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TRAﬁSISTORS WITH LOW OVERLAP CAPACITANCE
FIELD.OFlTHE INVENTION

_. This iﬁﬁention relates to the fabrication of integrated
cifcuit devices and more particularly to a method fdf'reducing the
gate to'drﬁin and'sate to source overlap cqé&citanbe of deép.suh—-
ﬁicrop_CMDS devices, as an improved means of réducing device

'switching times. .

BACKGROUND OF THE INVENTION AND PRIOR ART

As the demand has increased for_semiconductar chips that offer
riore functions per chi§ and shorter times for pérfonming'those
functiqﬁs,_samicgnductof device dimensions have been puéhed deeper .
and deeper into the suh—miéron,regime..Smallér-deviées readily
‘translate into more availéhlé'area for packing more functional
circuitry onto a single chip. Smaliér devices are aIso.iiherently
advantageous in terms of shortef'switching'times, as will now be
discussed. Using CMOS FET téchhoiogy as a typical éxample. smallef
. dev1ce d1mens1ons have resulted in shorter sw1tch1ng times for a
"number of reasons. In order for a dev1ce to switch a given node on a

chip from one losic level to another, the effective load capacitance.
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Cl.'fresented to_that device must be charged or discharged through
sdme'éffectivé resistance. R,. comprised of dévicé channel resistance |
and-device.intercqnneCt reSistance. Consequently, from basic circuit
theory, it follows that switching times will tenﬁ to décrease as the
values of hoth R, and C, are reduced. Hiétorically, _'increasingly
smaller.dévice'dimensions havé:helped_to reduce R,. By means of
shorter device channel 1en§ths as‘well_as'the increaSgd freedom for .

using shorter interconnéct lines between devices. Shorter

‘interconnect lines and their lower, associated, cross sectional area

 have also helped-to reduce C;. More over, further reductions in C,

have also reéulted_fram the-smaller PN junction capécitance and
parasitic deviceucapaciténce values that are inherently availahle
from smaller devices. Accordingly, as a reéult-of'continued

reduétions in device geometry, from one device generation to the

'next. great strides have been made in the‘speed performance of

today’s chips. However, as device dimensions have progressed deeper

and deeper into the sub micron regime, the technological_aﬁd

-manufacturing chailenges for continuing such scaling efforts at

acceptéhle rates have sharply'increaéed. This has,.in‘turn, prompted
a.nﬁmher of innqvétiveltethniques for squeezing additional speed out
of each succeeding generatidn of CMOS téchnolpgy. Siﬁce'the 1970°s
the résolﬁfion'limits of opticél_lith¢§raphy have been reduced from
ahbout 1.5‘microns down fc-ahout 0.2 microns and lower. Advancements,
such as shqrter exposufe wavelengths, variable numerical aperture
exposure ieﬁsés and phase shiff maské, have contributed immenéely fo:
the progress that has occurred. Likewise, anti-refléctive coétings
have alsc increasingly héen'incdrporﬁtéd inta semicdnductor process 
sequences, as a mé&né_@f:furfher enhancing cfiticalidimgnéioﬁ (CD)

control during sub-micron phptolithosraphy steps.,Iﬁ addition, other
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"techqiqueé have been -developed for pﬁshing device spéeds beyvond what

would, otherwise, be obtained by simply scaling device sizes down to

the latest CD limits of each succeeding géneration of'optical

lithography.

U.S. Patent 5,434,093 to Chau, et. al., téaches a mefhod_for'
using an inverted sfacer'strucﬁﬁré as a means of fabricating FET
devices with channél lénéths.that'are shorter than the minimum
cr1t1ca1 dlmen51on, CD, that can be obtained from a glven

photollthosraphy image. The gate reglon of the device is flrst

'photollthographlcally def1ned as a trench in an oxide layer A second

overlying layer of conformal ox1de is then deposited and subsequently

anlstrop1ca11y etched back, wherehy the thlcker portlon of the

. conformal layer along the side walls of the_aforementloned ‘trench is

~allowed to remain as an inverted-spacer structure.'The inverted.

spacef structure effectively extends the side walls of the
aforementioned trench inward to a new reduced size that is
considerﬁhly less thén thaf'of'the oriéinal trench. Thé reduced
trench is than used to define a poly8111con gate that is con31derab1y
smaller than the or131na1 trench The p01y5111con gate is formed by
first dep051t1ng_an-over1y1ng layer of polys;llcon_and then using a

Chemical Mechanical PinShing. CMP. step to remove. the polysilicon

from the top surface of the oxide surrounding the aforementioned

trench. The end result is an FET Qate with an associated channel

length thdt is smaller than the minimum cfitical dimenéion. CD., of

‘the photolithography technoiogy that was emblbyed.

U.S. Patent 5.773,348 to Wu, teaches a method, somewhat similar to

that of Chaﬁ.;ét; al.. for forming FET devices with gate lengths that
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are below the minimm critical dimension, CD, that is—msarvabfe—hr
any g1ven generatlon of photollthography equlpment An inverted
spacer structure is used, along with additional features such as a
punch through stopping ion 1mp1ant layer ‘and an amorphous silicon

layer, for-the FET gate electrode, wh1ch.1s_then.converted to

polysilicon by subsequent high temperature-annealins}

_ U.S. Patent 5,786,256 to Gardner, et. al.,.also teaches a method,
somewhat éiﬁii&r to that of Chau, et. al.., for forming FET devices
-_with gate lengths that are below the minimum critical dimemnsion, CD,

that is Tesolvable. by any.ﬁiven-geherétioh-of phqtolithﬁgraphy

equipment. An invertéd sﬁacér,structure is also used to form the gate
electrode. In addition; a second set of Spacers is used as part of
the process seqﬁenée for the Lightly Doped brain, LDD; engineering of
the FET device. After defining the polysiiicoq'sate, thellateral_-
width of the first set of'spacers-ié subsequently_reduged,hy usiﬁg_
the slightly protruding'periphéry of the poiysilicon gate as an

. anisotropic etch mask. The réduced.width of the first set“of spacers
' facilit&tes the ability of an LDD ion implant to slightly extend
undér the gaté..A second set of spacers are thén ;oﬁventionaily
forméd_on the side wﬁl}s of.thg first set of spacers. prior to

source-drain ion implantation.

The above ﬁrior art Was mdinly focused on'ways:to reduce FET
device switching times, by means of obtaining shorter channel lengths-
than would, otherw1se, not be p0591hle from a slven generation of '
photollthography equlpment Howevar, as prev1ously discussed, there
are cother factors, such as parasitic dev1ce.;apac1tance. that can

impact device switching times. One relevant component of parasitic
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dev1ce capac1tance that has already been addressed in tﬁe prior art,

is gate to dra1n overlap capacitance, Cgb, whlch is also referred to '

-as Mlller Capac1tance, G- Couo can he-partlcularly's1gn1f1cant. since

its value can bé_effectivgly doubled for the frequent case_of an. FET

deuice being opéruted in an inverter circuit. Fig. '1 shows a CMOS

inverter circuit, along w1th a C,h para51t1c capac1tor. The 1nput

gate voltage wavaform is shown as a rapldly rising ramp from zero
volts to +Vy. The output voltage waveform is shown as a carrespondlng
rapldly falllng ramp fram +Vy to zero vnlts ‘Accordingly, from '

Gauss’s Law, the initial stored ‘charge on C,, is equal to +C, V4 and

~the final stored charge on. C,, is equal to ~Co V. Therefors the

effective electrical gate input capacitance to the inverfer circuit

_ can he calculated from d1v1d1n9 the change in charge on C,. Zcﬁgﬂﬂ.

. by the change in the 1nput voltage, V. whlch ylelds a value of 2C,. -

Therefore, the effective Coto component of loading capacltance, .

locking into the inverter stage will actually be doubled The ahove

_electrlcal effects of G*p. also referred to Miller Capac1tance, are

well known and are described in J.Y. Chen, CMOS Devices and
Technology for VLSI, pp. 100-101 (Erentice-Hallﬂ1990),-which'is

inéorporated'herein by referencé} o

Gate to drain overlap capécitance,.d,h;ialgng with the above
electridal doubling effect.of C;b; can have a significant impacf.on
device switching speed Accordingiy. this has‘prﬁmyted a series of

innovations for m1n1m121ng ‘the relative 1mpact of C,h, on swltchlng

;tlmes, as FET dev1ce technology has continued to evolve. Such-

1nnovat10ns 1nc1ude the ta1lor1ng of source—draln ion implant anglas
and_gate spacers, in order to ohtaln su££1c1ent gate overlap of

source-drains for maintaining low channel resistance, while still



minimizing the associated Cu, value:. In addition,:efforts have also
- been mede to mihimize-cgb, by means of a Graded Gate Oxide, GGO,

. process, wﬁich 1ocally'increases the gate oxide ‘thickness in the..
region of gate to drain.overiap. Graded Gate Oxide, GGO, proCessing
has Been accomplished, for exaﬁple, by using a wet ambient at.about

850C, in order to 1ncrease a 70a° gate oxide to ahout 2508°, at the

edge of the gate. Ihe ahove process improvements for reduclng gate to.
drain overlap capacltance are described in S. Wblf Silicon '
._Proce591ng for the VLSI Era, Vol 3, pp. 630-635 (Latt1ce Press _

1995], whzch is 1ncorporated ‘herein by reference.

Whlle various 1mp1ementat10ns of the above Graded Gate Oxide, GGO,
process can help to reduce gate to.drain overlap capac1tance, G660
does have its own set of prohlems. For example, interface states
generated by the reoxidation step can lead in_increased hot eieotron
related instability'-Further'more; the GGO process has been found to
be dlfflcult to control, part1cular1y for deep sub micron devices.
'Consequently, there is a need for an alternatlve to the method for
Graded Gate Oxide, GGO, process1ng, that 1s_more compatlhle with
device and manufacturing.needs associated with the fabrication of
state of the art deep sub micron devices. The present invention
solves this need hy providing a-graded gate oxidellayer that is
largely graded in terms of its dielectric constant as opposed to its
thickness. Accordlngly, an 1nnovat1ve method for formlng locallzed
regions of low dlelectrlc constant, K, oxlde in gate to drain overlao

' regions will now be described.



' SUMMARY OF THE INVENTION

A principle objett of the présent”inventiqn is to provide an
effective and manufacturable method'forjreducing the gate to drain
overlap capacitance, Cg,. afIMUS'transistors, over a semiconductor

substrate.

Another'ohjéct of the present invention is to provide a method for
fabricating gdﬁe”oxide layers., with a graded dielectric constant, as
an improved means of minimizing gate to drain and gate to source

' cverlap capacitance.

A further object of the invention is to provide a methbd for
reducing gate to drain overlap capac1tance, that is hlghly campatlhle'
with the dev1ce and manufactur1ng needs of state of the art CMOS

technologles.

A still further and primary object of the present invention is to
provide a:method for locally formins a low dielectric constaht..K, '
-gate oxide for the purpose of lowering’ gate to draln overlap
capac1tance w1thout hav1ng to resort to an und991rable Graded Gate.
0x1de, GGOo, approach that would_tend to cause reliability and process

" ‘control problems, particularly for deep sub-micron devices.

' These objects are achieved by a fahfication_methodvthat results'in :
a CMOS FET device that has a gate oxide with a graded dielectric |
constant, K,pcompfisins the steps.of: (d].formihg.an_dxide layer‘cver
a‘ semiconductor substrate: (hj defining and'etching out the.gate

region for thg device: (c) depositing or growing a low K gate oxide:
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in the gate reg10n. {d) de9091t10n and suhsequent anisotropic etch
hack of an overlylng 5111con n1tr1de layer for the purpose of
creating nltrlda.spacers qt the side walls of the gate region: (e)
removal of the aforementioned low K gate oxide, except for.thdse
portions of the gate oxide that are masked by the nitride spacers:
(f) subsequent formation of a thermal gate oxide in'the gate region.
except fof those regions'that remain prptécted hy'the'nitride
spacers: (g) depositioh of an overlying polysilicon 1éyer followed by
Chemical Mbchéﬁical'Polishing, CME; for completing the formation of
the.gate structure of the dévice; and'(h)_suhseéuent conventional
formation of LDD and highly doped soufcg4dfain_regi§né. £oilowed by

completion of conventional back end of the line processing.

~ This invention éddresses the need for an altarnative.ﬁethad to the
.Graded Gate.bxide, GGO,.process; for the.purpbse-of-minimizing gate
to drﬁin.and sate'tp_source overlap capééitance. This invention
addresses problems. such as;,(l) The.need for'aﬁnidihg intérface

- states, in the'viéinity of drain_depletiqn.reéioqs,'thatﬂcaﬁ lead to .
reliaﬁility prdbleﬁs during hot electron'stressing,-aﬁd (2) The need
for a graded'gate oxide structure that_is.moré'ccmpatihlé with device
and manufgcturing négds associated with the fahricaﬁion of deep sub
micron devices. The present iﬁvention solves these problems by
providing a graded gate oxide layer that is largely graded in terms
of its d1e1ectr1c constant, as opposed to 1ts thickness. Accordlngly.
an innovative method, cons1st1ng_o£ fomnuns locallzed regions of_low
dielectfic constant, K, oxide_in1gate_t6.drain overlap regions. for

:-the-purpose of reducing overlap capacitance, has been achieved.
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BRIEF DESCRIPTION OF THE DRAWINGS'

In the accompanying drawings for a material part of this

description. there is shown:

Fig. 1 shows a simplified electrical schematic of a CMOS
inverter circnit,'fﬁrfthe purpose of background discussions,
regardin9 the effective electrical behavior of gate to drain

-overlap capacitance.

Figs. 2. 3a, 3b, 4a. 4b. 5. 6 and 7 schematically illustrate in
cross-sectionallrepieSentation the preferred emhodiments of the

: procéss of the presenf invention.

DESCRIFTION OF THE PREFERRED m-_mlonxlmrs

It is noted that the fo11owihg preferred embodiments and
associated figures are intendéd to be presented in a way that can be
generally gpplied to the fahfiéation of N channel and/or P channel

devices that could be used in eithér a CMOS or an NMOS, etc.,

technology, where reductions in gate to drain capacitaice and/or gate

to source capacitance are désired.'waever; for the purposes of
- discussion, fhe_following preferred‘emﬁodiments'will be presented in
terms of an N channel device. Referring ncw'mgre particularly to Fig.

2, there is shown a portion of a partially completed integrated
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'”clrcu1t There is shown a semiconductor substrate 2 intended to

. represent a conventlonal 1on 1mp1anted N well or P well region, in

whlch an eventual.deep subﬁm1cron FET device will be formed.  Alsc
shown is an overlying layer of oxide 4, which has been
photollthograph1ca11y'patterned and etched out in order to form an

eventual gate region 8§ for Sﬁld FET device.

~ Continuing to refer to Fig. 2, ‘there is also shown a thin, low K

gate oxide layer 6. Said low K gate oxide layer 6 may have a typical

._th1ckness in the range hetween 20 and 200 angstroms and may. be formed
by means of a CVD method s1m11ar to those ‘used in a hackend low K

'dlelectric process or spin on method.

Said low K gate oxide layer 6 may also be formed by ﬁeans of a
thermal oxide layer which is then iﬁplanted with fluorine, F, for the
pnrpose of_the reducing the dielectric eonstant of the thermal oxide.
Said thermal gate oxide may have a typicai thickness in'the range of -
ahout 20 to 200 angstroms and is usually grown hy'means of

conventlonal oxidation. Typical dose values for said fluorine 1mp1ant

_ are in the range of aheut 1E15 to 1E17 at/cu?. The energy levels used

for said-fluorine implants-are in the typical. range of about 20 to 80
ReV. Said fluorlne 1mp1ants are usually annealed hy a suhsequent

thermal or Rap1d Thermal Anneal, RTA, process

- The typ1ca1 dielectric constant K. values that have heen achleved

with the aforementloned low K depos1t10n process are in the range of

“about 2 to 3. 5 . The typlcal d1e1ectr1c constant K. values that have

heen ach1eved with the aforementloned fluorlne 1mp1antatlon into

thermal oxide process are in the range of about 2.5 to 3.5.°
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~ Referring now more particularly to Fig. 3a, there is shown a
-éuhsequgnt overlying conformal layer of silicon nitride 10 that is
' deposited for the purboée of eventually fﬁfming inverted'spacers
aldng.the side walls of gate'region B.in said_dxide ;ayer 4., The -
thickness of said ni;ride layerzlﬂ is t&picailyfin the rﬁnge between
200 to'ZDDD angstroms and is usuallﬁ grown By'meanS'of conventional

LPCVD.

'Referrins nOW more particularlﬁ to Fig..4a,'theré is shown the
 resu1té of having anisotropically etched séid.nitride 1&yaf'1ﬂ such
that it is totally removéd fram the-tﬁp'surface of said-okide layer 4
as well as being. removed from a substant1a1 portlon cf sald low K |
g gate oxide layer 6. It is noted that since said conformal nitride
 layer 10 is 1nherent1y thlcker over the steps of_sald etched out gaté
region 8, it is not completely removed from the éide wails of said
gate-region_8..QOnsequant1y, the remaining ﬁitriﬁe 6n thé side walls -
of said-étched out 9éte reéion 8 reéults in invérted'nifridé spacers
12. It is noted that the ‘end p01nt of "said. an1sotrop1c plasma etch1n9
of said n1tr1de layer 10 is designed to guarantee the complete
~ removal of that portion of -said n1tr1de layer 10 whlch resides on the
surface of exposed gate oxide region 14, whlch is not protected by
'said nitride spacers 12. It is also noted that care is taken to avid
complete removal of said exposed the oxide layer 14, during said _
anisotrdpic plasma efching;-in order to avoid damasing-the underlying
silicon. The suhsequent camplete removal of sald exposed gate oxide

layer 14 is ach1eved hy a wat etch proc9591n9 step.
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It is further noted that the portion bf gaté.oxide layér_ﬁ. which‘
is under’éaid nitridé'spacérs 12, and identified as Iocalized low K
oxide regions'is, will not be etched during said anisotropic étchiﬁg,
ConSequentiy,'localized iow K:gate oxide-regions-la will remain under
said nitride spacers 12. The creation of said localized low K gate
oxide regions 16 under said nitride spacers_lzlis thé_key'to this
invention. Said 1oca112ed low K gate-qxide'regions Wiil eventually
result in redﬁced a&eriap capacitance between a subsequently formed
| gate electrode and suhsequeﬁtly formed source—dfain_regions. Since
said low K gate oxide regions ‘16 are'érqtécted_by said nit:ide
spacers 12, they will he-ahle to remain in place during'the ev@ntual
complete removal of unprotected gate oxidé region'14; Said localized
:law'K gate oxide_résions 16 will also hé.well prntécted during the
‘eventual growth of a conventional thermal gate oxide, injunprﬁtected
gate region 14, prior to the formation of said subsequent gate

"electrode and said'subsequent source-drain regions.

Although it is_uSually;desifahle to only allow that portion of low
K dielectric to remain, which is protected by said nitride spacers
12, théfe ma?-be_situatipns where it is also desirable to allow said
low K dielectric to'laterally extend to greater distances. For such
cases..anialternate preferred émhddimsnt may be used, whersby the
.aforementioned.steﬁs, illustrﬁted in Figures 3a and 4a. aré'replaced

by the following steps. illustrated in Figures 35“&hd.4h.

Referring now more ﬁartiqulariy to Fi§,'3h, as an alternative
preferred embodiment to .the aforementioned structure of Fig. 3a. .

there is shown a'éuhsequent overlying conformal layer of éilicon
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'nitfida 10 and a further overlying layer of:polysilicon,ll that afe
deposited Eor.thé[purpose_ofleventually.foﬁﬁing double, inverted -
 spacers élong the side walls'of said'sate-region 8 in said coxide
layer 4.  The thickness of said nitridejlayer-lo is typically in the
_range_bétween Zﬁﬂ-tolZUUﬁ-angstroms and is usuélly grown by méans of
conventioﬁal LPCVD. . The thiCﬁnesélof saiﬂ pﬁlysilicon layer 11 is
adjusted, accufdigg to the desired increased degree for laterally

eitending'said low K diéléctri¢ into the channel regibh.'

| Referring now more-particularly to Fig. 4b, és an alternative

- preférred embodiment to the aforementioned structure of Fig; 4a,
tﬁere is shown the results ﬁf having aniéotropically stchad said
nitride layer 18 and said polysilicon iaygr'll'such that théy are
totally removed from thé top surface of said ﬁxide_layer 4 as well as
from a suhstantial portioﬁ of s&id low K gate.oxide layér 6. It is H
noted that since said conformal nitride lﬁyer IO_énd polysilicon '

~ layer 11 are inhersntly fhicker over the:stépslof said étched out
gate region-a,_they are ndt'ccmpletely reﬂuved-fromltﬁe sidé.w§l1s of

said gate region 8. Consequently. the remaining'nitride and

'polysilicon 6n the éidg_walls of said etched out gdte region 8 resuit“

in inverted_nitride_spaﬁer 12 and inverted polysilicon spacer 13. It
is nofed that the end pdint df Said anisofrofic plasma etching is
'“designed to guarantee the cumpiete removal of those portions of.said
nitri&é layer 10 aﬂd_polysilicon i§yer 11 which reside on the surface
of.exPosed gate oxide region 14, which is not protected by said
“double nitride/polysilicon2spa¢ers'12 ahd.ia..It is also noted that

care is takén_to avoid compléte removal of said exposed gate oxide

layer 14, during said anisotropic ﬁlasma etdhing. in order to avoid

damaging the undérlying'siliboh; The subsequent complete removal of



14 -

said exposed gate'bxide layer 14 is achieved hy-d wet etch processing
step. - As prev1ously noted, said protected locallzed gate oxide reg1on

16, which is under sa1d douhle n1tr1de/poly9111con spacers 12 and 13,
will not be etched dur1ng'sa1d anlsotroplc etchlns, Consequently,
localized lale gate éxide.regions 16 will remain undér said
nitride/polysiii¢on spacers apd 13. As in the case 6£ the preferred
embodiments, illustrated in Figures 3a and'{a,.thé creation of.said
localized 1ow K éate okidé regions 16 under said nitride/polysilicon_

spacers 13 is the key to this invention. Said localized low K ygate
| oxide reg1ons w111 eventually result in reduced overlap capac1tance
between a suhsequently formed gate electrode and suhsequently formed
source-drain regions. Slnce sald low K sate oxide regions 16 are
protected hy-sa1d‘n;tr1de/po1y9111con spacers 12 and 13, they will
be'ahie to remain iﬁ place during the eVentual complete removal of
unprotected gate oxide region 16; Said localized low K gate oxide
regions 16 willlaiso be well.ﬁrotected dﬁring the eventual growth of
a conventional thermhl gate_oxide,-in unﬁrﬁteCtéd éate'region 14,
© prior to the formation of said suhsequehf gate.élsdtrsﬂe*and.said'

subseguent source-drain regions.

With feéarﬂ to the aﬁove aiternafe preferred embodiments,
“illustrated in Flgures 3h and 4b, it is note that by suitable
adJustment of the thlckness values and assoc1ated etchlng condltlons
- for said n1tr1de/polys111con spacers, one may more eas1ly decide on
| how much of the low K d1e1ectr1c w111 remaln in gate reglon 8. prior
to said eventual grawth of a convent1cnal thermal gate-oxldg. It is

further noted thaf after said eventual growth of thermal oxide, said
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poly5111con portlon ‘of said n1tr1de/poly5111con ‘spacers is

) subsequently removed hy means of a select1ve plasma etching step.

For the sake of discussion, the description of the preferred
emhodimenté.will now continue ffam the prefefred embodiﬁents_of.

Fiyures 1,2,3a and 4a. waever.'it_is assuméd that the following

description of the preferred.emhodiments could also be continued from - -

the altérnate ﬁfeferred embodiments of Figures 1,2, 3b and 4b. hy'

those skilled in the art.

Referr1n9 now more part1cu1ar1y to Fig. 5 ‘a cunvent1ona1 themmﬁl
'gate oxide 18 is grown in said axposed gate raglon 14, of Fig. 4a
~ which is not protected by said nitride spacers 12. The thlckness of
said thermal gate oxide is typlcally in a range between about 20. and '
100 angstrums and is usually grown by means of the:mal oxidation,
Cont1nu1n5 to refer to Flg 5. an uverlylng layer of polys111con 20
l1s suhsequently dep031ted, in order to eventually form a- gate
electrode. The thickness of sa1d polysilicon laye: 20 is typically in
the range of 1000 to 4000 angstroms and is ﬁsually.grown.by means of

LPCVD.

Referring now more partlcularly to Flg 6, a chemical mechanlcal

| pol1sh1ng, CMP, step is used to remave that portion of sald

' polys111con layer 20 whlqh was situated on the surface,of said oxide
layer 4. ihé remainiﬁg polysilicon.in s&idlgéte region 8 has now been

formed into polysilicon gate electrode 22.
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Referrins now more particularly to Fig. 7. there is shown tﬁe’

. result of subsegquent conventional process1ng for-the complet1pn of
-said.Hjchannel deﬁice, of the structure éf-Fig. 6; There is shown the
'.resuit having formed conventiona} squrce-drain contact resipns'24 for
the N channel device as welllaé the result of having formed
conveﬁtional LDD regions 26, along With.conventionai N* source-drain

regions 28.

~ The ohjec£s o£ the invention have now been accomplished. An-

| impru§ad alternative to the Gfaded Gate Oxide, GGO, process. for the '
purpose of minimizing gate to.drain aﬁd gété to soufce ﬁveriap

| capacitance, has heéﬁ éreéentedz-Thé.aforementioned problems
assoclated with the GGO process have been avo;ded by the present
invention, which prov1des a graded gate ox1de layer that is largely

' graded in terms of its dielectric constant .as opposad to its
.thlckness. Accordingly., an innovative method, consisting of - forﬁing
said ipcalized regions 16 of low dielectric constant, K. o#ide in
géte to drain overlap regions, for the purposg of reducing averlap

capacitance, has been achieved.

Whlle the 1nvent1on has been part1cu1ariy shown and descrihed with
reference to the preferred emhodlments thereof, it will be understood
by those skilled in the art that various chanses in ‘form and details
may be made without departing from the spirit and”SCope of the

invention.



: A 17 m
Cimae iscraimed is: | (IO NREE O R
’ . . ’ .. * C L ] H *

1. A method for form1ng locallzed regions of low dlelectrlc

constant. K oxide in gate to dra1n overlap regions, for the

purpose of reduc1ng overlap capacitance, comprising the steps of :

(a)
)

(c})

(d)

(e)

(£)

foxming'é £irst oxide layer over a semiconductor

substrate;

patterning and etdhing out said first oxide layer

“in 6rder to define an eventual gate region;

'_debositing or grhwing a thin low dielectric constant,

K, gate o#ide on the silicon surface; corresponding

“to said'eventual gate region:

forming one or more inverted spacers on the side

walls of said_etthed_out gate region within said

first oxide layer:

remov1ns that portion of sa1d low K gate oxlde, wh1ch
is not protacted hy said spacers. tharehy expos1ng
the underlylng 3111con surface mhlle ‘still allowlng
localized reglons of said 1ow K gate oxide to remain

under said spacers.

growing a conventional thermﬁl'gate'oxide on said

~ exposed silicon surface, in order to completé the
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dielectric constant; and

- {g) subséquent'formation of a conventional'polySilicon
o gate strﬁcture;-along with the formation of
~ 'conventional source-drain contacts as well as’
implanted LDD reQi#ns and'iﬁplanted N+ source-drain

regions..

The method of c1a1m 1 wherein sald 1nverted spacers may be
comprised of insulators, p01y3111con. or a double

insulator/polysilicon qucer_camhination..thereof.

‘The method of claim 1 wherein the thickness_uf said low K

gate oxide layer is'hetweeq about 20 fo 200 angstroms.

' The method of clalm 1 whereln said low K gata ox1de may be

formed by means of depos1t1ng a low K d1e1ectr1c layer or

by the implantation of fluorine 1nto a themmal_gate oxide layer.

* The method of claim 1 wherein said insulating-spécers may. be

comprised of materials selected from the group consisting of

- silicon nitride or silicon oxynitride.
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6. The method of claim 1 wherein the thickness of said thermallgéte

oxide iayer is hetw@en about 20 and 1ﬁb'angstrums.

7. A fabrication method for forming a deep sub-micron CMOS FET
device with ldcaliigd regions of low dielectric éonstént, K,
oxide in gate to dfaiﬁ and gate to source .overlap regions, for

- the purpose of_réducing_a?erlap caﬁécitance, comprising the |

steps,bf:v

{a) depositing a first oxide layer over a semiconductor

substrate;

(b) 'pétterning and etching out said £irst'oxide_layer

. in order to define an eventual gate region:

(c¢) depositing or grbwing a thin low dieledtric constant,
K, gate oxide on the silicon surface, éorresponding

to said eventual gate region: -

(d) depositing an d§er1ying silicon ﬁitridé layer aﬁd
-subseQueﬁtly anisotropiéall& etching back said
nitride.layer to form nitride spacers on the side
walls of said gate region within said first oxide

layer;

(e). etching out that portion of said low K gate oxide,
. which is not protected by said nitride_spacers.

thereby exposiﬁg fhe underlying silicon surface
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while still allOwing-lqcaliZed-regions'of said low K

gate oxide to remain under said nitride spacers;

ff) 9ruwihs a conventional thermal gate oxide on said
. exposed silicon surface, in ordér to complete the
. creation of a gﬁte oxide layer with a graded

dielectric constant:

(g);  depbsiting an'ovérlying layer of polysilicon and
then using a chemical mechanical.polishing, CMP,
‘process to polish back said polysilitb# 1ayér

.for the purpose of forming gate electrodes.

(h) suhéequent formntion of conventional soﬁrce—drain
contacts, along with implﬁnfed3N type LDD regions ana
implanted N* source-drain regions as well as '
the doping and silicidation of said polysiiicon gate

" electrodes.

8. lThe method of claim 7 where said nitride spacers may
' alternatively be a double sﬁacer‘stfucture-compriSed aof an
iﬂﬁerted silicon nitride spacer and a Jjuxtaposed inverted

polysilicon épacer.

9. . The iethod of claim 7 wherein the thickness of said first
insulating oxide layer is hetneen.ahout,IDDU.tb_4000

angstroms.
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The. method of claim 7 wherein said flrst oxide layer-}s.iormed

hy means of CVD or thermal processing .

' The method of claim 7 wherein the thickness of said low

K gate oxide layer is in a range of ahout_ 20 to 200 angstroms.

'I'he method of c1a1m 7 where1n the deposunon of said low
K gate oxlde layer is perfomad hy means of CVD, thermal or

.' spin on processing.

The method of claim 7 whe;'ein -a process for forming a low
K gate oxide is by means of: {a) A CVD method similar to -

Those used in backend low K dielectric processes, (b) Or'

_a spin-on method or (c) even a normal oxide .gmwth' followed

' by ion implantation of fluorine.

The method af c1a1m 7 wherein the process f‘or forming

s sald nitride spacers cons:.sts of:

(a) depositing a.CVD 'layer___of silicon nitride; and-

(b) using an anisotropic plasma etch for etching

back said nitride layer.
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o 15. '_Th'e method of claim 8 whersin the process” for- forming-

said alternative double nitride/polysilicon spacers consists

of :
(a) depositing a CVD layer of silicon nitride:
(b) depositing an overlying layer of polysilicon;

(c) using.an anisotropic plasma etch for etching

- back said nitride and polysilicon layers.

16. The method of dldim 14 wheréin the thicknéss of said nitride

“layer is in the range of about 200 to -ZDIJOIangstroms.

17. The method of claim 14 wherein the CVD plasma etching is used

for'etchihg back said nitride layer.

18.  The method of claim 14 wherein the etch stopping method for
anisotropically etching. back said nitride layer is based on
the etching selectivity between the nitride and the low K

‘dielectric material. :

| 19.. The method of claim 14 wherein the typical width of said
nitride spacers'ié in the range of about 200. Itb_

2000 angstroms.
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20. - The method of claim 7 wherein the etching out of ‘that portion
- of said 1orw K gate oxide, whlch is not protected by sa:.d

_ overly:.ng n1tr1de spacers, is. perfomed by means of a plasma

' etch followed hy a wot etch.

21, The method of claim 7 wherein the thickness of said

gate oxide is in a range of. about 20 to 200 angstroms, “

22.  The method of claim ?.wheriain the thickness of said

polysilicon laye:':;-- that.is used for forming said gate electrode

is in a range of a'hoult' 1000 to 4000 angstroms.

23. 'I_'he method of claim 7 wherein the 'typi:_:ai diel_ectric const&ﬁt_

value values for said low K portion of thé'gate oxide that
. resides under said nitride spacers is in a range.of about
2 to 3.5.

24. The method of claim 7 whereiﬁ the' dose of said N type- LDD

1mp1ant 1s typlcally in a range of ahout 1E13 to 5E14
at.oms/c.m '

25, The nnethc-d of cla:.m 7 wherein the energy for said N type

LDD 1mp1ant is 1n a. typmal range of about 20 to
100 KeV.
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26. The method of claim 7 wherein the dbéa_uf.saidfﬂ“snurcai
drain implant is typically'in a rénge of -about 1E15 to

BE1S atoms/cm?®.

27. The method of claim 7 wherein the energy for said SF source-

~ drain implant is in a tyﬁicai range of about 20 to 100 KeV.

28. The method'of claim 8 wherein the nitride thickness for said

double spacer is between about 200 and 2000 &pgéﬁromé.

29. The method of-claim.a wherein the polysilicon thickness for
said double spacer structure is adjusted for increasing the
' degree to which the low K gate dielectric is laterally extended

~ into the channel region.



