boron nitride) is deposited.
Referring to Fig 2, using plasma etch, the %ate stack is defined preferably

with aline width 46 of [err] 0.1 [err]m

ubsequently, a 200A oxide |iner

30°is blanket deposited. A LDD inplant through the oxide layer is then
carried out to form (LDD) lightly doped source and drain regions 34.

Referring to Fig 3, nextor18Si, B Mmitpdi r@?ﬂ@rﬁﬁ?ﬁﬁé? (gmqut?gaﬂﬁél A926%¢ £6380-60

insul ating layer) is blanket deposite

prefe a thickness between

about 5500 and,6 Fi - CVP ‘
(chon cal _RERTR Faigwe By ity etisbask and 2 fnal RTR agheabel §500 8 1orfp o
TECS oxi de | ayer 40 above the gate stack 18 22 26. The 1nsul ating hard
mask 26 on theespef GoPaithe BFPicanditions ase S30°ENpr 2Q sasondped 159°@ forabewt e 30
end- poi nt detection of the CWMP process. Sone dishing is evident on the
oxi de | ayerseethdaver the -active or field oxide 14 w th no underlying

pol ysilicon gate 22.

- 14 -

Ammonia peroxide mixture (1: 1:5) is used for the removal of the TiN cap-
layer during the selective etchback process. An additional HCI:H;0,:H>0 (1:1:5) etch is usually

conducted for CoSi; to remove any unreacted Co.

It should be recogniied that many publicatioﬁs describe the detailé of 'commdn _
techniques used in the fabrication process of integrated circuit components. Those techniques -',' |
can be generally e..mploy;ad in the fabrication of the structure of the present invention. Moreover,
the individual steps of such a process can be performed using commercially available integrated
circuit fabrication machines. As specifically necessary to than understanding of the present

invention, exemplary technical data are set forth based upon current technology. Future.
developments in the art may call for appropriate adjustments as would be obvious to one skilled

in the art.

While the invéntion has been particularly shown and described with reference
to the preferred embodiments thereof, it will be understood by those skilled in the art that various
changes in form and details may be made without departing from the spirit and scope of the

invention.



Referring to Fig 5, preferably using a 2-step etch process to strip the
nitride hard mask 26. First, a plasma etch (that renoves sone oxi de 40 and
nitride 26) using either (a) conventional TCP SF[err]/He (selectivity to
thermal oxide is about 3: 1) or (b) RIE CF[err]/CHF[err]/Ar (selectivity
to thermal "oxide is about 1: 1) is perforned. Second, a Herr]PJerr] wet
etch conpletely strips the nitride hard mask 26. The selectivity of
nitride to thermal oxide for the wet- etch process is approxinmately
greater than 5:1. Hence, sone of the oxide I‘a%r‘ 40 is al so renoved.

Assumi ng a 500[ gr i tride etch, about 200[err] of TEGS or thernal oxi de
40 wi Il | be rem)ve(} at the worst. An additional quick Dilute HF dip is used

to ensurethat | P . er 40 is niformin thickness.on the
active and fi el/%%%&r{ogg@ r%%%as-g%cﬁu£h%% hape aﬁ%ﬁ"%’ﬁ SR8 AP O ckness
is preferably ensured to.be about, 1200 [err]. Fig 6

shows a second polysilicon |ayer 44 wth a thickness of about 1000 to 1200

A is then bl anket depgsi t'sﬂwidingadsemiconduétorsubStrate- Fig 7 shows the inportant
ed" g ¢

formati on of the "nushroom shap ate structure 22 44A. Using an
anisotropic RIE (reactive ion etching) step, the second polysilicon |ayer

44 is etched down topy or mr@@%{i@ﬂ&%@%ﬁﬂ%«%ﬁd&tm shislhre SR aiecs?dckmgﬁeg

as shown in the figure 7. h ension. o e gate top surface area

sol ve the conmon difficul§ay gq{e ﬁdeiiﬂeﬂiar&gnt%agfgq%&{ﬂg%ﬁlﬁgﬁgﬁc{sﬁéd %&ﬂe

footprints (L[err]).

| ayer 40 is then preferagé]%@ d&g{ég ngire&g dsa‘i‘ Eé@nfert rgr%fggﬁiﬁggérﬁﬁ gg‘glﬁa lristel d

regi ons 14. Rectangul ar - ers b2 ar 0

pol ysilicon | ayer (spacer 4 s.Jllustrated in figure 8. This

mushr oom shaped gate stru%%’ﬂ?cgi@e%ge'JMA has a key advantage of increasing
the gate top surface area (e.g., 46), which can reduce

¢)  forming a first insulating layer over said semiconductor substrate and said

gate stack;

d) - removing portions of said ﬂrst_.insulating layer to expose said hard mask;

rd

e) removing said hard mask and etching a first thickness of said first insulating

layer to expose sidewalls of said center gate portion;

f)  forming a second conductive layer over said first insulating layer and said

center gate portion;

g)  etching said second conductive layer to form rounded upper gate extensions
on said sidewalls of said center gate portion; whereby said rounded upper
gate extensions and said center gate portion made up a mushroom shaped

_gate structure;

* ¢ L [} S * :



‘the line width effect often observed with TiSi[err], as well as that O
CoSi[err] or even N Si, especially

- 15 - for sub-0.1 [err]m This structure has a trenmendous advantage in
that Ti-SALIClDE process can be scaled down even to sub-0.1 [err]m CMOS
devices, extrenely difficulty to achieve with the old architecture. In
addition, due to the overhanging of the gate structure (e.g., extensions
44A) over the spaters, the parasitic resistance of the gate can be reduced
thus - resulting in reduction in devicemnbtse. This is especially true.when
the silicided polysilicon gate are used a |local interconnects.

Referring to Fig 9, th)e phidewsyically erhingSaiwiitsh ishlatinolayes DiingRad rovadedapper
/drain S/D junction formation 54, i.e. N+ and P+ inplant and RTP (Rapid

Thermal Processing) annegle extensions as an etch mask to forn Towef reb@ngudl sRiRWAIE Sfh€ers
“nmetal deposition, an additional jon-anorphization step canh be carried out

to enhance the silicide foqlrsggatsi&gaa"p&fsgdQPH%IISL;;}%%WM_Z2 44A and active

regions. The ion anorphization step involv Inmplamtation (I/1) of Si,
As, or Ar ions into the gate and S/ D regions at an energy between about
3E14 and 6E14 atons/cn? and at an energy of about 15 Kev.

A SALI ClI DE process is subsequently carried out. A netal |ayer 60
preferably with a cap | ayer (not shown) is formed over the substrate

surface and anmRghefhod of éiidM which further includes:

forming source/drain regions in said semiconductor substrate;

performing a salicide process to form silicide source/drain contacts and to

form a silicide gate contact.

3, The method of claim 1 which further includes:;

forming source/drain regions in said semiconductor substrate;

performing a salicide process to form silicide source/drain contacts and to
form a silicide gate contact; said salicide process comprises an ion amorphization step before a

silicide formation step.

4, The method of claim 1 which further includes:

forming source/drain regions in said semiconductor substrate;

performing a salicide process to form silicide source/drain contacts and to

form a silicide gate contact; said silicide source/drain contacts and said silicide gate contact are

T



‘silicide Source/Drain contacts 64 and gate contacts 70. Any si'licide can be
used, but TiSi2 silicide is preferred in the salicide process.-

A preferred SALCIDE process is described next. A pre-Ti clean using dilute
HF (DHF) (about 100:1), followed by ion-anorphization, and high-tenperature
met'al deposition i.e. 300/250[err] Ti/TiN stack 60 or 110/ 250A Co/Ti N
stack 60 or 200 250 [err] Ni/TiNor 200 /250 N (nmetal) /TiN (note: al
single value paraneters have preferred linmtggof +/- 10%if not I|sted
separately)

mposed of a maté?ﬁf seldcteld froffthe g&h? b&lsxsﬁ ol ﬁaﬂﬁﬁi@i‘icx&r Smé L Ayl d a

anneal at 720[err ]C for 30-60 seconds y sel ective e

the RT cond i s JReEL Pl S{'%“%%p’ é'getf‘ig’ig‘ﬁi“ﬂa e 558 of oS

to 30 seconds Ammoni a peroxide m xture-(1: 1:5) is
used for &he rm@;odcgfctahﬁluﬂ her“i [ during the sel ective etchback
process. An additional [err err iﬂi err]O (1:1:5) Yetch is usuall y

conducted for CoSi[err] to rermve any unreacted Co.-

forming source/drain regions.in-said semiconductor substrate;

performing a salicide process to form silicide source/drain contacts and to
form a silicide gate contact; said silicide source/drain contacts and said silicide gate contact are

composed of titanium silicide.

6. The method of claim 1 wherein after step (b) and before step (c); an oxide liner is formed over -
said semiconductor substrate and lightly doped source and drain regions are formed in said

semiconductor substrate adjacent to said center portion.

7. The method of claim 1 wherein said hard mask is composed of a material selected from the

group consisting of Silicon nitride, and boron nitride; said hard mask has a thickness in a

range of between about 500 and 700 A.

8. The method of claim 1 wherein said center gate portion having a thickness in a range of

betweeh'about 1800 and 2200' A’ and a width less than about 0.1 um.

9. The method of claim 1 wherein said rounded upper gate extensnons have a hexght in a range of -

between about 800 A and 1000 A and a width in a range of between about 900 and 1100 A;

tow c L ] $ *



It shoul d be recogni zed that many publications describe the details of
common - techniques used in the fabrication process of integrated circuit
conmponents. Those techniques can be generally enployed in the fabrication
of the structure of the present invention. Mreover, ~the individual steps
of such a process can be performed using commercially available integrated
circuit fabrication machines. As specifically necessary to than
under st andi ng ‘of 'the present invention, ex | ary technical data are set
forth based upon current technol ogy. Future“ devel opnents in the art nmay
call for appropriate adjustnents as would be obvious to one skilled in the
art. 10.  The method of claimVihwhezein lsaid ilowee m¢ctangulanspatare have arteigbtinar raggesifown
and described with reference to the preferred enbodi nents thereof, it wll

be- under st 0ochepyednubeet $000 laad 1200A hiad arviidthibefween aboue 6.9 saanges. in form and
details may be made mnthout departlng fromthe spirit and scope of the

I nvention. - 17 -
CLAIMS A nethod for- fabrl cating a “mushr oom shaped gate-structure
conprising-the steps of: . a) provi ding a sem conduct or
substrat e; : :

11. A method for fabricating field effect transistors having a mushroom shaped gate structure

comprisirig the steps of:

a)  providing a semiconductor substrate;

b)  forming a gate stack comprised of a gate oxide layer, a center gate portion
and a hard mask; said center gate portion having sidewalls; said center gate

- portion formed from a first conductive layer;

r

c¢) forming a first insulating layer over said semiconductor substrate and said

gate stack;

d) chemical-mechanical polishing said first insulating layer to expose said hard

" mask;

e) removing said hard mask and etching a first thickness of said first insulating

layer to expose sidewalls of said center gate portion;

f)  forming a second conductive layer over said first insulating layer and said

center gate portion;

g) 'etchiﬁg said second conductive layer to form rounded upper gate extensions

on said sidewalls of said center gate portion; whereby said rounded upper

W |



b) " -formng a gate stack over semi conductor substrate; said gate stack

conpri sed of a gate oxide layer, a center gate portion and

a hard mask; said center gate portion having sidewalls;

said center gate portion fornmed froma first - conductive
~layer; c) formng a first insulating | ayer over said

sem conduct or substrate and said . gate stack; . - . L

d) renovi ng portions of said first insulawing | ayer to expose said hard

mask; e) removi ng said hard mask and etching a first

t hi ckness of said first insulating | ayer to expose

sidewal I s of said center gate portion; f) formng a second

conductive layer over said first insulating |layer and said

center gate portion; . 0) et ching sai d second conductive |ayer

to. form rounded upper gatSateSxtenpignsand said center gate portion forgna Bwshyoam ghapsd pate of

said center gate portion; whereby said rounded upper gate

ext ensi ons and sai d cent eftrugiite; portion made up a nushroem shaped

gate structure; : -
18 - . . . A o g

h) -anisotropically etching said first insulating layer using said rounded upper

gate extensions as an etch mask forming lower rectangular sidewall spaéers

on said sidewalls of said center gate portion; '
i)  forming source/drain regions in said semiconductor substrate; and

j)  performing a salicide process to form silicide source/drain contacts and to

form a silicide gate contact.

’

12.  The method of claim 11 wherein said roundéd upper gate extensions have a height in a range
of between about 800 A and 1000 A and a width in a range of between about 900 and 1100
A

13.  The method of claim 11 wherein said hard mask is composed of a material selected from the
‘group consisting of Silicon nitride, and boron nitride; said hard mask has a thickness in a
range of between about 500 and 700 A; said center gate portion having a thickness in a

raﬁge of between about 1800 and 2200 A and a width less than about 0.1 pm.

14. The r'n'ét'ho_d of claim 11 wherein said lower rectangular spacers have a height in a range of

between aboui 1000 and 1200A£ and a width between about 0.9 and 1.1 pm.

* ¢ L M s o«



H) ani sotropically etching said first insulating |ayer using said rounded

upper gate extensions as an etch mask to form
| ower rectangul ar sidewall spacers on said
sidewal I s of said center gate portion. 2. The nethod of claim1
whi ch further includes: form ng source/drain

regions in said sem conduct or substrate;

performng a salicide process to formsili ci S source/drain contacts and to
forma silicide gate contact. 3. The nethod of claim | which further

i ncl udes: form ng source/drain regions in said
sem conductisr sqhe iettiod of claim 11 wherein said salicide process guniprisesianign amesphizatictestep
process to formsilicide source/drain contacts and to forma silicide
gate contact; saefdreddilicideorinaisadé. conpri ses an ion anorphi zation step
before a silicide formation step. 4. The nethod of claim1 which
further includes: form ng source/drain regions
in said sem conduct or substrate; : + performng a

sal i ci de priéces Themetimdrofslaim ¢i dédeeinvaicsilitide soueidtaircéamtaetsdind silicide gatefconitaeta
silicide gate contact; said silicide source/drain contacts and said
silicide gate CQi‘H@(hipo@éd&)f a material selected from the group consisting of Titanium silicide (TiSiz),

nickel silicide (NiSi), Nickel alloy silicide (Ni (metal) Si) and Cobalt silicide (CoSiz) .
17.  The method of claim 11 wherein said silicide sourcé/drain contacts and said silicide gate

contact are composed of Titanium silicide.

AR R D



;- 19 - 'corrposed of a material selected from.the group consisting of

Titaniumsilicide (TiSi[err]), nickel silicide (NNSi), Nickel alloy
silicide (Ni (netal) Si) ard Cobalt silicide (CoSi[err]). 5. The
nmet hod of claim1 which further includes form ng

source/drain regions in said sem conductor substrate;
performng a salicide process to formsilicide source/drain contacts and to
forma silicide gate contact; said silicide?scource/drain contacts and said

si.licide gate contact are conposed of titanium-silicide. 6. -

The nethod of claim1 wherein after step (b) and before step (c); an oxide
liner is fornmed over said semc ductor substrate and |ightly doped
source and dg %}% Jo Te3s bst{at €
adj acent to sgt::rg)s %Eogﬁ%}glﬁtﬁ C%%EHFSR ‘}RT EON OF %AL&% ?{ﬁ (i)?gl m | Qlliwhsg]r‘ﬂeén o
said hard mask is conposed of, a; rnatte|r|a13 selecteq fromthe

consi sting of Silicon rﬁf“refl'{?g to f5m &) JPushrom shaged g?%ﬁ%“‘ﬁ%‘l"?ﬂ%ﬂ“‘%ggt@t

thickness in a ange of bet-ween about . 500 and 700 A.
increases the top gate silicide contact area and improves the salicide process, espemally TlSlz

sahclde. The novel upper gate extensions 44A increase the top gate surface area so that the
silicide gate contacts 70 will have a low resistivity. The invention includes forming a gate St_ack
18 22 26 comprised of a gate oxide layer 18, a center gate portion 22 and a hard .mask 26. Next,
we form a first insulat‘mg layer 40 over the gate stack 22 26 18. The hard mask 26 and a first
thickness of the first insulating layer 40 are rgmoved t_é exf)ose sidewalls of the center gate
portion 22. A second conductive layer 44 is f(.)'rmedl over t}.le‘ﬁl_‘st insulating layer 46 and the
_center gate portion 22. The second cénducﬁv'e layer 44 is etched to fénn critical _;Ounded upper
gate extensions 44A on the sidewalls of the center gate portion 22. Lower ;ectéhgﬁlaf _sjidewall- '
spacers 52 are formed on the sidewalls of the center gate portion 22.. ‘S(')ufce/drair-l-.regidns 54

are formed. A salicide process forms silicide source/drain contacts 64 and forms extra large

silicided gate contacts 70 to reduce parasitic resistance.

(FIGURE 1 IS SUGGESTED FOR PUBLICATION)



8: The met hod of claim 1l wherein said center gate portion having a

t hi ckness in a range of bet ween about 1800 and 2200 [err] and a
width | ess than about 0.1 [err]m 9. The nethod of claiml wherein
sai d rounded upper gate extensions have a height in a range of

bet ween about 800 [err] and 1000 [err] and a width in a range of between
about 900 and 1100 A

- 20 - 10. The nmethod of claim1 whereyé said | ower rectangul ar spacers
have a height in a range of bet ween about 1000 and 1200[err]; and a
wi dt h between about 0.9 and 1.1 [err]m 11. A net hod for
fabricating field effect transistors having a nushroom shaped gate
structure conpz&flng t he steps of : a)

provi ding a sem conduc b) formng a

gate stack conprised oR L gate portion
and a hard nask; said 0 . FOeV :Ils; sai d center

gate 14
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. c)- forming a first insulating |layer over said seniconductor substrate and -

* said gat e stack; : - d)
chem cal - mechani cal polishing said first insulating |ayer to expose said
har d mask; ' e) renovi.ng said

hard mask and etching a first thickness of said first insulating '

| ayer to expose sidewalls of said center gate portion;

f) form ng a second conductive | ayer over,said first insulating | ayer and
sai d center gate %G?tion; . )|
etching said second conductive layer to formrounded upper gate extensions
on said sidewal | s of said center gate portion; whereby said rounded upper

- 21 - gate extensions and said center gate
portion forma nmushroom shaped gate Etch structure;

h) ani sotropically etchi-ng saip¢fin§t upsuuati$g | ayer using said rounded

upper 22\
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gate extensions as an etch mask.form ng |ower rectangul ar sidewall spacers
on said sidewalls of said center gate portion; i)
formi ng source/drain regions in said sen conductor substrate; and

i) perform ng a salicide process to formsilicide source/drain contacts

and to forma silicide gate contact. 12.  The
nmet hod of claim 11 wherein said rounded upper gate extensions have a hei ght
in a range of between about 800 [err] and 1000 [err] and a width in
a range of between about 900 and 1100 3/4p 13. The met hod of

claim 11 wherein said hard mask is conposed of a material selected fromthe
group consisting of Silicon nitride, and boron nitride; said hard mask has

a thickness in a ~range- of between about 500 and 700 A; said center
gate portion having a thickness in a range of betmeen about 1800
and 2200 A and a width | ess thanjakho ernr| The net hod of
claim 1l wherein said | owner recti g ra¢\gaa inive a helght in a range of

bet ween about 1000 and 1200[err] .and a Wbﬂéh betmeen about 0.9 and 1.1
[err]m 44A
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222- 15, The nethod of claim 11 wherein said salicide process conprises

an i on anorphi zation step before a silicide formation step. 16.
The met hod of claim 11 wherein said silicide source/drain contacts and
silicide gate contact are conposed of a material selected fromthe
group consisting of Titaniumsilicide (TiSi[err]), ni ckel silicide
(NiSi), Nckel alloy silicide (Ni (nmetal) Si) and Cobalt silicide
(CoSif[err]). 17. The nmethod of cl ai mg¥d wherein said silicide
source/drain contacts .and said silicide gate contact are conposed

of Titaniumsilicide.
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