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s’y 19:APR 2004 A METHOD TO FORM SHALLOW JUNCTI ON TRANSI STORS WHI 4B APR 2004
- ELI M NATI NG SHORTS DUE TO JUNCTI ON SPI KI NG BACKGROUND OF THE | NVENTI ON (1)
Field of the Invention The invention.relates to a nmethod of fabricating
sem conductor structures, and nore particularly, to the formation of -

shal | ow j uncti orf* MESHEPsTGI FORM SHRTloW U@@Jh@k@#%%lﬁldﬁi %EEE shorts due

to junction spiking. (2) Description of the Prior hé "nex eneration

of netal--oxide-séﬁﬂ&éﬁaﬂtw@rSﬂdRmsiDmﬁﬁﬁprﬁ@@qgﬂf§#¥kI FET) devices
will likely use shallow junction technology in the formation of source and
drain regions. Shallow junctions are herein.defined .as junctions of |ess
“than 0.15 microns in depth. Such junctions are necessary to further reduce

MOSFET channel |engths amackbROUNBCHE O¥ie: %ﬁ%&ﬁ&oﬁ’“ki ng densities and
swi tchi ng speeds. One probl em encountered in € use of shallow junction

devices is that of junction spiking. It is typical in the 1 J19 APR 2004
art to contact netal conductor |ayers directly to the

(1) Field of the Invention

The invention relates te a method of fabricating
semicond i
{ix uctor structures, and more particularly, to the
./ formation of shallow junction MOSFETs with a novel

technique that eliminates shorts due to junction spiking

{2} Description'of the Pricr Art

The next generation of metal~oxide-semiconductor field
effect transistor (MOSFET) devicés wili likely use shallow
junction technology in the formation of scurce and drain

o regions. Shallow junctions are herein defined as junctions
~of less than 0.15 microns in depth. Such junctions are
, nNecessary to further reduce MOSFET channel le#gths and thus

achieve greater packing densities and switching speeds.

One problem encountered in the use of shallow junction

devices is that of junction spiking. It is typical in the




surface of substrate junctions. It is possible that netal will diffuse
into the bulk of the junction and forma spike. In the case of {&IARR 084y

deep junctions, this spike does not necessarily pose a problem For

shal l.ow junctions, however, this netal spike can be deep enough to short
across thgriungtitddit g trate below. In addition, the use of
silicides to prevent met gftggp?gl?%édf%r MY S5Palt FRaF 1Y gro $thal | ow j uncti ons.
The forngtipn of,sidhci consunmes part of the substrate during the
anneal process. In tgﬁlg%lgggiéeo?u%‘ﬁ%ﬁr&m j dfciPoRgssinke thaicmiesnlr emai ni ng
after the,si{ig for.mat i il] tend to exhibit unacceptable junction

| eakage. Re iercfllf"r%glsteo lgl%a g%?%“bfd%%-@é’cﬂﬁ@ﬁtb@n aarphridral by conpl et ed

pri or artsgﬂgeegr%ne% circuit is shown. A silicon substrate 10 is shown.

| sol ation regions,” FOFmEaSByCT sFedatowelvefeRpi sonattiars,( $hs, are al so
shown 14. ﬁk%ata% oxi de | ayer 18 has been grown or deposited on the surface
of the siTicon Cf5stPht BEEOSSar bl \Raisle @onrpbyem. 22drs shdapesi t ed overl yi ng
t he gate 0oxide Iayeg} 18 as conventional in the art. 2 APR 2 O4 Referring
to Fig. 2 UNELIORSY | BYPYRAT et B g M lhapike can be deep encugh to

short apross,the junction into the substrate below.

In-addition, the use of silicides to prevent metal
spiking is not practical for shalldW'junctions. The
formation of silicide consumes part of the substrate during
the anneal process. In the case of shallow junctions, the
Junction remaining after the silicide formation will tend

to exhibitlunacceptable Junction leakage.

Referring to Fig. 1, a cross-section of a partially
‘completed prior art integrated circuit is shown. A silicon

substrate 10 is shown. Isolation regions, formed by

=

shallow trench isolation {STI), are also shown 14. A gate
oxide layer 18 has been grown or deposited on the surface
of the silicon substrate 10. & polysilicon layer 22 is
deposited overlying the gate oxide layer 18 as conventional

in the art.




been performed to pattern the polysilicon layer 22 to formthe gatig g APR 2004
electreode for a planned MOSFET device. During the etch process, an’
undesirabl e effect call mcrotrenching can sonetinmes occur. In

m crotrenching, an enhanced etch attack is seen at the edge of the
polysilicon gate and can result in the etch breaking through the gate

oxi de | ayer BETaHEma hicsFéeeu? 5,a araratriokr ¢nahefén cardiomms The use  of
brom ne- and oxygen-containing gases in the etch process can increase the
etch sel eReFViRSF imTededacrat hert i el ihagd i 10Eomi T4 @ enchiongo However ,
‘this effect does still occur for ultra-thin gate dielectrics. Wen a

m cr ot r entlte ZRtss eliegitmede Foris plddrkel yokegat aop; JOr HUFBHLE! chynction
‘spike to formin subsequent processing. Referring to Fig. 3, the results

of furthettqy auessisng aof ubbiespraire arr o MOSEET1 Shi MU AL S Shoyn. The
gate electrode, including sidewall spacers 38, has been fagricated.

Shal | ow | amiettiiows kpaxzerbeennf@icfmftr\@nfcﬂinPi, g&tu'é/ﬁkgé?}ﬁ%%\ JegRgtions 30 and
heavi |y doped junctions 34. An internetal dielectric |layer 42 was

- depost ¢ ecumbietichedent ot cnin st ant canoRhogs. AP B AR S
result in the etch breaking through the gate oxide layér

18. When this occurs, a microtrench 26 can-form. The use

of bromine- and oxygen-containing gases in tﬁe etch process

can inbrease the etch selectivity and reduce the likelihood

of microtrenching. Howefer, this effect does still occur

for ultra-thin gate dielectrics. When a microtrench 26 1is

formed, it is a likely location for a metal junction spike

to form in subsequent processing.

Referring to FPig. 3, the results of further processing
of the prior art MOSFET structure are shown. The gate
electrode, including sidewall spacers 38, has been
fabricated. Shallow junctions have been formed with
lightly doped junctions 30 and heavily doped junctions 34.
An intermetal dielectric layer 42 was deposited and etched
to form contact openings. A metal layer 46 was deposited

to fill the contact openings and patterned to form



i nterconnects. Finally, a passivation |ayer 50 was deposited to conplete
the MOSFET structure. A metal spike 44 is shown formed in the junctid@nAPR 2004
regi on of the MOSFET. The netal spike 44 nmay have formed due, in part, to
the aforenentioned mcrotrench 26 feature fromthe gate etch step or by
ot her neans. The netal spike. _is shown to have penetrated entirely through
the shal 'S5 TWEECES - andinat by « e RasgévRying bayécd swsstrate . 10. The
short mﬁh%acause the MOSFET to fail and this device will be rejected
during t HERESSy tor 6eBBSt e -ty MOJFEPr sbruattrappr oaches di scl ose net hods
to form gate, source, or drain electrodes using polysilicon and chem cal
mechani cal polish techniques. -U S. Patent 5,856,225 to Lee et al discloses
a nmethod to formself- aligned, ion inplanted channel regions in MOSFETs
foll owing thé F&tARt EDhkef44cks cihoamd fdraka 1@ gtlonSiurdtsaerificial
polysilicon gate is formed and then renoved to open the channel region for
i npl ant atfiesi-onCleénitbal MABERENI Cile meakilsbphgei 84 used Haxdebi-peqt he gate
el ectrode froma second polysilicon deposition. U S. Patent 5,786,255 to
Yeh et alduceadhmepaatpr beesise taf dremana i VOSEET wher @ Ae 2 pekysiLicon cont act
| ayer for the source and drain regions 4 _
from the gate etch step or by other means. The metal spike

is shown to have penetrated entirely throﬁgh the shallow
{i} junction and into the underlying silicon substrate 10. The
' short will cause the MOSFET to fail and this device will be

rejected during the testing process.

“Several prior art approaches disclose methods te form
gate, source, or drain electrodes using polysilicon and
chemical mechanical polish techniques. U.S. Patent
5,856,225 to Lee et al discloses a method to form self-

aligned, ion implanted channel regions in MOSFETs following

LY

™ the formation of source and drain regions. A sacrificial
polysilicon gate is formed and then removed to open the
channel region for implantation. Chemical mechanical
polishing is used to define the gate electrode from a
second polysilicon deposition. U.S. Patent 5,786,255 to
Yeh et al teaches a process to form a MOSFET where the

polysilicon contact layer for the source and drain regions




i s defined by a chem cal nechanical polish. The gate and isolation regions
are formed in a silicon nitride layer that then is etched away to %%@Rm@l{
the gate and isolation regions above the surface of the silicon substrate.
U S. . Patent 5,674,774 to Pasch et al discloses a method to define source

and drai niged®t endpPlusi i : tact.s. by .chenical nechanical polishing of
a pol ysilicon l|ayer .%ﬁ.aS.C%%%égggtg%%%%% FPgiPBan Ete flatcedalles a process

to form flonting, for EEPROVE, using g, .chenical mnechanical polish of
the polysilicon I a%ﬁ%ﬂssgrgaf%ﬁf‘e%,%ﬂ 141N vt aslerdi scl oses a
process tppfor yal tal ~gate. SUMMARY OF THE | NVENTION A princi pal

_obj ect of the %}’%jsg%?eltﬁgﬁtflgﬁyigot avsy dfiedgatn aid eictdlagiand very

manuf act ug t.hod fabricating shallow junction MOSFETs in the
manuf actur%%&ﬁﬁbeodrreag d 5FF£%?€E Lt Ay siideopbieett mitd.he Upsesent

- inventionpls, 1,0 . provi gg a method to fabricate shallow junction MOSFETs in
whi ch the gate el"ectr d s 8r 82T Sdd s cpobysi 4 imhods t19 APR 2004 “A yet

further Oc?é ct of the present inventionis to provide a nethod to

fabri cat € shald AW GRcErOndMBFE®SIte polysilicon contacts by

chemical mechanical polishing of a polysilicon layer. U.s.
Patent 5,767,005 to Doan et al teaches a process.to form
floating gates for EEPROMs using a chemical ﬁechanical
polish of the polysilicon layér. U.S. Patent 5,447,874 to

Grivna et al discloses a process to form a dual metal gate.

SUMMARY OF THE INVENTION

A principal object of the present invention is to
provide an effective and very manufacturable method of
- fabricating shallow junction MOSFETs in the manufacture of

integrated circuits.

A further object of the present invention is to
provide a method to fabricate shallow junction MOSFETs in

which the gate electrodes are comprised of polysilicon.




whi ch_t he gate'electrodes are conprised of polysilicon and in whic
junction spiking is elimnated by contacting

the source and drain.

. 5R! 2004

junctions with polysilicon instead of netal. Another yet further object of
the present invention is to provide a nethod to fabricate shallow junction

MOSFETs X
whi ch netal  junction §pikin§°PECEI?

in whijch th te electrodes are conprised of polysilicon
AcPet K AaE 2 ﬁi?&ﬁeﬂfQ§?ntré§E%m¢@Pmrﬁﬁtﬂﬁ ckness of

t he polys'kggggegate I%%ﬁ%oagd:thereby reducing the |ikelihood of
p

and in

RPSifRtorshaldiew Anpchien INOIFRTs dlj ect of the

m cr ot r enhi Wo-dut iy

pr esent inge ti%ﬂ is to provide a method to fabricate shallow junction
MOSFETs i W %hi ©h® 1978 &t chrages orles eompréerpr PEedobfsitetadn afaot her stil |
further object, of the present invention is to provide a nethod to

fabri cat et3h&t

}ow Geidt JURCt MeBRETSking vits i iméhated ungtdqrtaspitkigng i s

elimnated by constructing the gate electrodes of nmetal and thereby

elimnati

HE N ots émchidrglaudunet idres poltysipbilgsnl tah. i fstkhARR 2004

Anot her further object of the present inventionis to provide a nethod to
fabricat é"WEBFETs with i nproved

-

Another yet further object of the present invention is

to provide a method to fabricate shallow junction MOSFETs
in which the gate electrodes are comprised of polysilicon
and in which metal junction spiking is eliminated by

reducing the thickness of the polysilicon gate layer and

thereby reducing the likelihcod of microtrenching during

the polysilicon etch.

Another further object of the present invention is to
provide a method to fabricate shallow junction MOSFETs in

which the gate electrodes are comprised of metal.

Another still further object of the present invention
is to provide a method to fabricate shallow junction
MOSFETs in which metal junction spiking is eliminated by
constructing the gate electrodes of metal and thereby

eliminating microtrenching due to the polysilicon etch.




t opol.ogy across the drain, source and gate so that the intermetal E%QJMD mm%‘
dicel ectric coverage and contact etch are nmade easier. |In accordance Rh
the objects of this invention, a new nethod of fabricating shallow '
junction MOSFETs has. been achieved. A substrate is provided with '
i sol ation regi ons separating active device areas. A gate oxide |layer is
grown overlying the substrate. A first. polysilicon |layer is deposited
overlying the Xi yer... A silicon nitride |ayer is deposited
overl yi ng theP??&gfgpgﬁgg+$¥é§ﬁﬁxﬁé§’r%g?h8r§?$ﬁﬁuﬁ¥ﬁﬁnﬁﬁpaelBa?@r and the

first polysil:icon’ r .are patterned to formtenporary gates for planned
MOSFETS. %ﬁ%&d%rg b%%ﬁ%%té% fghﬁfQﬂ%§ Y0pEEFat el thy imymeveld ght |y doped

junction re the tenporary gates and the isolation regions act as

i mpl anti ﬁcgo\gnr?g&?é’. aﬂrgﬁﬁc%lﬁelé’iﬁér“' iSUgEBoaNE egR v erd hag the gate oxi de

| ayer and %he %e&pgra£% %?Ies. The spacer |ayer. and the gate oxide |ayer
‘are ani sotT6prEartyetthedr1o dvrhegedand! ¢oripaateres chadiraceatiet o t he
tenporaréﬁggtes and overlying a part of the Ilightly doped .junctions. lons
are inpl éflinto the 7 J 9 APR-2004, substrate to form heavily doped

junctions where the

3
i

In accordance with the objects of this invention, a
A

\

3

new method of fabricating shallow Junction MbSFETs has been @
;chigvedT A substrate is brovided with isolation regions |
separating activé dévice.areas. A g%te oxide layer is

grown overlying the substrate. A first polysilicon layer

is deposited overlying the gate oxide layer. A siliéon
nitride layer is deposited overlying the first polysilicon
layer. The silicon nitride layer and the first polyéiliéon
layer are patterned to form temporary gates for planned
MOSFETs. TIons are iﬁplanted into the substfafe to form

£ lightly doped junctions where the temporary gates and the
isolation regioﬂs act as implanting masks. A spacer layer

is deposited bverlying.the gate oxide layer and the

temporary gates. The spacer layér and the gétenﬁgide ayer
are anisotropically etched to form sidewéll spacers

adjaéent to.the temporary gates and overlying a part of the

lightly doped junctions. Ions are implanted into the




t

masks for the inplant and where the heavily . doped regions and lightly
doped regions formthe source and drain junctions for.the planned MOSFETSs.
The silicon nitride |ayer is etched away. A second polysilicon layer is
deposi t eds@yerd g d e rauBshiai €. 4 i || _spacers, and the first
polysilicon | ayer. The second po ys%é%%cﬁﬁ%;%g@g?si@l%? i%‘r?ed to bel ow the
top surfacesp@fatheside - rs to conplete the MOSFETs by form ng

a J“@ ,“@hg s PRAGE S acerghdan_?QﬁrﬁQR%ﬂ£$9Pive

-permanent gates fromthe tenporary gates,
connect i opsyi%d he r d.drai.n juncgtions. lons are inplanted into the
second pol ysilicon f%&eﬁgsﬁgsfgﬂaﬁ e ln]p;?é‘ RRAf §RHRER) tireie@vAd Yt he surface

of the se Sl co ayer. The sjlicide [ayer and second- polysilicon
| ayer ar e& at t g%r?\e%ntso% gr élébjéfa OéJEéJoﬁ&ﬁ&PWefo%rH@:tﬁ%ﬁS}ﬁ Andi nt er net al

dielectri ayer is .deposited overlying the MOSFETs, the substrate, and

the i sol a(%rliol%y%ruélé:?%ﬁg?’ d?’ﬂlé it erlrsigd gﬂp@ﬁ@"é%ri cThayrgrl diconpat t erned to

f orm cont aQCt .0penings to the gates and to the-conductive connections for
Bt dear &

the sources and s 1S AChERST Fuier - s Seaepdshekys idviadny lagethe

i nternet al o(lj'[e‘j egtric layer and filling the, contact openings. The netal .
| ayer is pat e@rﬁ?ﬁé&Edt Ve %H%‘é&d?eatsélbﬁﬁﬂfatei ntlee coldrectls. spapassjvation .

| ayer 1
and the first polysilicon layer. The second polysilicon
1 l‘ - ‘\
layer is polished to below the top surfaces of the sidewall \

f:} gpaégrs to complete the MOSFETs by forming permanerit gates i
from the temporary gates, and to_forﬁ conductive
connections to the source and dréin juﬁctions. Ions are
implanted into the second polysilicon layer. A silicide
layer is formed overlying the surface of the second
polysilicon layer. The silicide layer and second.
polysilicon layer are patterned to form separate conductive
connections. An intérmetal dielectric layéf is deposited

—~ overlying the MOSEETS, the substrate, and the isoclation

730,

regions. The iﬁtermetal dielectric léyer is patterned té
form contact openings to the gates and to the conductive
connections for the sources and drains. A metéi iayér-is
deposited overlying the intermetal dielectric layer and
filling the contact openings. The metal layer is patterned

to form separate metal interconnects. A passivation layer

tenporary gates, the sidewall spacers-,' and the isolation regi ons ‘actq 9PR 2004



8.19 APR 2004 is deposited overlying the netal interconnects and the
internmetal dielectric layer, and the integrated circuit is conplet ea.g APB 08
in accordance with the objects of this invention, a new nmethod of
fabricating shallow juncti on MOSFETs has been achieved. A substrate is

provi ded wi.t Q. isolation regions separating active device areas. A gate
oxi de | ay\g'rs B?ggglr%%ﬁq oov\?errllygf’ﬂg%{‘ﬁ StdstindeacopnepEstamebtidie | ayer i s
deposited.gyverlying th ate oxide layer. A silicon nitride |ayer is

deposi tedl%w%’f%% ‘%‘rﬁ@e%‘%rétc REYSF: | 3krthe Thsesritedrneimduitded ayer and
the first rretI?lI Igyer are patterned to formtenporary gates for planned
MOSFETs. FBHR&Fe%i nplanted into the substrate to formlightly doped
junctions where the tenporary gates and the isolation regions act as

i npl anti ng masks. A spacer |ayer is deposited overlying the gate oxide

| ayer and the tenporary gates. The spacer |ayer and the gate oxide | ayer
are ani sotropttt |y éccradanoefoith siltewaljkecspacer shagj aoantit sl the
tenporary gates and overlying a part of the lightly doped junctions.. lons
are inpl ahteRlr ifptdachefsdbbriateine sHarmwheanct yodapegFdngalicons where the

tenporary gates, the ,
been achieved. A substrate is provided with isolation
regions separating active device areas. A gate bxide layer
. is grown oﬁerlying the substrate. A first métal layer is
{:} deposited overlying the gate oxide layer. A silicon
nitride layer is depbsited overlying the first metal layer.
The silicon nitride layer and the first metal iayer are
patterned to form temporary gates for planned MOSFETs.
Ions are implanted into the substrate to form lightly doped
junctions where the temporary gates and the isolation
regions act as implanting masks. A sbacer layer is

deposited overlying the gate oxide layer and the temporary

gates. The spacer layer and the gate oxide layer are

anisotropically etched to form sidewall spacers adjacent to
the temporary gates and overlying a part of the lightly
doped junctions. Ions are implanted into the substrate to
form heavily doped junctions where the temporary gates, the
sidewall spacers, and the isolation régions act as masks

for the implant and where the heavily doped regions and




.l * ’ - - . - - |
sidewal.| spacers, and the isolation regions act as masks for the i EFEHZU#
and where ltohe heavily doped regions and 9 A 9 APR 2004 lightly dope‘Igirg 0
regions formthe source and drain junctions for the planned MOSFETs. A
barrier layer is deposited overlying the substrate and the silicon nitride

layer. Theigstlycaoped trddionayerm snet chefbauay algng with the barrier
Iager that overlies the sg?ll icon nitride, A second et al 3“?%%‘?“% s deposited

erlyi ngfbhetharpl &ind @WRIsrEfie  Si rs, and the tirst netal
F\e/lyer¥ Tﬁe secohdp et al | ayer i's p0|gI§S ie%lr tslga%(l;egfl oW aﬁgo?btbe‘iurface of the

i i . from
sidewal | spaeeys e S . form,ng. .permanent gates
t he terrporgry ga?%gﬁﬂ%ﬁc%fa%?ma@ﬁg%-c Jivlecoélor?rjr(’égﬂj Ns2YRr t h urce and

tel . > i tt >d to form separate
drain jungtionss nfhegeqand retal. layer. | s patter Hykh the Rposin ed

conductive connections. Anintermst o The Tslation req boa. The
overlyin MISEET, substrate, and the -iso i ns.

inter?/ret glﬁgi@l{al ectt!rzioscvﬁry}%rs :dge Séﬁ'i%‘??}éﬁlﬁ%q:orm Bonternd ddﬁ!fé?ﬁd Ings tz Eﬂierd
ates and he. ¢ ive connections for the sources and drains.

?ret al | ayé%y?é gsepcg | ;é(e\igegvg?’feﬁ%n?h § Ratketalaverel®earic | ayer and

1k ni ngs.. The
filling thaé%EEf“épé?é?Q,” Bd the first metal layer. The second

metal layer is polished to below the top surface of the

sidewall spacérs to complete the MOSFETs by forming
%i} . permanent gates from the temporary gates, and to form
conductive connections to the source and drain junctions.
The second metal layer is patterned to form separate
conductive connections. An intermetal dielectric layer is.
deposited dverlying the MOSFETs, the substrate, and the |
isolation regions. The intermetal dielectric layer is
patterned to form contact openings to the gates and to the
conductive connections for the sources and drains. A third
metal layer is deposited overiying the intermetal
dielectric layer and filling the contact openings. The
third metal layer patterned toc form separate metal
interconnects. A passivation layer is deposited overlying
the metal interconnects and the intermetal dielectric

layer, and the integrated circuit is completed.

10



third metal |ayer patterned to form separate metal interconnects. A
passivation | ayer is deposited overlying the netal interconnects and % ARR 2004
internmetal dielectric layer, and the integrated circuit is conpleted. 10
19 APR 2004 BRI EF DESCRI PTI ON OF THE DRAW NGS | n the acconpanyi ng draw ngs
formng a material part of this description, there is showm: Figs. |
through .3 schematically illustrate in cross- section partially conpl eted
prior art shallow junction MOSFETs in an integrated circuit device. Figs.
4 through 7 schenati cadfFVFH IDRFSRIBEEON rOR IS DRAFCNEONAl represent ati on
preferred enbodi nents of the present invention used to form shallow
junction MOSFETS. Figs. 8 through 13 schematically illustrate in cross-
~sectional representation a first preferred enbodi nent of the present

i nvention used™ &"PoRRFSRBRIDING Wthetiions Poliyshd iLamt@atiaIMOSEETs. Figs. 14
t hrough 18 schematically illustrate in cross- sectional representation a
second prdf &hiéd deapadphben, ofhencha spisesent i nvention used to form shal | ow
junction netal gate MOSFETs. _

Figs. 1 through.B-schematically illustrate in cross-

section partially completed prior art shallow junction

MOSFETs in an integrated circuit device.

Figs. 4 through 7 schematically illustrate in cross—
sectional representation preferred embodiments of the

present invention used to form shallow junction MOSFETS.

Figs. 8 through 13 schematically illustrate in cross-—
sectional representation a first preferred embodiment of
the present invention used to form shallow junction

- polysilicon gate MOSFETs.

./.s-::x\

Figs. 14 through 18 schematically illustrate in cross-
sectional representation a second preferred embodiment of
the present invention used to form shallow junction metal

gate MOSFETs,

11




11 r19 APR 2004 DESCRI PTI ON OF THE PREFERRED EMBCDI MENTS The present g APR 2004
invention is disclosed as two preferred enbodinents. First, the present
invention is uSed to create shallow junction MOSFETs with polysilicon gate
el ectrodes. Second, the present invention is used to create shallow
junction MOSFETs with netal gate electrodes. Referring now nore
particularly to Fig. 4, there is illustrated a cross section of ‘a
partially conmpleted integrated circuit device. The substrate 60 is
preferably conpos@ﬁsgﬁlﬁg%%%rggn@ﬂﬂiPﬁ§F§FRE@oﬁMBQ§ﬁMEN$ﬁ trench isolations
(STlI) 62 are conventionally formed in the substrate 60 as a neans of
separating active device areas. . Local oxidation of silicon (LOCOS) could
al so be used to create the isolation regions. A gate oxide |ayer 64 is
forned overlyi'h§ PHESSTE| tovemiulsst st di60loThe amttroyirdderirager 64 may be
formed by thermal oxidation of the substrate 60 or by chem cal vapor :
deposi t i GHECDENtA. f | Firshol §is Irneornitayeres8ids deposid ed overlying the
gate oxide layer 64. The first polysilicon |ayer 68 can be deposited using
any of a drgeitet yhetlovDi wetthiods MOBFETs with polysilicon gate

electrodes. Second, the present invention is used to

create shallow junction MOSFETs with metal gate electrodes.

{i} Referring now more particularly to Fig. 4, there is
illustrated a cross section of a partially completed
integrated circuit device. The substrate 60 is preferably
composed of monocrystalline silicon. Shallow trench
isolations (STIi 62 are ceonventionally formed in the
substrate 60 as a means of separating active device aréaé.
Local oxidation of silicon (LOCOS) could also be used to
create the isolation regions. A gate oxide layer 64 is

N formed overlying the silicon substrate 60. The gate oxide
layer 64 may be formed by thermal oxidation of the

substrate 60 or by chemical vapor deposition (CVD).

A first polysilicon layer 68 is deposited overlying
the gate oxide layer 64. The first pclysilicon layer 68

can be deposited using any of a variety of CVD methods.

12




19 APR 2004 The first polysilicon layer 68 may be deposited undoped gqﬂApR2m4
theh'rnplanted to reduce resistivity. The first polysilicon [ayer 60 may

al so deposited using insitu doping. In the preferred embodi ment, the first
polysilicon layer is deposited by |ow pressure chenical vapor deposition
(LPCVD). A silicon nitride layer 72 is deposited overlying the first

ol S|I|cﬁhEIégmﬂtEﬁblyﬁuirﬁbhlm@peﬂlgglmgyIb@y@@pbgltg§p§ga 4@ LPCVD
BroZess The thicknesses of the first polysilicon |ayer (§§3n3 the silicon

nitride | tiyen gpbareted rpolrkante f ead ieS 10f, t heqfir g1, gbodi ment of the
present invention. The conbi ned thickness of t he flrst ponS|I|con | ayer

f the
68 and t heoky$iLiromildviede chaysy ZsMddpdsieabe kg, final t hi ckness o
MOSFET gate. By including a SI|?COH nlg}lde auer %2 %h‘% will ultimately

be et cheddamiayy andin reRl acedewitd é}ﬁ:&ﬂ%& On@hepg ysili L Ean.; | ayer St .h|e|

t hi ckness of the first polysilicon |ayer 68 may be red

mai nt ai ni dihel HwtRlditgat g tbéﬁﬂ&ﬁé& q%§ E%ﬂ int the final MOSFET
structure?gﬁeducingzﬁLe_thicKness of I'r C%olyé@?ﬁcon | ayer 68 is key

duci eqLpe: ferred
to reduci ddve- i 4o ey . of occurrence of_nlcrotrenches In the pre
enbodineﬁ?%)thejfirst polzsiliconflayer 68 is deposited to

A silicon nitride layer 72 is deposited overlying the
. first polysilicon layer 68. The silicon nitride layer is
%i} deposited in a LPCVD process. The thicknesses of the first
polysilicon layer 68-and the silicon nitride layer 72 are
important features of the first embodiment of the present
invention. The combined thickness of the first polysilicon
layer.68 and the silicon nitride layer 72 will create the
final thickness of the MOSFET gate. By including a silicon
-nitride layer 72, that will ultimately be etched away and

replaced with an additional polysilicon layer, the

™ thickness of the first polysilicon layer 68 may be reduced

it

while still maintaining the overall gate thickness desired
in the final MOSFET structure. Reducing the thickness of
the first polysilicon layer 68 is key to reducing the
frequency of occurrence of microtrenches. 1In the preferred
embodiment, the first pelysilicon layer 68 is deposited to

a thickness of between about 500 Angstroms and 1,500
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a thi ckness of between about 500 Angstrons and 1,500 13 19 APR 200418 APR 2004
Angstrbns. The silicon nitride layer 72 is deposited to a thickness of

bet ween about 500 Angstrons and 1,500 Angstroms. Referring nowto Fig. 5,
the .silicon nitride layer 72 and the first polysilicon layer are etched

t hrough where not protected by a mask, which is not shown, to form

t enpor ar yAgasesoner pllanmed iMOBFETsriddiel gatesoang §8568%kd epQrary,
because, during the subsequent processing steps, the silicon nitride |ayer
72 will behiekoves ahbeaeplacedoun 60 addidional ,pe! ysidd con. The etch is
performed using either a reactive ion etching (RIE) process or a wet etch.
A preferradgseastsve i on etch process for this step conprises SFG and 02
or HBr, SFc,, and 02. A preferred wet etch conprises H3PO4 (phosphoric
acid) . As noted earlier, the use of the silicon nitride layer 72 to fil
out the total thickness of the gate allows the first polysilicon |ayer 68

. - . . o Cch
to be thinner réwsrting hew eanyegtionalyard; ;UL g fhe, pal ysilicon e
it is still possible for mcrotfienches 7§;to occur. we FF'ggcause t he
first p0|aﬁ@|ﬁﬁé”fﬂﬁ§*650§§35§i&8ﬁnﬂﬁgerfé?@E%tched through where

not protected by a mask, which is not shown, to form

temporary gates for planned MOSFETs. The gates are termed

temporary,. because, during the subsequent processing steps,

'\_‘{
O

g

the silicon nitride layer 72 will be removed and replaced
with additional polysilicon. The etch is performed using
either a reactive ion etching (RIE) process or a wet etch.
A preferred reactive ion etch process for this step
comprises SFS and O, or HRr, SFe, and 0,. A preferred wet

etch comprises H;PO; (phosphoric acid).

As noted earlier, the use of the silicon nitride layer

72 to fill out the total thickness of the gate allows the

i,

first polysilicon layer 68 to be thinner than in the
conventional art. During the polysilicon etch, it is still
possible for microtrenches 76 to occur. However, because
the first polysilicon laver 68 is thinner, fewer

microtrenches will occur in practice. This feature of the

14




m crotrenches wll occur in practice. This feature of the 14 19 APRIL éﬂRﬁRZWA
pr.esent invention will reduce the yield |loss due to netal spike thro& n

m crotrenches. Réferring nowto Fig. 6, ions are inplanted into the

substrate to formlightly doped junctions 80 where the tenporary gates,
conprised of the silicon nitride layer 72 and the first polysilicon |ayer

68, and tREchept ath INticegiviis aetiuas P! ERI1ING cHBSKSe dNGddght!y doped.
junctions 80 thus fornmed are self-aligned to the MOSFET gates. The ion

i npl ant at Fphke stiperdglr meidroameashisonal |y using an inplant species of
either P, As or Sb at an inplant dose of between about 1x1014 atons/cn®

~and 1x1015 atons/cnR and an energy of between about 20 KeV and 80 KeV.
Referring nowto Fig. 7, sidewall spacers 84 are conventionally forned.

The si deval | shatiersiray e eberabl ve, comosed ahosiligen dioyde that is

ani sotropically etched to formthe sidewall spa ers A&t to the
tenporarysu@mﬁfﬁtéﬂﬁb(Eb&hlEhggtﬁypéégeél;dﬂ%%lbhghgbywﬁgﬁgq¥{UnCt'OnS 80.
I'plan

After the sidewall spacers 84 are forned, 1ons are €d into the
substratetéﬁbdﬁhﬁyﬂgﬁtQ%QVEBMpQQQ@Q of the silicon nitride layer 72

and the first polysilicon layer 68, aﬁd the isolation

regions act as implanting masks. The lightlf doped
{i} junctions 80 thus formed are self-aligned to.the MOSFET

gates. The ion implantation is performed conventionally

using an implant species of either P, As or Sb at an

implant dose of between about 1x10™ atoms/cm? and 1x10S

atoms/cm?

and an energy of between about 20 KeV and 80 KeV.
Referring now to Fig. 7, sidewall spacers 84 are
conventionally formed. The sidewall spacers are preferably
composed of silicon dioxide that is anisotropically etched
to form the sidewall spacers 84 adjacent to the temporary
gates and overlying a part of the lightly doped junctions

80.

After the sidewall spacers 84 are formed, icns are
implanted into the substrate 60 to form heavily doped

junctions 88 where the temporary gates, the sidewall

15



junctions 88 where the te orary gates, the sidewall 15 j 2 APR 20043 APR 2qp;
Jsgggar‘s 84, and the isol am)on regi ons 62 act as masks for the |_rrpl antation
and where the heavily doped regions 88 and the |ightly doped regi ons 80
formthe source and drain junctions for the pl anned MOSFETs. The ion
inplantation is perfornmed conventionally using an inplant species of -

ei ther PSPAcsTor84h aard ahei tpbaaticosegfodkekpesar about, Ax1.4Q15 atons/cnk:
and 5x1015 atoms/cn2 and an energy of between about 20 KeV and 80 KeV.

Ref erri ngthewnml Fmpt i®n anat RReré Maas tant 1a$P86be §f red 116, idest gmbodi ment
of the -p?esent' invention is shown. Now that "the |VOSFE&|'S, i ncl Gdi ng

. . o i . ' ched
si dewal | spackrghtB4, daped keumBls Sderid itg@nspitelde layer, 72 is etc
away. The silicon nitride e?ch is preferabl ysa wet d%?ch rc‘_’ld“r?prl sing a

: . : : . d
chemi stryjwictHiR(A fphesphpl handgighs@iret wg n-&pou l12 degrees C an

180 degr)eues C. ClhefE cheni gtri%s coul d al'so gelerrpjlf CR/]?a Qttaci):tlﬁ’g‘nﬁlset eltiyoﬁt gp
away the sdtfaedidohvd@tibAYEl v 12s] walthag untll atter €L Qr ma

they I\/DSFLSEQT sour ces and d%ai ns 3émd lsr%_e&lmll?nbspléc_esr%e%lf% ST EH5PET the
silicon retrige Jrayer at2ant DEp PLES &Y sd %\fegrggcon i nsures 1}}1%@5 t he

subsequent processing to finish the gat arn;t @ Ol%
“atoms/cm? and 5x10%° atoms/cm? and an energy of between about
20 KeV and 80 KeV,.

U

Referring now to Fig. 8, another important aspect of

the first embodiment of the present invention is shown.
Now.that the MOSFETs, including sidewall spacers 84, are
formed, the silicon nitride layer 72 is etched away. The
silicon nitride etch is preferably a wet etch comprisingla
chemistry of H;PO, (phosphoric acid) at between about 120

degrees C and 180 degrees C. Other chemistries could also

be employed to completely etch away the silicon nitride

5

layer 72. By waiting until after the formation of the
MOSFET sources and drains and sidewall Spacers 84 to remove
the silicon nitride layer 72, the present invention insures
that the subseguent processing to finish the gate, drain,
and source connectivity can be accomplished without

additional dry etching at the source and drain region

16



and source connecti vi ty can be acconplished without additi onal dry @t@lAPRQPGm
at, the.source and drain region 16 APR 2004 substrate 60 surface. This

serves to prevent additional damage, such as mcrotrenching. Referring now
to Fig. 9, a second polysilicon layer 92 is deposited overlying-the
substrate 60, the sidewall spacers 84, and the flrst pol ysilicon | ayer 68.

The secondubporyst |dCandrayer 92n¢ang gde Q§|ted u of a variety
of CVD net hods. The second ponS|I?c QFYayg? §7°VRR gdﬂﬁ% ted undoped

| ayer 92
and then daph eshidip ILWCe ot LEaLSILYity. The second polysilicon
may be depos??éd by insitu gopgngﬁ +% the preferred enbodi nent, the

second polysilicon |ayer is deposited, undoped, by |low pressure chem cal
“vapor dgpogition (LPCVD) to a thickness of between about 1,000 Angstrons

and 1,500 An r ndo of values is used here to facilitate
CWP processg?%% in%h gr??ng %o 16 FFOP0POANST hbFoR Mpvierad? part of

ayer 92 is

oot s TS ABHSINAL A35EFE LOEE oSt B b 6275 Dot
the NCSF%E%&@&J(gﬁ, a%d the first polysilicon layer 68. The second

polysiiicon layer 92 can be deposited using any of a

variety of CVD methods. The second polysilicon layer 92
gmi may be deposited undoped and then implanted to reduce

resistivity. The second polysilicon layer 92 may be

deposited by insitu doping. 1In the preferred embodiment,

the second polysilicon layer is deposited, undoped, by low

pressure chemical Vapor deposition (LPCVD) to a thickness

of between about 1,000 Angstroms and 1,500 Angstroms. A

large window of values is used here to facilitate CMP

process control.

PR
! 1
vy

Referring now to Fig. 10, another important part of
the presént invention is described. The second pelysilicon
layer 92 is polished to below the top surfaces of the
sidewall spacers 84 to comﬁleté-the MOSFETs by forming
permanent gates from the temporary gates, and to form
conductive connections to the source and drain junctions.

The polishing step is performed using a conventional

17




per manent gatés fromthe tenporary gates, and to form conductive 9 APR 2004
connections to the source and drain junctions. The polishing step |§.
performed using a conventional 17 19 APR 2004 chem cal mechani cal polishing
(CWP) process selective to polysilicon. In this step, the advantage of
form ng the sidewall spacers 84 prior to formng the second polysilicon

| ayer 92 Peebheal dacdraninelepehi lyisg MRS meoessar yeldecausad he si dewal
spacers 84 separate and electrically isolate the second polysilicon |ayer
92 in conPaklsinie¢rn-he Inssbicestepaithe antagateer 6gi posmiRef@ia i Nng now to
Fig. 11, ions are inplanted into the second polysilicon |layer 92. The

i mpl ant at $ bewasl perrfasrened 84aprii st conviantriiorak hien stBendrgotys inadge the
resistivity of the second polysilicon |ayer 92. The ion inplantation is

per f or nedlaé ngd arbdampleantcispeci eso oft @iitrhelstBp A§, nBkesihry@t an inpl ant
dose of between about |x1015 atons /CM2 and 1x1016 atons/ch? and an ener gy

of betweedpechois 2 Kedeand188pkedks A siddtirdec! angr« Pd-i s fanmed overlying
the surface of the second polysilicon |ayer 92. The purpose of the
silicide isyertO4Hes salcsadt poll eLR:drhe RS 8bi Vht Yo add€rith the

- source, drain, and gate regions.

g:} Referring ﬁow to Fig. 11, ions are implanted into the
second polysilicon layer 92. The implantation is performed
as is conventional in the art to reduce the resistivity of
the second peolysilicon layer 92. The ion implantaticn is
performed using an implant species of either P, As, or Sb
at an implant dose of between about 1x10" atoms/cm? and
1%10%® atoms/cm? and an energy of between about 20 KeV and 80

KeV,

A silicide layer 94 is formed overlying the surface of

:/«;zrm_\\
S

the second polysilicon layer 92. The purpose of the
silicide layer 94 is also to reduce the resistivity of the
second polysilicon layer 92. The silicide layer 94 is
formed using a conventional process with a metal species of
Ti, Co, or Ni. The silicide layer 94 so formed has a

thickness of between about 200 Angstroms and 600 Angstroms.
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second polysilicon layer 92. The silicide layer 94 is forned usin? qu 00
conventional process with a netal species of Ti, Co, or Ni. The s ai id%

| ayer 94 so fornmed has a thickness of between about 200 Angstrons and 600
Angstrons. 18 19 APR 2004 Referring nowto Fig. 12, the silicide | ayer 94
-and second polysilicon |layer 92 are etched through where not protected by
a mask, which is not shown, to form separate conductive connections. By
selectively etching in this step, |ocal connects in the second polysilicon
layer 92 coulRGTHETHBEe"?® 1 HE9-dévicebe FhliciicHiaygrsPépans per f or ned
usi ng conventional etching techni ques. Al though polysilicon is etched, it
does not ¥G¥RCePddriionet lawesyr G¢r emehehghed ot mneshashexpenbenced with the
first polysilicon |ayer 68 etch. This is because the etching line is over
t he isol &Lt ctedi blisa6Rasind widichover nbhesstwah | caw jAsnet cepsr86eand 88. An
~intermetal dielectric layer 96 is deposited overlying the MOSFETs, the
subst r at €opQlucaadet hennsot trison Byegedast 62¢1Therdhiter aat ahidi el ectric

| ayer 96 nmay be any of several conventional materials deposited by
convent i Gi¥&P, fechhi quessctim ivhehpr ekesnedpenpodiingemt 1al8e bat er net al

could be made to other devices. This etching step is
performed using conventional etching techniques.- Although
{i} polysiliconAis etched, it does not create additional
microtrenching problems as experienced with the first
polysilicon layer 68 etch. This is because the etching
line.is over the isolation regions 62 and not over the

shallow junctions 80 and 88.

An intermetal dielectric layer 96 is deposited
overlyihg the MOSFETs, the substrate 60, and the isolation

regions 62. The intermetal dielectric layer 96 may be any

i i
Sy

of several conventional materials deposited by conventional

) /ﬂ..r;.\l

techniques. In the preferred embodiment, the intermetal
dielectric layer 96 is composed of silicon dioxide

deposited by LPBCVD,

Referring now to Fig. 13, the intermetal dielectric

layer 96 is etched through, where not protected by a mask,
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di'el ectriic layer 96 is conposed of silicon dioxide deposited by LPGPAPR 2004
Referring now to Fig. 13, the internetal dielectric |layer 96 is etched

t hrough, where not protected by a mask, 19 19 APR 2004 which is not shown,
to the suicide |layer 94, to form contact openings to the gates and to the
conductive connections for the sources and drains. A netal layer 100 is

convent | onal by ieRes! LaduAverl ng dha dipkerdpLal o, diel ety ¢ Tayer 96 and

filling the contact openings. metal Taye § s et'ched t hrough to the

top surfagg,of.d isnt.er pet di triclaygr 96 to . formseparate netal
i nterconnects. Ah%aes%i éat ?%n@l{l%y%afée%gfng? £ ggﬁag%% Erced  covD silicon

nitride i lﬂg&ocsji d e i e netal - i.ntercpnnects and the internetal
“dielectri ((§:O ayer Og% fg\rfldl&h%hgglf%{]eesgraé}cg & eui tgi%e%aé’teéd;s?he

advant age. of r, invention as shown in the first preferred
enbodi rren%é)c%énrnﬁecl)ﬂvgvl%é%g% nae%%sjd%%dcrqvﬁéfgylﬁgogg? THERRFAL process
sequence, ;and particul arly.the educed thickness of the first polysilicon
| ayer 68,dlér1lee uces gﬁé(efi égl hdo lntgné'}'ﬁof:ﬁﬁ??%’ﬁ GGt r R€hes 76

i ng | ysili etch. |If m crotrench 76 does
during trﬁ%€§i3§%yercﬂﬂo Es etcheéithrough to the top surface of the

intermetal dielectric layer 96 to form separate metal

interconnects. A passivation layer 104 of plasma—enhanced;
g:} CVD silicon nitride is deposited overlying the metal

interconnects and the intermetal dielectric layer 96, and

the integrated circuit is completed.

The advantage of the present invention as shown in the
first preferred embodiment can now be seen. As described
above, the novel process sequeﬁce, and particularly the
reduced thickness of the first polysilicon layer 68,

reduces the likelihood of the formation of microtrenches 76

; {rrhut‘c,\‘
_

during the polysilicon etch. If a microtrench 76 does
form, however, a metal spike and short condition will not
result. The novel polysilicon source and drain contacts,
comprised of the second polysilicon layer 92, will prevent
a metal short from occurring. The second polysilicon layer
92 will fill or cover any microtrenches 76 that occur.

Because of the polysilicon scurce and drain contacts,
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form hoWwever, a netal spike and short condition w I'l not result. The

novel “polysilicon source and drain contacts, conprised of the secodd APRQ{;@,‘-
polysilicon layer 92, will prevent - a nmetal short fromoccurring. The

second polysilicon layer 92 will fill or cover any mcrotrenches 76 that
occur. Because of the polysilicon source and drain contacts, 20 J 9 APR 24

current weltrewapriarlowrdpt heouhs rHoid eNches ré8ca8E T4 AMg Witout defect. In
addi ti on, because the source and drain contacts are nade with the second

pol ysi | i ceithayerddctno 1deepdi®ic, wRidesehl 966 AW Jretal spiking
will be into the polysilicon layer and will thus be of no consequence.

Ther ef or egowyt ®tits |08S rdde #0t8hoHd SdSnelioAi,nat eds, FiN; Il ¥, the
~polysilicon contact plugs for the souréle ba% gr a?%nre%%ons fai'se the |evel

of "the i ntesprededal diglkest i1 | ay&alr 96 :6Qnta¢L; 0 ﬂi(.n et.gh. . The etch depth
to create contact opéﬁi ngs for the rsour cgrnang ér Ao wégsleﬁtel ally the-

sane as thato e A @31 EcoONSRAYENM Yoi 11t Iggugr}geseo i nvention creates a

preferred etching topology that Is easier to manuf actiire. Referring now
again to é@ﬂbeq%ed%eﬁec?ﬂgr£%5%é¥rf%éld loss due to shorts is

eliminated.

{:} Finally, the polysilicon contact plugs for the source
and drain regions raise the level of the intermetal
dielectric layer 96‘cohtact opening etch. The etch depth
to create contact openings for the source and drain is
essentially the same as that for the gate. Consequently,
the present invention creates a preferred etching topology

that is easier to manufacture.

Referring now again to Fig. 4, a second preferred

R

embodiment of the present invention will be described. The

",;s.ln-\

substrate 60 is again preferably composed of
monocrystalline silicon. Shallow trench isclations (STI)
62 are conventionally formed in the substrate 60 as a means
of separating active dévice areas. Local oxidation of
silicon (LOCOS) could also be used to create the isclation

regions. A gate oxide layer 64 is formed overlying the

21




embodi ment of the present invention wll be described. The substratﬁﬂqupﬁzm4
agai n-preferably conposed of nonocrystalline silicon. Shallow trenc
isolations (STI) 62 are conventionally formed in the substrate 60 as a

means of separating active device areas. Local oxidation of silicon -
(LOCOS) coul d also be used to create the isolation regions. A gate oxide

60. The
| ayer 64 b$liosmesuisardnd mg thep2l ;9 ARR 2004 . 5 Sl' on_sybstrate
ga?e oxi de |l ayer 64 may be - forned y ?herﬁ%ﬁ |oﬂa%ﬁ“?he substrate 60

| ayer 68, or first
or by chesteed MAPH ARRAOSKE AP L aLe eI ctr de y
netay | ayer 68, |% 52p05|ted ovérﬁvlngIF%e 5&25%i 8 @ 64. The gate

electrodech@ﬁggaﬁ&nﬁgﬁ.g%p§g99§%£eﬂﬁay phyS|caI vapor dep05|tion (PVD) or

' deposi ted by
CVD. In the preferred enbodi men gate el ectrode | ayer is
CVvD. The gatg el ectrode | ayer 68 may be conposed of titanium titanium
al loys, alum num alum num alloys, tungsten, tungsten alloys, copper, or

|1 oys.p | r ferre enbo nent the gate el ectrode Iayer 68 is
ggﬁg(rair sgd, %/orA %xgaehngﬁll%f:% ARk Yt (9% LSk Retel deaimerddyi g t ungst en

or of a S&@;%%iogecf %Qrte%lllfrjmngl%lgcie dcgeatoeveggi)gen%agggpgg The gate
| electrode layer 68 can be deposited by physical vapor

deposition (PVD) or CVD. 1In the preferred embodiment, the

{j& gate electrode layer is deposited by CVD. The gate
electrode layer 68 may be composed of titanium, titanium
alloys, aluminum, alﬁminum alloys, tungsten, tungsten
alioys, copper, or copper ailoys. In the preferred
embodiment, the gate electrode layer 68 is comprised, for
example, of a stack of titanium nitride overlying tungsten

or of a stack of tantalum nitride overlying copper.

A silicon nitride layer 72 is deposited overlying the

.vr»/.

s gate electrode layer 68. The silicon nitride layer is
deposited in a LPCVD process. The thicknesses of the gate
electrode layer 68 and the silicon nitride layer 72 are
important features of the second embodiment of the present
invention. The combined thickness of the gate electrode
layer 68 and the silicon nitride layer 72 will create the

final thickness of the MOSFET metal gate electrode. 1In the
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"A'silicon nitride layer 72 is deposited overlying the gate el ectrodef@asRR 2904
68. 'The silicon nitride layer is deposited in a LPCVD process. The

t hi cknesses of the gate electrode |layer 68 and the silicon nitride |ayer
72 are inportant features of the second enbodi nent of the present
invention.,T?e conbi ned t hickness of the gate el ectrode I|ayer 68 and the
silicon nPEFTGETFAy®PPOdingnt, &heagete heledtirrale tlhiyeknessiof the MOSFET
metal gate electrode. In the 22 APR 20@ preferred enbodi ment, the gate

el ectrode“FRPEFCHB 13 2 depsdinesd 06 hetieakndssitoloberngenr &RonH00
Angstrons_and 1500 Angstrons. The silicon nitride layer 72 is deposited
‘to a thi ckRBYsPRIsHeruwen Talsowt 1500n Anyst IdE akd 25005 ABGSSf@Es. A thin
gate electrode layer 68 at this point in the process is inportant. Because
the netal tPhickinesknéss afedbecedent heoet c3ndt inmRy she@bnshendet@pi s al so
reduced. This Ilowers the probability of mcrotrench formation. In

addi ti on, Antietyerazi ng energy for the etch ions is reduced. Referring now to
Fig. 5, the silicon nitride layer 72 and the gate el ectrode | ayer 68 are
et ched through where not protected by a mask, which is not shown, to form

A thin gate electrode layer 68 at this point-in the
process is important. Because the metal thickness is
{j% reduced, the etch time for the metzl is also reduced. This
lowefs the probability of microtrench formation. In

addition, the grazing energy for the etch ions is reduced.

Referring now to Fig. 5, the silicon nitride layer 72
and the gate electrode layer 68 are etched through where
not protected by a mask, which is not shown, to form
temporary gates for planned MOSFETs. The gates are termed
temporary, because, during the subseqguent processing steps,
the silicon nitride layer 72 will be'removed.and replaced
with additional metal. The etch is performed using a
conventional reactive ion etching (RIE) process with a
preferred etching chemistry of either SFs; and 0, or BCls,

Cl,, and 0Os.
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temporar’y gates for planned MOSFETs. The gates are termed tenporary, '

‘be(r:rguse, ydgri ng the gubsequent processing steps, the silicon nitri de1$z§3|7§r2m}*

72 will be renoved and replaced with additional netal. The etch is

performed using a conventional reactive ion etching (RIE) process with a

preferred etching chem stry of either SF6 and 02 or BC13, C12, and 02 . 23

1 9 APR 2004 SEELRY ROW to Hay. 6, icoasaae einpidrantdednitpt ehthe

substrate to formlightly doped junctions 80 where the tenporary gates,

conpr i seFWistrRéesitpi onnnl tohitdey Idmped F@ncahohd e fibeste mwRkal | ayer 68,

and the isolation regions act as inplanting masks. The lightly doped

juncti onscSpordayy ghbemedeemer sedd -ofl tgnedil dedheniMBkieT 1ggkesy2The ion

.inplantation is performed conventionally using an inplant species of

ei ther P,ants ther f8psat mahal muant edosenafl the besowan aboulidx3049+ at oms/ cnp

and 1x1015 atons/cn2 and an energy of between about 20 KeV and 80' KeV.

Ref erri ng@sndwptlenkiigg Masks devild 19pacersdSdedrfunanv@niioopal Lty formed.

The sidewal | spacers are preferably conposed of silicon dioxide that is

ani sot r opficoaleldy aetchetlf-4 0i fiddntiche nsi devatt gpacers 84 adphacent to the

t enporary .
~implantation is performed conventionally using'an implant

species of either P, As, or Sb at an implant dose of
{i} between about 1x10' atoms/cm® and 1x10'° atoms/cm? and an

energy of between about 20 KeV and 80 KeV.

Referring now to Fig. 7, sidewall spacers 84 are
conventionally formed. The sidewall spacers are preferably
composed of silicon dioxide that is anisotropically etched

- to form the sidewall spacers 84 adjacent to the temporary
gates and overlying a part of the lightiy doped junctions

80.

s,
——

After the sidewall spacers 84 are formed, ibns are
implanted into the substrate 60 to form heavily doped
junctions 88 where the temporary gates, the sidewall
spacers 84, and the isclation regions 62 act as masks for
the implantation and where the heavily doped regions 88 and

the lightly doped regions 80 form the source and drain
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gates and overlying a part of the lightly doped junctions 80. After th$8 APR 2004
sidewal | spacers 84 are forned, ions are inplanted into the substrate 60

t0 formheavily doped junctions 88 where the tenporary gates, the sidewall
spacers 84, and the isolation regions 62 act as masks for the inplantation

and where the heavily doped regions 88 and the lightly doped regions 80

formthe nd drajn 24 junctjaqns for the planned MOSFETs. The ion
i npl ant at on'§¥§ﬂ%ng o?h%dp%ﬁﬁﬂﬁ§ﬁ&%%ﬁﬁﬂTPy uShRgl@h inpdieaketipecies of
either P ff% or Sh at @n i pl ant dose of between about 1x1015 atons/cnP
and 5x10' B M o FORXRAT A Bk i 100 B8t WeBhaRboiReCiZG REVEahHeB0 KeV. A
barrier | y&g 108 iE deposited overlying the silicon nitride |layer 72 and
the substTat¥ /66 The@purPos it KEsepafr Petvealyerbaus tlel6fi ni nate net al
diffusion into the substrate 60. The barrier layer may be conposed of any
of sever &t “FEB/CHCtBIY S¥elal atomedomt gpd can |snetidy odnbehaeeonabmitt h
refractory netal nitrides. - In the preferred enbodinent, the barrier |ayer
108 is compricyednst 8Pi Kahi um nitride and tantalumnitride deposited by
plasma enhanced CVD to a thickness of between about 50 Angstroms and 200
A barrier layer 108 is deposited overlying the silicon

nitride layer 72 and the substrate 60. The purpose of the
{:} - barrier layer is to eliminate metal diffusion into the

substrate 60. The barrier layer may be composed of ahy of

several refractory metals used, typically, in combination

with refractory metal nitrides. 1In the preferred

embodiment, the barrier layer 108 is comprised of titanium

nitride and tantalum nitride deposited by plasma enhanced

CVD to a thickness of between about 50 Angstroms and 200

Angstroms.

i

- Referring now to Fig. 14, the silicon nitride layer 72
is etched away. The silicon nitride etch is preferably a
wet etch comprising a chemistry of H3PO, (phosphoric acid)
at a temperature of between about 120 degrees C and 180
degrees C. The barrier layer 108 overlying the silicon
nitride layer 72 of the temporary gate is alsc removed.

The barrier layer 108 remains overlying the substrate 60 in
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Angstrorts. Referring nowto Fig. 14, the silicon nitride layer 72 i3}g APR 2004
et ched away. The silicon nitride etch is preferably a wet etch conprising

a chem stry of H3PO4 (phosphoric acid) at a tenperature of between about

120 degrees C and 180 degrees C. The barrier |ayer 108 overlying the

silicon nitride layer 72 of the tenporary gate is also renoved. The .

barrier |myefgal@8 aresasi NSBPWwedd A0 uhite 1SHBSEF aliRe B Adt48nl o9 APR 2004
non-gate areas. By waiting until after the formation of the MOSFET sources

and drai rsheammbssipdewdlikcepaged il nls0 ankeIPYS A NE §aldetangRi LLi de | ayer 72,
the present invention insures that the subsequent processing to finish the

gate, drainhveaRtheSQul ¢80k ORNNECTdeV i1ty ccan,bey pecommld.shed Wit hout
additional dry etching at the soJ?cg'gnd ra}n reglorl?'St gﬂg???g?ﬁ 60

surface. jHuge3eh¥ugs tRePEQY 1uﬁﬂﬁg&%%§§£%ngaﬂ?%gxﬁsiu%ﬁﬁa§ate

m crotrenching. Referring now to Fi eco netal Tayer 112 is
deposi t ed,quel | hadsbiecbatdhalodianer, 108 (Ihe.cqeand, aetal Layer 112 may
be conposed of titanium titanium arloys, al Ui nam— -2 un1nuﬁ15 | oys,

tungsten,d4ngshen adl! O¥eni£PRR®tne2koG2BRe P! LS LIRS etal ey be

substrate 60 surface. This serves to prevent additional

damage, such as microtrenching.

rReferring now to Fig. 15, a second metal layer 112 is
deposited overlying the barrier layer 108. The Second
metal layer 112 may be composed of titanium, titanium
alloys, aluminum, aluminum alloys, tungsten, tungsten
alloys, copperf or copper alloys. The metal may be
deposited using PVD or CVD. In the preférred embodimént;
the second metal layer 112 is.deposited to a thickness of
between about 1,000 Angstroms and 1,500 Angstroms. In the
g ? preferred embodiment, the second metal layer 112 is
comprised, for example of a stack of titanium nitride
overlying tungsten or of a stack of tantalum nitride

overlying copper.

Referring now to Fig. 16, another important part of

the present invention is described. The second metal layer
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. - ' 1 : - - |
deposited using PVD or CVD. In the preferred enbodi nent, the second neta
IaSér.llz is dgposited to a thickness of between about 1,000 Angst rid@rAP&nains
1, 500 Angstrons. In the preferred enbodinent, the second netal |ayer 112
is conprised, for exanple of a stack of titaniumnitride overlying
tungsten or of a stack of tantalumnitride overlying copper. Rgferr!ggdnow
to Fig. 1612apet ; RO RLA r f,. the present iLnvention is descri .
The sgcond net alﬁlg%/er ZéCtolgE,%\g 512)(841:?129%%36&%gieﬁll\;?glzlté?“@gltpe tpﬁ
surfaces thes sid I e onpl ete the s by formng
pernanentgﬁgate% frg%?tﬁgmﬁg%%oég?ﬁé%égggé %gngofﬁl?%rﬁﬁ%%ﬁﬁ%ﬁ%lve

connectio r nd_drain junctions. The polishing step is
perfornedaﬁg%ﬁgf€§%3%%E%%P Rar T Eh&hi Thl 2NSetRafPEAl cudHiveg (CMP) process

: : _ . ; I

sel ective I iS_ste th dvant age of form ng the sidewa

spacers Biéﬁﬁéggﬁg%%)t%o%ﬁ?nao?ﬁ£é§¥5§ﬁ§“ﬂ§&éPnFéy%@Silzmb%cones clear. No

et chi ng 4 di5i %%ssatg,'beﬁause the sidewall spacers 84 separate and
e

electric e Thé sBebhurhed atsingy ér conyont fprshtchemiweth t he

i . ions. Referring nowto Fig. 17, second netal
Fg;;?eilgﬁéééan%gi %%HESBEQQ (CMP) processgselective to metal. 1In

this step, the advantage of forming the sidewall spacers 84
prior to forming the second metal layer 112 becomes clear,

No etching step is necessary, because the sidewall spacers

1 i
-

84 separate and electrically isolate the second metal layer

112 in contact with the source, drain, and gate regions.

Referring now to Fig. 17, second metal layer 112 and

ﬁhe barrier 108 are etched through where not protected by a
mask, which is not shown, to form separate conductive
connections. This etching step is performed using
conventional etching techniques. Although an etching step

3 ? is performed, it does not create additional microtrenching
problems or substrate damage because the etching line is
over the isolation regions 62 and not over the shallow

junctions 80 and 88.

An intermetal dielectric layer 116 is deposited

overlying the MOSFETs, the substrate 60, and the isolaticn
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the barrier 108 are etched through where not protected by a nask, WQ%Q?RHﬁm
not shown, to form separate conductive connections. This etching st¥p’is
performed using conventional etching techniques. Al though an etching step
is perfornmed, it does not create additional mcrotrenching problens or
substrat e danage because the etching line is over the isolation regions 62
and not over. thesihalhgg/,%unctions 80 and 88. An internetal dielectric

| ayer 116 9% “@&posite VT TiSqt 19e eveskETs, laver ddiSsteat Be6Bny and t he
i sol ation é %9 APR 2004 regions 62. The internetal dielectric |ayer 116
may be ay S5F $&veFSPVEBhVEM T Jirderiater Fapas Hegrbdint egnypntdaveht i onal
techniques. .In the preferred enbodinent, the intermetal dielectric |ayer
116 is coOmfoLequss si FRcbhc dresd arreddepbsiiventy YRCVDLeRaEERLI Ng now t O
Fi g. 18,d;h internetal dielectric layer 116 is etched through, where not
prot ect e %%i%§t§&§k}ayﬁﬁi%ﬁ6i%ﬁrﬁﬂmRﬂﬂ@WnPftéllh@mseﬁamddwetaI | ayer 112, to
form contact openings to the gates and to the conductive connections for
the sour EPoRAdedr BYnBPC¥third netal layer 120 is conventional |y
deposited overlying the
Referring now to Fig. 18, the intermetal dielectric

layer 116 is etched through, where not protected by a mask,
{m% which 1s not shown, to the second metal layer 1312, to form
contact openings to the gates and to the conductive
connections for the sources and drains. A third metal
iayer 120 is conventionally deposited overlying the
intermetal dielectric layer 96 and filling the contact
openings. The third metal layer 120 is etched through to
the top surface of the intermetal dielectric layer 116 to
form separate metal interconnects. A passivation layer 124
of plasma-enhanced, CVD silicon nitride is deposited
overlying the metal interconnects and the intermetal

dielectric layer 116, and the integrated circuit is

completed.

The advantage of the present invention as shown in the
second preferred embodiment can now be seen. As described

above, the novel process sequence, and particularly the use
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intermet-al dielectric layer 96 and filling the contact openings. The thirg
nmetal |ayer 120 is etched through to the top surface of the i nt er (73 APR 2004
dielectric layer 116 to formseparate netal interconnects. A passivation

| ayer 124 of plasma-enhanced, CVD silicon nitride is deposited overlying
the metal interconnects and the internetal dielectric |layer 116, and the

i ntegrated Qﬁ&;gﬁtﬁis conpl eted. The advantage of the present ihvention as
shown i n $héMis&Cod@TPr ERer T W Sisodl MERd nc sANRYYVE msseardusesdescri bed
above, thq}n%ﬁﬁ{ process sequence, and particularly the use 28 19 APR 2004
of OWP t o Tormrelestr 68 Bl Thidiat iosneécmienet rewchesed 6.t &£l akel i hood of
the formation of mcrotrenches 76. If a mcrotrench 76 does form however,
“a metal SHiKRETEHFFENIPt doepnER TR oRamEviernod nekal tspiwe amsesbbra barri er

| ayer 108 over the source and drain regions will prevent a netal short

fr om occF1HG19n vdddi pPBnres ke netThle cort atta phamgsidroatybe 308rce and -
drain regions raise the level of the internetal dielectric |ayer 96
contact GPEH féceeRrcThendtdteideptdyions wibht prevntiact mepeni ngs for the

source and drain is
short from occurring.

In addition, the metal contact plugs for the source

and drain regions raise the level of the intermetal

Vi

dielectric layer 96 contact opening etch. The etch depth
to create contact openings for the source and drain is
essentially the same as that for the gate. Consequently,
the present inventidn creates a preferred etching topology

that is easier to manufacture.

As disclesed in the preferred embodiments, the present
invention provides a very manufacturable process for
fabricating shallow junction MOSFETs with either
polysilicon or metal gates that eliminates junction spikes
and shorts in the manufacfure of integrated circuit

devices.

While the invention has been particularly shown and

described with reference to the preferred embodiments
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essentially the same as that for the gate. Consequently, the present
invenhtion creates a preferred etching topology that is easier to 38 APR 2004
nmanuf act yre. As disclosed in the preferred enbodi nents, the present
invention provides a very manufacturable process for fabricating shallow
junction MOSFETs with either polysilicon or netal gates that elimnates

junction gRiARs arpdysher [ nufacture of. integrated circuit
devices. Wile the igvent}it’%ndrwaés eteogﬁj %gr ﬁ]%ﬁaa? VHsown SR8 2Bescri bed
wi th ref ergnce 9 the red enbodi ts 29 ,19 APR 2004 thereof, it
will be understood Eyd?%%g% SJ%I e iaﬁgfﬂggajrfs B HatPsv 88P6us changes in
form and (S magde i,.t hout, departing fromthe spirit and scope
of the |“ﬁ\e}:té%tulltor?%§69§r_l %ﬂ'%ﬁs@ﬂﬂﬁ%mis RfetHodP6f forni ng MOSFET
transistqrg dn.the fabrication of an integrated circuit device conprising:
.y nve l10I1. . . .
provi ding a gate oxide |ayer overlying a .semn conductor
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substrate; 5 depositing a first el ectrode | ayer overlying said gate gampgezﬂm
layer;” depositing a silicon nitride |layer overlying said first elettTode

| ayer; patterning said silicon nitride |ayer and said first 10 el ectrode
to formtenpoimdsy gates for planned said MOSFET transistors; inplanting

ions into said rate_tqo formli | y doped drain regions wherein said

t enpor ary ggfesﬁg&c%t%lgg Ol‘frr%?ﬁrm’??}d\!"%&tﬁg;trfgSFBFWF“hgmsitgﬁwalI spacers

adj acent togs |r9 L mpor ary q1at es and overlying a part-of said lightly
‘doped drai n~régid Js,ni%IaePnt TG IF8hed; mtoe el Jevdbst FarRriwid%Y m heavil y
doped junctions to conplete source and drain junctions for 20 said planned
MOSFET transi st OPE?V{%%?% B CeCERPRglavRy Hrd vdngi aofent eondieciayer ;
depositing a second el ectrode | ayer overlying said substrate, said

si dewal | spﬁBEFEFa%%‘d said first electrode layer; and 31 19 APR 2004

5 depositing a first electrode layef overlying said gate
oxide laver; |
depositing a silicon nitride layer overlyiﬁg said
first electrode layer;
patterning said silicon nitride layef and salid first

10 electrode to form temporary gates for planned said MOSFET

transistors; 7 |

implanting iohs intc said substrate to form lightly
doped drain régions wherein said temporary gates act as
impianting masks;

15 forming sidewall spacers adjacent to said temporary
gates and overlying a part of said lightly doped drain
regions; |

£ implanting ions into said substrate to form heavily

doped junctions to complete source and drain junctions for
20 said planned MOSFET transistors;
thereafter etching away said silicon nitride layer;
depositing a second electrode layer overlying said
substrate, said sidewall spacers, and séid first electrode

layer; and
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25 polishing down said second el ectrode | ayer to below the top surf gegpl.\pf
sai d si dewal | spacers to conplete said MOSFET transistors by form , 2004
per manent gates fromsaid tenporary gates, and to form conductive
connections overlying said source and drain junctions. 2. The nethod
according to Claim1 wherein said first electrode |ayer conprises one of

the gréap contai pehishimpldesinl sadd, séddedidiBctiriohani 8oz al § OYs1 ) um num

al um num al | oys, tungsten, tungsten alloys, copper, copper alloys,

titani um ni thedeopveut fidg LENGat8Ns1 @Mk tIANGAIMINLLT LGSR, 1 OVeTd %iNg
copper. 3. The nethod according to Claim1l wherein said Tirst electrode

| ayer is deposFEEd:tent dthirakBos ool ndERMAROYL: 500 ARgSi Qs and 1, 500

Angstroms. 4. The method according to Caim1 whefein sa icon nitride

| ayer is depespoesiry qyrdd)i akness of-Petyeanakau ‘ troms and 1,500
Angstrons. 5. The nethod accordi ng tJ(::) Cam1l \?%e%:g?rggggfg sidewal | spacers

conpri se sibv&eny dh@xd @ s34rch- a; @edf‘ﬂrhcﬁ aggarding to daim1l wherein
sai d second el ectrode | ayer conprises one -of the gfoup containing:
2. The method according to Claim 1 wherein said first
electrode layer comprisés one of the gioup containing:
{i@ polysilicon, titanium, titanium alloys, aluminum, aluminum
a;loys, tungsten, tungsten alloys, copper, copper alloys,
5 titanium nitride overlying tungsten, and tantalum nitride

overlying copper.

3. The method according to Claim 1 wherein said
first electrode layer is deposited to a thickness of

between about 500 Angstroms and 1,500 Angstroms.

4. The method according to Claim 1 wherein said silicon
nitride layer is deposited to a thickness of between about

500 Angstroms and 1,500 Angstroms.

5. The method according to Claim 1 wherein said sidewall

Spacers comprise silicon dioxide.
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polysili'con, titanium titaniumalloys, alumnum alumnum alloys, 49 APR 2004 -
_tungsten, tungsten alloys, copper, .copper alloys, ‘5 titaniumnitride o
overlying tungsten, and tantalum nitride overlying copper. 7. The nethod
according to Caim1 wherein. said 'second electrode |ayer is deposited to

a t'hickness_ of .between about 1,000 Angstrons and 1,500 Angstrons. 8. The
met hod accotdi'if t5ters artowphineitp $diadrcdndbetéie sciahieeidnans over | yi ng
sai d source ‘and -drain junctions prevent junction spiking. 9. The nethod
accordi ng t¥t]Fianel Lalierefampal sk jarst cdndhesgcons @rectinadg:| ayers

conprise polysilicon further conprising formng a silicide t-ayer overlying
sai d seconPolgisEdticote kayeniafit aritsaiicins bepogk, polushivrg dowmisakd second:
el ectrode layer. 10. The nethod according-to Claim'l wherein said first

and 33 19 APR®DG04 tsagehdnel ectgsdm layens, eopper Sedppedl sand wherein a
barrier Tayer is formed overlying said sem conductor substrate E)e_f ore.

sai d step ofitetrdhimngiaways savel i anagrickhi dend ayalea 1l nike;Aet hod
according to Claim 10 wherein said barrier. _ .

o overlying copper.

7. The method acceording to Claim 1 wherein. said
. ' second electrode laYer is deposited-to a thickness of

O

. between zbout 1,000 Angstroms and 1,500 Angstroms.

8. Thé method according to Claim 1 wherein said conductive
connections overlying said source and drain junctions

prevent junction spiking.

9. The ﬁethod according to Claim I wherein said first and
second electrode layérs compfise polysilicon further
g'; -~ comprising forming a siliciderlayer overiying said second
1 electrode layer after said step of polishing down said

';\
5 second electrode layer.

10. The method according tec Claim™1 wherein said first and
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| ayer conpiises titaniumand titaniumnitride. 12. A method of  form ng

- MOSFET transistors in the

f .fabrication of an integrated circuit d
‘conprising: providing a gate oxide |ayer overlying a sen conductor

VY MR 2004

substrate; depositing a first polysili.con | ayer overlying said gate oxide
l ayer; depositing a silicon nitride |ayer overlying said first polysilicon

| ayer;

pat t eeeinTy eSaict reidki toye né tedngerisay eetandasdiwhdidist 5 - 10

~polysilicon layer to formtenporary gates for planned said MOSFET

transi st or syaimpmnitaiveg  iensoimk® Sodd ySubSErakesdm: dHdnddght |y doped
drain regions wherein said tenporary gates act inplanting rasks; 34 19 APR
2004 15-forsibyrsitdenalrtbrepases ssoslh agerk chengah & Jeipoy %Fj])dic%ﬂt es and

overlying a part of -said lightly doped drain "regions; inp

anting ions into

sai d sBbst rateride fler@-heavily doped junctions where said tenmporary gates

and said 20 sidewal | spacers act as masks for said inplanting and

A

10

11. The_method according to Claim 10 wherein said barrier

. layer :comprises titanium and titanium nitride.

12. A method of forming MOSFET transistors in the

fabrication of an integrated circuit device cdmprising:

providing a gate oxide layer overlying a semiconductor

substrate;
- dépositing a first polysilicon layer overlying said
gate“oxide layer;
depositing a silicon nitride lgyer overlying séid

first polysilicon lavyer;

patterning said silicon nitride layer and said first

‘' MOSFET transistors;
implanting ions into said substrate to form lightly
doped drain regions wherein said temporary gates act aé

implanting masks; -

. 34

polysilicon layer te form tempOrary'gates for planned said



wherein said heavily doped regions and said lightly doped * regi ons g%g%the
source and drain junctions for said planned MOSFET transi stors; H@ R s
etching away said silicon nitride layer; 25 depositing a second
polysilicon | ayer overlying said substrate, said sidewall spacers, and
said first polysilicon layer; and' polishing down said second pol ysi|icon
| ayer 19 bel ow I‘Edmlltn@pssdefdabhss;msfca&i agiadensl to spareren R 6Pl ete said
30 MOSFET transistors by form ng permanent gates fromsaid temporary gates,
and to forgaiructd veecdphagt 4 onsrt @RIF=MIANG : §AL Oy SPLE Hiad dr ai n _
junctions. 13. The nmethod according to Claim12 further conprisin formng
a silicide teyjemsverlying said second polysilicon |ayer;. depositing an
intermetal dielectric layer overlying 5 said MOSFET transistors, said

~semi conduct or suhgﬂmateng350£§*&£Q@4ﬁﬁ§i%%%Bk?gtéatg # LRk di el ectric .
layer to the top surface of said silicide layer to forn1contact openlngs to
sai d gat es duitbd Gjupaitd oBONANELL VEs ROMNSRIHARS LOf.saldy Sy ces and. drai ns;

20 sidewall spacers act as _masks for said implanting and

whéyein said heavily doped regions and said'lightly doped

regibns form the source and drain junctions for said
{5 planned MOSFET transistors; | A B
_} thereafter etching away.said silicon nitride layer;
25 depositing a.secoﬁd'polysiliéon layer overlying said
substrate, said sidewall spacers, and said first
_polysilicon layer; and’
polishing down said second polysilicon layer to below
the top surfaces of said si&ewall spacers to compleﬁe said
30 MOSFET transistors by forming permaﬁent gates_from said

temporary gates, and to form conductive connections

overlying said'source and drain junctions.

./,(.',J'\.‘
e

13. The method according to Claim 12 further comprising:
forming a silicide layer overlying said ;éFond -

polysilicén layer;

| depositing an.intermetal dielectric layer overlying

5 said MOSFET transistors, said semiconductor substrate;
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10" deposirting a metal layer overlying said internetal. dielectric | ayf% 2o
fitling said contact openings; patterning said netal |ayer to formseparate
metal interconnects; and depositing a passivation | ayer overlying said

nmetal U 15 interconnects and said internmetal dielectric layer to conplete.
fabrication of said integrated circuit device. 14. The met hod according to

d ai m 12 wher ei P&diarningr seigolysetnenn ldypaectsidepogd t ath el top

t hi ckness-of between about 500 Angstrons and -1, 500 Angstroms. 15.. The

- met hod accof#ifra o Csaiich $21nhedei Tagai doSifbir®OBon L IS 1348 S

- deposited to a thickness of between about 500 Angstroms and I, 500

Angst rons. 2%.d T aretenod tacsatdi oghdu-tGhvai toh3ewhes el nesaid s second

~polysilicon layer is deposited to a thickness of between about 1,000
Angstrons ambdceS0Gnahgstioss. 36 -
10 depositing a metal iayer oﬁerlyiﬁg'said‘intermetal
dielectric layer and fi;;iné said contact openings; -
.: patterning said metal layer to form separaﬁe metal
inteéconnects; and
depositing a passivation layer overlying said metal

15 _interConnects and said intermetal dielectric layer to

complete fabrication of said integrated circuit device.

14. The method according to Claim 12 wherein said

first polysilicon layer is deposited to a thickness of

between about 500 Angstroms and 1,500 Angstroms.

15. The method acc&rding to Claim 12 wherein said silicon
£ nitride layer is deposited to a thickness of between about

500 Angstroms and-1,500 Angstroms.
16. The method according to Claim 12 wherein said

second polysilicon layer is deposited to a thickness of

between about l,OOO'Angstroms_and 1,500 Angstroms.
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