A METHOD TO FORM SHALLOW JUNCTI ON TRANSI STORS WHI LE ELI M NATI NG SHORTS DUE
TO JUNCTI ON SPI KI NG BACKGROUND OF THE I NVENTION (1) Field of the Invention
The invention relates to a method of fabricating sem conductor structures,
and nore particularly, to the. formation of shallow junction MOSFETs with
a novel technique that elim nates shorts due to junction spiking. (2)
Description of the Prior Art The next generation of

el y use. shal Podlt HaRcePoECrACRRVER) THRIFIS drmianost 88tHEC ana
drain regions. Shallow junctions are herein defined as &unctions of less
than 0. 15 nlcronsEPﬁMEEB#ENGSﬁEﬂRT%n%?$dﬁ% BT S84 NGt 0 furt her reduce

MOSFET channel |engths and thus achieve greater packing densities and
swi tching speeds. r One problemencountered in the use of shallow junction
devices is that of junction spiking. It is typical in the art 1 to contact

met al conductor |ayers dif¢ctGRPIRY Ofe T8Er FHYENEEIONsubstrate junctions. It
is possible that nmetal will diffuse

(1) Field of the Invention

The invention relates to a method of fabricating
semiconductor 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 Prior Art

The next generation of metal-oxide-semiconductor field
effect transistor (MOSFET) devices will likely use shallow
junction technoleogy in the formation of source and drain
regions. Shallow junctions are herein defined as junctions of
less than 0.15 microns in depth. Such junctions are necessary
to further reduce MOSFET channel lengths and thus achieve
greater packing dengities and switching speeds.

)
One problem encountered in the use of shallow junction

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




into the bulk of the junction and forma spike. In the case of relatively
deep junctions, this spi ke does not necessarily pose a problem For
shal | ow junctions, however, this nmetal spike can be deep enough to short
across the junction into the substrate below. In addition, the use of
silicides to prevent netal spiking is not practical for shallow junctions.
The formation of silicide consunes part of the substrate during the anneal
process. In the case of sh | I ow junctions, the junction remaining after
the si FPcFEBERGFnEEFD u??ﬁﬁi%Q¥Q§ﬁhﬂHFFCtﬁﬁaEEeEF%b?%rf%ﬁﬁn?§n1 | eakage.
Referring to Fig., 1, a cross-section of a partially | eted prior art
i nt egr &% gtErEeUl ERFEIQRDWN. Tt i IHQEsibleubdetaretad wsl héiFfudesol ati on
regi ons, forned bY shallow trench isolation (STlI), are also shown 14. A
gat e oxfge Fagebulk gohakhe) ebmajrioun and deposit ediln. t hBn sthd sers®fof he
silicon substrate 10. A polysilicon layer 22 is deposited overlying the
gate oxedethizgéy deems]weoriviertsordlis mrtifke does RoRehecessmrily Mage 2, a
reactive ion etch (RIE) has been perforned to pattern the polysilicon
| ayer 22ptobfiemm t Fer gsitel 1at eptraaderfsqr hawplvarnetdhMOSkETaespdes daur i ng
the etch process,

be deep enough to short acrosse the junction into the substrate

below.

In addition, the use of gilicides to prevent metal spiking
is not practical for shallow junctions. The formation of
gsilicide consumes part of the substrate during the anneal
process. In the case of shallow junctions, the junction
remalning after the silicide formation will tend to exhibit

unacceptable junction leakage.

Referring to Fig. 1, a cross-section of a partially
completed prior art integrated circuit is shown., A sgilicon
substrate 10 is shown. Isolation regions, formed by shallow
trench isclation (8TI}, are also shown 14. A gate oxide layer
18 has been grown or deposited on the surface of the silicon
substrate 10. A peolysilicon layver 22 ig deposgsited overlying the

gate oxide layer 18 as conventional in the art.




an undesirable effect call mcrotrenching can sonetines occur. In

m crotrenchi ng, 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 18. Wen this occurs, a mcrotrench 26 can form The use of
brom ne- and oxygen- containing gases in the etch process can increase the
etch selectivity and reduce the likelihood of mcrotrenching. However,
this effect dges still ocecur for ultra-thin gate _dielectrics. Wen a

mi cr ot r ench*86°FEF8r iBdT 9t 95 %1??%&9376I3&8aFF8H fBFEL Ba% aP°§Rinct i on
spi ke to formin subsequent = processing. Referrlng to Fig. 3, the results
of fur PRELOPFELES H@ttaf—'rnt%e R oFs idricquodprers uépu?@rrar%h%rﬁ%ﬁ The
gate electrode, including sidewall spacers 38, has been fabricated.
Shal | O\ﬁlejcﬁﬁ@tiﬁoﬁgrhavlél%@@?ﬁf“@%’ﬁif Vet dsi ghﬂDMYldeébej ehek | PFRCST and
heavily doped junctions 34. An internmetal dielectric layer 42 was
deposi Bad uaddsetrehéd ebf¢or exbhtiEictr opesmiahgsg Aanesahet fmgerodd@imas
deposited to fill the contact openings and patterned to form
i nt er cdmnedrgotEenahiyg, aapassharatedreddy et tab@ wassdeposi t €lte tadgonpl et e
t he MOSFET structure. A netal spike 44 is shown formed in the junction
regi oncaf theheoMBEE col hgattetaid spirkkeedhlnay nhave &oenedrdaleing n part, to
through the gate oxide layer 18. When this cccurs, a
microtrench 26 can form., The use of bromine- and oxygen-
containing gases in the etch process can increase the etch
selectivity and reduce the likelihood of microtrenching.
However, this effect doeg still occur for ultra-thin gate
dielectrics. When a microtrench 26 is formed, it is a likely

location for a metal junction spike teo form in subsequent

processing.

Referring to Fig. 3, the results of further processing of
the prior art MOSFET structure are shown. The gate electrode,
including sidewall spacers 28, 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 interconnects. Finally, a passivation laver

50 was deposited to complete the MOSFET structure.




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 shallow junction and into the wunderlying 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 nethods
to formgate, 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 nethod to formself-aligned, ion inplanted channel regions in MOSFETs
follow ng.the forpmati on of source and drain regions. A sacrificial
pol ysi | i conPgBféal sspokaett ahwl sheeh fTammsdednt ¢hepannehiorhbemedn rafyi on f or
i npl antation. Chenical mechanical polishing is used to define the gate
el ect r 6@ MPERET . seEhadnporly sspikont depasitaven foum8d Pacenin BrT86,1255 to
Yeh et al teaches a process to forma MOSFET where the polysilicon contact
| ayer fbee efiersoantiéonad diareotresytlons fistdek fedmbyha gheai €ath nechani cal
polish. The gate and isolation regions are fornmed in a silicon nitride
| ayer twshap orhby bshet cheshawayrlieo deaae ddikegdkesabdni 80l Bsivon regi ons 4
above the surface of the silicon substrate. U S. Patent

penetrated entirely through the shallow 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 to form gate,
source, or drain electrodes using polysilicon and chemical
mechanical polish technigques. U.S., Patent 5,856,225 to Lee et
al discloses a method to form self-aligned, ion implanted
channel regions in MOSFETs following 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
is defined by a chemical mechanical polish. The gate and
isolation regions are formed in a gilicon nitride layer that

then is etched away to leave the gate and isolation regions




5,674,774 to Pasch et al discloses a nethod to define source and drain
renote polysilicon contacts by chem cal nechanical polishing of a
polysilicon layer. U S. Patent 5,6767,005 to Doan et al teaches a process
to formfloating gates for EEPROVs using a chem cal nechanical polish of
the polysilicon layer. U S. Patent 5,447,874 to Givna et al discloses a
process to forma dual netal gate. SUVWWARY OF THE | NVENTI ON A princi pa

obj ect @f th resent inventjon is,to prqvide an effective and very
manuf a@t%t?r aeb:%g%mss%l g ©6t © a%#‘?c”fﬁfh P sh Slt&ﬁﬁeuncﬁi'gn k’/%%ﬁgs in the
manuf acture qQf integrated circuyjts, A further aobject of the present
invent%ﬁ%%ﬁsggé 5Pogﬁﬁgﬁaetwﬁ[ﬁﬁf?%???ﬂwﬁ6%¥%K§M§PI FORCEPBRCRBEETS i n
whi ch %G%igﬁte el ectrodes, are conprised of polysilicon. A yet further
obj ect & SPPEEeRPLY AYBRE PR CPRL 3 S i eMigabeiREG2RECRADI i cat e
shal  ow j unction MOSFETs in which the gate electrodes are conprised of
pol ysi BEdFdRg PA ahPehyfblifon Jawriki o $hi Bakgnits SellF /i RAE e byoan
contacting the source and drain junctions with polysilicon instead of
met al . eAngtlhéeagbest ar pheredd| eet Lofm tHeoghiexe gatiesy énti BEPRGMS gusing

a chemical mechanical polish of the polysilicon layer. 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

circuilts.

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.

A yvet 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



provide a nethod to fabricate shallow junction MOSFETs in which the gate
el ectrodes are conprised of polysilicon and in which netal junction
spiking is elimnated by reducing the thickness of the polysilicon gate
| ayer and thereby reducing the |Ilikelihood of microtrenching during the
pol ysilicon etch. Another further object of the present invention is to
provide a nethod to fabricate shallow junction MOSFETs in which the gate
el ectrodes .are cogFrised of _netal. other still further object_of the

pr esent) THVERE GRS 0" S pF bV S heth PG admei EREeSSHEFR oW Funct i on
MOSFETs, in which  netal junction spiking is elimnated by constructing the
gate &r&cey dd@é’téf’nﬁe‘ﬂé{:haﬂ‘awm%ﬁﬁ}l eaharst idfgMFtétot renchi ng due to
the polysilicon etch. Another further object of the present invention is to
provide a nmethod to fabricate MOSFETs with inproved topology across the
drain, source and gate so that the internetal dielectric coverage and
cont act et cRngtéeyaretefsrehrer eobieee cof ddc @rwisentt havebreensisfte hi s
invention, a new nethod of fabricating shallow junction MOSFETs has been
achi evedovAdeubstmeahedi sopfavt texk ev ghimlilspt guinot icegMOABETsepare@iiciy acti ve
device areas. A gate oxide |ayer is grown

the gate electrodes are comprigsed of polysilicon and in which

metal junction spiking is eliminated by reducing the thickness

of the polysilicon gate layer and thereby reducing the

likelihood of microtrenching during the polysilicon etch.

Another further object of the present invention ig 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.

Another further object of the pregent invention is to
provide a method to fabricate MOSFETs with improved topology
across the drain, source and gate so that the intermetal

dielectric coverage and contact etch are made eagier.




overlying the substrate. A first polysilicon |ayer is deposited overlying
the gate oxide layer. A silicon nitride |layer is deposited overlying the
first polysilicon layer. The silicon nitride layer and the first
polysilicon |layer are patterned to formtenporary gates for planned
MOSFETs. lons are inplanted into the substrate to formlightly doped
junctions where the tenporary gates and the isolation regions act as

i npl anting masks. A spacer |layer is deposited overlying the gate oxide

| ayer and the tenporary gates. The spacer |ayer and the gate oxide |ayer
are anisotrogicalIgdetched,to form sjdewal | spacers adjacent to the

tenporary gate8°5REdaNer| Yy BPopaRissts v thighiryeabped: j arkeY ons. |ons
porary gat e . edr | Ul
are inplanted into the substrate to form heavily doged unctions where the
t enpor &E} 1G4t 88, feheicat Hamasha kst ergictdmg MRSFESS heFohee®gi ons act as
masks for the inplant and where the heavily doped regions and lightly
doped 3CEGEFRS-f ofnPrhetsake ces @bt Wikkctisodstion réeiphanned
MOSFETs. The silicon nitride |ayer is etched away. A second polysilicon
| ayer iesraeposhgedcoves| génice hereadst ratgstet baidsi deyeal| ispacers, and the
first polysilicon layer. The second 7 polysilicon |ayer is polished to
bel ow blrerflgpnguthacesbefrite. A dowald wAgedlscba tappreie ddeodMPKETS by
form ng per manent

overlying the gate oxide layer. A silicon nitride layer is

deposited overlying the first polysilicon layer. The silicon

nitride layer and the first polysilicon layer 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 spacer 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 junctioms. Ions are implanted into the substrate

to form heavily doped junctions where the temporary gates, the

sidewall spacers, and the isolation regions act as masks for the

implant and where the heavily doped regions and lightly doped

regions form the source and drain junctionsg for the planned

MOSFETs. The silicon nitride layer is etched away. A second

polysilicon layer is deposited overlying the substrate, the

sidewall spacers, and the first polysilicon layer. The second



gates fromthe tenporary gates, and to form conductive connections to the
source and drain junctions. lons are inplanted into the second polysilicon
| ayer. A silicide layer is forned overlying the surface of the second
polysilicon layer. The silicide |ayer and second polysilicon |ayer are
patterned to form separate conductive connections. An internetal
dielectric layer is deposited overlying the MOSFETs, the substrate, and

the isaqlati.on regions. The internetal dielectric |ayer is patierned to
forn1c§ﬁ9§gﬁgéﬁgﬁi a¥efol?h%°gﬁ%@%?éﬁﬂkFﬂ‘Phgﬁﬁb%8Bc¥P§EaC% niections for
t he sour.ces d drains. A netal layer is deposited overlying the

i nt er mEtECYAIL| ERRFFES| B eFOHALFS | 15 JIOSHES <c St dermepenPRERaN e net al

| ayer is patterned to form separate netal interconnects. A passivation
| ayer 98t@EpSEPTeBheotRFPYTREY tFRE Rt ANd e fedHneeRgugREvVEhe i nt er net al
dielectric layer, and the integrated circuit is conpleted. Also in -
accor derBacgititAnehecobhectsupte tand dypdentiiveetignsnewlarshade of fabricating
shal I ow junction MOSFETs has been achieved. A substrate is provided with
i sol at Loplragednsntsephe ate¢rndq@oiesidevdare layeas. A galecode deayayer i s
grown overlying the substrate. A first netal layer is deposited overlying
t he gatie deirded| ayerlyfngitheosumidad def tAyersecend polysilicon layer.

The silicide layer and second polysilicon layer are patterned to

form separate conductive connections. 2aAn intermetal dielectric

layer is deposited overlying 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 metal laver 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 is deposited

overlying the metal interconnects and the intermetal dielectric

layer, and the integrated circuit is completed.

Also in accordance with the objects of this invention, a
new method of fabricating shallow junction MOSFETs has been
achieved. A substrate is provided with isolation regions
separating active device areas. A gate oxide layer is grown
overlying the substrate. A first metal layer is deposited

overlying the gate oxide layer. A silicon nitride layer is



deposited overlying the first netal layer. The silicon nitride I|ayer and
the first nmetal |ayer are patterned to formtenporary gates for planned
MOSFETs. lons are inplanted into the substrate to formlightly doped
junctions where the tenporary gates and the isolation regions act as

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

| ayer and the tenporary gates. The spacer |ayer and the gate oxide | ayer

are anjsotr.opicall etcheg to_formsidewal | spacers adjacent to the
Lempor 415 ALES SNE-GVATPyHG GLPAT (VUT=1 REYTgnt 1950 BpAd LR FIRG. | ons
are inml anted int t?e substrate to form heavily doped junctions where the
terrpo%ed:a[aé’é Phe dFFEVAPTFAL shRCRF Arampiifgtieshtat TR BETBREAEET as
masks for the inplant and where the heavily doped regions and lightly
doped rEfihEo SLArPRE YOEFEES andl etwiarg unttliagsdf dRtehehpl anned MOSFETS.
A barrier layer is deposited overlying the substrate and the silicon
ni tri deuRgfaiateThe $prmcdhghily i deredyrndtsiansc berawshpe sbopgraryh the
barrier |ayer that overlies the silicon nitride. A second netal layer is
deposi @ed-csveridyichg thelbhieheredbyms actt s singdwaltlingpmeeks, ahd the first
nmetal |ayer. The second netal |layer is polished to below the top surface
of the sgiadewalllayespacedspbaicedpbetel tirey MUEFGEs ebhyxfideni agepesn@ngnt gat es
from the tenporary gates, and to form conductive connections to 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 regions act as masks for the implant

and where the heavily doped regions and lightly doped regions

form the source and drain junctions for the planned MOSFETs. A

barrier layer is deposited overlying the substrate and the

silicon nitride layer. The silicon nitride layer is etched away

along with the barrier layer that overlies the silicon nitride.

A second metal layer is deposited overlying the barrier layer,

the sidewall spacers, and the first metal layer. The second

metal layer is polished to below the top surface of the sidewall

spacers to complete the MOSFETs by forming permanent gates from

the temporary gates, and to form conductive connectionsg to the

source and drain junctions. The second metal layer is patterned

to form separate conductive connections. An intermetal




source and drain junctions. The second netal |ayer is patterned to form
separate conductive connections. An internetal 9 dielectric layer is
deposited overlying the MOSFETs, the substrate, and the isolation regions.
The internetal dielectric layer is patterned to form contact openings to
the gates and to the conductive connections for the sources and drains. A
third netal layer is deposited overlying the internetal dielectric |ayer
and fill.i he contact ,openings. The third metal |ayer patterned to form
separeﬂ%%%ﬁ%? ran?@V@Snﬁ@cggpogFE% STV IO 15 MOP EE@poE%Fed overl yi ng
the netal interconnects and the, internmetal dielectric |layer, and the

i nt egr &8 TAECui 81Fs EheokpP L kiR BrEEFOTESCAINET IO etretRE BRAVERESG n t he
acconpanying drawings formng a material part of this description, there is
shown: IEY§E if PREGEERSS Sehbaani ¢altsct |Inmtimase tion theogstsacaidnto
partially conpleted prior art shallow junction MOSPETs in an integrated

ci r cui tthgewopdluckilys. cannpaeblghs 7fee Hdmtdoaides jsndudirrane . i nActrlobed
sectional representation preferred enbodi mnents of the present invention
used t oeftedmlslyslrl 0w fencsivad MOBREERSIng the intermetal dielectric

layer and filling the contact openings. The third metal layer
patterned to form separate metal interconnects. A passivation
layer is deposited overlying the metal interconnects and the
intermetal dielectric layer, and the integrated circuit is

completed.

BRIEF DESCRIPTION OF THE DRAWINGS

In the accompanying drawings forming a material part of

this degcription, there is shown:

Figs. 1 through 3 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.

10




10 Figs. 8 through 13 schematically illustrate in cross- sectional
representation a first preferred enbodi nent of the present invention used
to formshallow junction polysilicon gate MOSFETs. Figs. 14 through 18
schematically illustrate in cross- sectional representation a second
preferred enbodi nent of the present invention used to form shall ow
junction netal gate MOSFETs. DESCRI PTI ON OF THE PREFERRED EMBCODI MENTS The
present invention is disclosed as two preferred enbodinents. First, the
present invention is used to create shallow junction MOSFETs with

pol ysilicon _gate el ectrodes Second., the present invention is used to
create shaH%%ﬁﬁllc?'5ﬁugEC%%E?§ﬁﬁT?Elﬂ%?5f B Et tEdESOSRef erring now
nore particularly to Fig, 4, there is illustrated a cross section of a
partieﬂﬁ%??ﬁﬂﬂﬁle%gﬁrFﬁFgﬁﬁﬁﬁﬁﬂ achHESE tPERVA IS ATRCddRSEEaPE BDei s
preferably composed of nonocrystalline silicon. Shallow trench isolations
(STI) EXFRLLLNYERTERT BAGEI §Of bPRBdSIML 9w utdioa @odys=adigoneante of
separag&g&igptive devi ce areas. Local oxidation of silicon

s5.

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.

DESCRIPTION OF THE PREFERRED EMBODIMENTS

The present invention is disclosed as two preferred
embodiments. First, the present invention is used to create
shallow junction MOSFETs with polysilicon gate electrodes.
Second, the present invention is used to create shallow junction

MOSFETs with metal gate electrodes.

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 (STI) 62 are

11



(LOCOS) could al so be used to create the isolation regions. A gate oxide

| ayer 64 is forned overlying the silicon substrate 60. The gate oxide

| ayer 64 may be formed by thermal oxidation of the substrate 60 or by
chem cal vapor deposition (CVD). A first polysilicon |ayer 68 is deposited
overlying the gate oxide |layer 64. The first polysilicon |ayer 68 can be
deposited using any of a variety of CVD nethods. The first polysilicon

| ayer 68 may  he deposited yndoped and then inplanted to reduce resistivity.
The fi ret porvERE Egnfpgg?siﬁ 50 ﬁé‘?f At %tr%epgﬁsp‘% £&d 2uTEATSi ASi tu doping. In
the preferred . enbodinent, the first paolysilicon |Iagyer is deposited by |ow
preSSL”§§3ﬁﬁ§%%Eﬂ acFAKEr G8EHOSI FFOHE (L 1 9%%9%?%98n0ﬁiﬁﬂigﬁoPayer 72 is
deposited overlying the first polysilicon |ayer 68. The silicon nitride

| ayer i@’%@éﬁs'ct%é’&%i Alsg PPCUErPr bR esisatthdhchiitedesdes srainpBasti rat
polysilicon layer 68 and the silicon nitride |layer 72 are inportant

f eat ur SBT6F oxikle flpyer EAbbdE| hehnedfotemrl pimss dite isdvérPRroAubFhEaE®NDI ned

t hi ckness of the first polysilicon |layer 68 and the silicon nitride |ayer
72 wil 160%cr edthe gasef Pprabet hirkness iy thre WMESRET bygahermBy prtdadion a
silicon nitride layer 72, that will 12 ultimtely be etched away and

repl aced witieh sapsaddi-ei 6fabr by chemical vapor deposition (CVD).

A first polysilicon layer 68 is deposited overlying the
gate oxide layer 64. The first polysilicon layer 68 can be
deposited using any of a variety of CVD methods. The first
polysilicon layer 68 may be deposited undoped and then implanted
to reduce resistivity. The first polysilicon layer 60 may also
deposited using insitu doping. In the preferred embodiment, the
first polysilicon layer is deposited by low pressure chemical

vapor deposition (LPCVD) .

A silicon nitride layer 72 is deposited overlying the first
pelysilicon layer 68. The silicon nitride layer is deposgited 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

12



polysilicon |layer, the thickness of the first polysilicon | ayer 68 may be

reduced while still maintaining the overall gate thickness desired in the

final MOSFET structure. Reducing the thickness of the first polysilicon

| ayer 68 is key to reducing the frequency of occurrence of m crotrenches.

In the preferred enbodinent, the first polysilicon |ayer 68 is deposited

to a thickness of between about 500 Angstrons and 1,500 Angstrons. The
i,s deposited to a thickness of , between about 500

silicon nitride |ayer 7 _
Angstrcﬂ#}ﬁﬂﬂ§éi?5gé ﬁﬁ&ﬁ?poﬁ¥§ RPRr FERLA TR WiFFiag: a8191ER8R&1 | i con nitri de
| ayer 72 and . the first polysilicon |layer are etched through where not
pr ot ectRY W5 14 SrEs R YRR c hbP st RLERRESILT tide drikstte MOV ER ) LgaResaYEBr
pl anned MOSFETs. The gates are ternmed tenporary, because, during the
subseqféht™at Beesiingest ¥pslet feik] MBI HiniNHehey gyerat2 @PEE be renoved
and replaced wth additional polysilicon. The etch is perfornmed using
ei t her B idaessy deisdmedeinhthy {RTE) YPITEE sStoruciupet. eRefucingr eher r ed
reactive ion etch process for this step conprises SF6 and 02 or HBr, SF6,
and 02.thA ghrefeer oéd tivet fétreh pohpsibkisoHIR@E A @sosphéelc tacirdfiucAsg not ed
earlier, the use of the silicon nitride layer 72 to fill out the total
t hi ckneds direduengat efabbouwsréheefdf shicrotrenches. In the preferred
embodiment, the first polysilicon layer 68 is deposited to a
thickness of between about 500 Angstroms and 1,500 Angstroms.
The silicon nitride layer 72 is deposited to a thickness of

between about 500 Angstroms and 1,500 Angstroms.

Referring now to Fig. 5, the silicon nitride layer 72 and
the first polysilicon layer 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 subsequent processing steps, the gsilicon 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 SFg; and 0, or HBr, SFs, and

0;. A preferred wet etch comprises H;PO, (phosphoric acid).

As noted earlier, the use of the sgilicon nitride layer 72

to £ill out the total thickness of the gate allows the first
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13 polysilicon layer 68 to be thinner than in the conventional art. During
the polysilicon etch, it is still possible for mcrotrenches 76 to occur.
However, because the first polysilicon layer 68 is thinner, fewer

m crotrenches will occur in practice. This feature of the present
invention will reduce the yield | oss due to netal spike through

m crotrenches. Referring nowto Fig. 6, ions are inplanted into the
substrate to _formlightly doped junctions 80 where the tenporary gates,
conpr i ¥ Y6 1Fensilpiyesntfi £pi de thimrewy Xhavd ithébii conveptligailizon. | ayer
68, and the isolation regions act as inplanting masks. The lightly doped
juncti dhyigy tthgs phévaedicaneesehf -4t i ezt 113 tdomsMBSEETogat es. The ion

i nplantation is perfornmed conventionally using an inplant species of

ei t her iRecroAgegeh8s 86 an ocophant Hoseraf, betoseer abeuritxt014 atons/ CMVR2
and 1x1015 atons/cnR and an energy of between about 20 KeV and 80 KeV.
Ref er r iped yedWikenFilgye¥, 68i tewahlnspac efsvddd rdreeoteenvasati enal | yocder ned.
The sidewal| spacers are preferably conposed of silicon dioxide that is

ani sot riepipgalciy cet. chetdi bofehonre the sidewalderipaceenc8dnadi aceptateet he
temporary gates and overlying a part of the lightly doped junctions 80. 14

the yield loss due to metal spike through microtrenches.

Referring now to Fig. 6, iong are implanted into the
substrate to form lightly doped junctions 80 where the temporary
gates, comprised of the silicon nitride layer 72 and the first
polysilicon layer 68, and the isolation regions act as
implanting masks. The lightly doped 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

1x10"® atoms/cm® and an energy of between about 20 KeV and 80 KeV.

Referring now to Fig. 7, sidewall gpacers 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.
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After the sidewall spacers 84 are forned, ions are inplanted into the
substrate 60 to form heavily doped junctions 88 where the tenporary gates,
the sidewall spacers 84, and the isolation regions 62 act as masks for the
i npl antation and where the heavily doped regions 88 and the lightly doped
regions 80 formthe source and drain junctions for the planned MOSFETS.
The ion inplantation is perfornmed conventionally using an inplant species

of either P, ) Sh. an. i | ant dose of between ,about 1x1015 at ons/cn?
and 5x1015 af§%%7g%§ %ﬁgggﬁT%ng$%§e%? %it%ﬁﬁa U6 26™Re¥ 8nd 80 KeV.

Referri.ng .now to .Fig. 8, another inportant aspect qQf the first enbodi nent
of the PRESHIEY A Fgﬁ Fggéﬁﬁ%‘? "ROUES HeRTT (iR bR EpEed AET Bt RS
sidewal | spacers_ 84, are forned, the  siljicon nitride Iager 72 is etched
avay. fﬁ%“@FFFC&FenFFPPBEargt%ﬁt?§'p?%ﬁeﬁ%ﬂﬁ%ﬁ%%\ﬂQﬁCSFéh tonprfsthg a
chem stry of H3PO4 (phosphoric acid) at between about 120 degrees C and
180 deglr%@satlé?’l @eﬁéPnE‘hégi 3FFi @3 BIUFY BT hse iewdeayadire abdpyeeEty etch
away the silicon nitride layer 72. By waiting until after the fornation of
t he” MOSHET hegiide's dapaddraghsnands siekvidle lsisAddiys dogadt segdmpee8® he
silicon nitride |ayer 72, the present invention insures that the
subseqi@rm phecesvirng £odf dnath jwectghtrey faor dibe, pdRdneduMOBFEDANECtivity
can be acconplished w t hout

The ion implantation is performed conventionally using an

implant species of either P, Ag, or S8b at an implant dose of

between about 1x10" atoms/cm® and 5x10'° atoms/cm? and an energy

of between about 20 KeV and 80 KeV.

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, thg
gsilicon nitride layer 72 is etched away. The silicon nitride
etch is preferably a wet etch comprising a 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 layer 72. By waiting until after the
formation of the MOSFET sources and draing and sidewall spacers
84 to remove the silicon nitride layer 72, the present invention
insures that the subsequent processing to finish the gate,
drain, and source connectivity can be accomplished without

additional dry etching at the source and drain region substrate
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additional dry etching at the source and drain region substrate 15 60
surface. This serves to prevent additional damage, such as m crotrenching.
Referring nowto Fig. 9, a second polysilicon layer 92 is deposited
overlying the substrate 60, the sidewall spacers 84, and the first
polysilicon | ayer 68. The second polysilicon I|ayer 92 can be deposited
using any of a variety of CVD nethods. The second polysilicon |ayer 92 may
be deposited undoped and then inplanted to reduce resistivity. The second

pol ysi 9% rriegfer 9DifayepEctchosPTeEYy ddiittiergdplanaden eRehpref erred
enbodi mrent, the second polysilicon |ayer is deposited, undoped, by |ow
pr essure e FeEsh 1¢gpor deposition (LPCVD) to a thickness of between about
1,000 Angstrons and 1,500 Angstrons. A large w ndow of values is used here
to facilitate CWP process control. Referring nowto Fig. 10, another
inportant part of the present invention is described. The second
pol ysi | i con Redyeri92 npw pol Fiheddt ca badawmd e ltyep 1sephiategenf 92 hies si dewal |
spacers 84 to conplete the MOSFETs by form ng permanent gates fromthe
t enpor alepogdtces], cardlyangothe couslsicta e aoNnee! ixdliewhe 1t bpacsour g€, and
drain junctions. The polishing step is performed using a conventional
chem calndrechafiieak pelishiDgofh CMY)ePreeSsThe second polysilicon

layer 92 can be deposited using any of a variety of CVD methods.

The second polysilicon layer 92 may be deposited undoped and

then implanted to reduce resistivity. The gecond 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 wvalues is used here to facilitate CMP process control.

Referring now to Fig. 10, another important part of the
present invention is described. The second polysilicon layer 92
is polished to below the top surfaces of the sidewall spacers 84
to complete 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 chemical mechanical polishing (CMP) process
selective to polysilicon. In this step, the advantage of

forming the sidewall spacers 84 prior to forming the second
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selective to polysilicon. In this step, the advantage of formng the
sidewal | spacers 84 prior to form ng the second 16 polysilicon |ayer 92
beconmes clear. No etching step is necessary, because the sidewall spacers
84 separate and electrically isolate the second polysilicon layer 92 in
contact with the source, drain, and gate regions. Referring nowto Fig. 11,
ions are inplanted into the second polysilicon |ayer 92. The inplantation

is perfor is_conveptjonal in the art_to reduce the resistivity of
the s gﬁﬁﬁgﬁgﬁfgiﬁﬁggﬁ ggy FE92°° Th e??ﬁliﬁﬂﬂ%%ﬁ%&?ﬁoﬁiﬁg pErformed ~using
an inplant species of either P, As, or Sb at an inplant dose of between
about ffﬁ§§§a§?6ngﬁgﬁﬁsﬁnahﬁxﬁbﬁ%w%&%n%??ﬁﬁf%nﬁf SFPEREFGy 2B bet ween about
20 KeV and 80 KeV. A silicide layer 94 is formed aoverlying the surface of
the sECGTFPERYLY HEBRFEYRTE 99SCaP Riripolsld G tReeEi PRciBeCPRYRFL 94 s
also to reduce the resistivity of the second polysilicon [layer 92. The
siliciddtbafde gaurees of BN ustHg P evmAgid¥nal  process with a netal
species of Ti, Co, or NN. The silicide layer 94 so formed has a thickness
of between about 200 Angstrons and 600 Angstrons. Referring nowto Fig.

12, the silicide layer 94 and second
Referring now to Fig. 11, ionsg 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 polysilicon layer $2. The ion implantation is performed

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

015 016

dose of between about 1x1 atoms/cm® and 1x1 atoms/cm? and an

energy of between about 20 KeV and 80 KeV.

A silicide layer 94 is formed overlying the surface of 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, oxr Ni. The silicide
layer 94 so formed has a thickness of between about 200

Angstroms and 600 Angstroms.

Referring now to Fig. 12, the silicide layer 94 and second
polysilicon layer 92 are etched through where not protected by a

mask, which is not sghown, to form separate conductive
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polysilicon |layer 92 are etched through where not protected by a nask,
which is not shown, to form separate conductive 17 connections. By
selectively etching in this step, local connects in the second polysilicon
| ayer 92 could be made to other devices. This etching step is perforned
using conventional etching techniques. Al though polysilicon is etched, it
does not create additional mcrotrenching problens as experienced with the
first pq; %AngN1la.er 62 eEch. Thi s ﬂs becayse the etﬁhing line is over
the i sOIALTON &G onSY65SARGE THOLY oV er e HhaditiswS-GRet T8R8180 and 88. An
internetal dielectric layer 96 is deposited overlyin t he MOSFETs, the
subst r Gy EhE ?§SP§@iBﬂIY%b}b%%nﬁbﬁyefH%?iQQﬁiﬁnEFaWaGPeF%ctric
| ayer 96 _may be any of several  conventional materials deposited by
conventd©irdl d¥dRfEquedtifnetEhEngr W rietl Rarfodmeshtisinge i nt er net al
dielectric layer 96 is conposed of silicon dioxide deposited by LPCVD.
Ref er r i9g¥ifdWicHati §Lchangt hechnievaet al Aldiletusdt mod visdyérongési s et ched
t hrough, where not protected by a mask, which is not shown, to the
silici cEdh@fer ig4does hoknrreataciddpeiimgs tizrdthenghtieg andblens hes
conductive connections for the sources and drains. A netal layer 100 is
conventaxpealilepcgeposichetdhoeveityi ngolysilicon layer 68 etch. This is

because the etching line is over the isclation regions 62 and

not over the shallow junctions 80 and 88.

An intermetal dielectric layer 96 is deposited overlying
the MOSFETs, the substrate 60, and the isolation regions 62.
The intermetal dielectric layer 96 may be any of several
conventional materials deposited by conventional techniques. 1In
the preferred embodiment, the intermetal dielectric layer 96 is

composed of silicon dioxide deposited by LPCVD.

Referring now to Fig. 13, the intermetal dielectric layer
96 is etched through, where not protected by a mask, which is
not shown, to the silicide layer 94, to form contact openings to
the gates and to the conductive connections for the sources and
drains. A metal layer 100 is conventionally deposited overlying
the intermetal dielectric layer 96 and filling the contact
openings. The metal layer 100 is etched through to the top

surface of the intermetal dielectric layer 96 to form separate
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the intermetal dielectric layer 96 and filling the contact openings. The
netal |ayer 100 is etched through to the top surface of the internetal
dielectric layer 96 to form separate 18 netal interconnects. A passivation
| ayer 104 of plasma- enhanced, CVD silicon nitride is deposited overlying
the netal interconnects and the internmetal dielectric |layer 96, and the
integrated circuit is conpleted. The advantage of the present invention as
shown in .t erreg enbodi ment gfn now be seen. As described

, fi
above, nmvﬁggﬁﬂ§§FcﬁP§88 g-se u%%%%lv%ﬁﬁpﬂ) Tl Y5t Re2PBBuced  t hi ckness

of the first poI silicon | ayer reduces the _|ikelihood of the fornatlon
of i crtFaiekes 78 dd Fﬁ@ntﬂétrb‘%?ﬁl‘?%?]&e@n ovier Ly 1pPc FBEr BRAEAL 76 does
form however, a nmet al glke and short condition will not result. The

novel IFBISFSATESH Ssanfc BhandnBP BNt abritsplact ehpevesd 96¢ #RE B2ond
polysilicon layer 92, wll prevent a nmetal short fromoccurring. The

second1@@§ﬁ§ﬂtﬁ@oﬁlF§Véﬁ 92 @prpleted. or cover any microtrenches 76 that
occur. Because of the polysilicon source and drain contacts, current wll
wrap around the microtrenches 76 and flow w thout defect. In addition,
because the source and drain contacts are nade with the second polysilicon
| ayer 92, n@he advantage of the present invention as shown in the

first preferred embodiment can now be seen. As described above,

the novel process sequence, and particularly the reduced

thickness of the first polysilicon layer 68, reduces the

likelihood of the formation of microtrenches 76 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 $2 will f£fill or cover any

microtrenches 76 that occur. Because of the polysilicon source

and drain contacts, current will wrap around the microtrenches

76 and flow without defect. In addition, because the source and

drain contacts are made with the second polysilicon layer 92, no

deep metal spikes will occur. Any metal spiking will be into

the polysilicon layer and will thus be of no conseguence.

Therefore, yield loss due to shorts is eliminated.
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deep netal spikes will occur. Any netal spiking will be into the
polysilicon layer and will thus be of no consequence. Therefore, yield

| oss due to shorts is elimnated. 19 Finally, the polysilicon contact plugs
for the source and drain regions raise the level of the internetal
dielectric layer 96 contact opening etch. The etch depth to create contact
openings for the source and drain is essentially the sane as that for the
gate. Conseqguently, the present invention creates a preferred etching
topol ogy t hdtPdl¥asFBR Polvdhtd el Wt 3wt érlvigsg fﬁévvgaaa?ﬂu%%e m 4, a
second preferred enbodinent of the present invention will be described.
The sGBELPat€IBONFsTAHAFNER? et@¥RbIGE ddipdseerortapnBeeySERTi¢ nE2YSY | i con.
Shal | ow trench isolations (STI) 62 are conventionally forned in the

subst r &be ceDtastacreahsgotteepartre mFdrtdapgh devicceabereasntaotal oxi dation
of silicon (LOCOS) could also be used to create the isolation regions. A
gat e ovipgeilhgpefoB4the sborcedamyetfaimg ¢ kesshltiieddystbst same £9. The gate
oxi de layer 64 nmay be formed by thermal oxidation of the substrate 60 or
by chematalfovapae depesi t Consdqd)t1A gate prleeetitodavbkayeon 68redted i r St
nmetal layer 68, is deposited overlying the gate oxide |ayer 64. The gate
el ectred@referred etching topology that is easier to manufacture.

Referring now again to Fig. 4, a second preferred
embodiment of the present invention will be described. The
substrate 60 i1s again preferably composed of monocrystalline
silicon. Shallow trench isolations (STI}) 62 are conventionally
formed in the substrate 60 as a means of separating active
device areas. Local oxidation of silicon {(LOCOS) could also be
used to create the isolation regions. A gate oxide layer 64 is
formed overlying the silicon substrate 60. The gate oxide layer
64 may be formed by thermal oxidaticn of the substrate 60 or by

chemical wvapor deposition {(CVD).

L gate electrode layer 68, or first metal layer 68, is
deposited overlying the gate oxide layer €4. The gate electrode
layer 68 can be deposited by physical vapor deposition (PVD) or
CVD. In the preferred embodiment, the gate electrode layer is
deposited by CVD. The gate electrode layer 68 may be composed

of titanium, titanium alloys, aluminum, aluminum alloys,
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| ayer 68 can be deposited by physical vapor deposition (PVD) or CVD. In
the preferred enbodi nent, the gate electrode |layer is deposited by CVD.
The gate el ectrode |ayer 68 may be conposed of titanium titanium alloys,
al umi num al um num al |l oys, 20 tungsten, tungsten alloys, copper, or copper
alloys. In the preferred enbodinent, the gate electrode |ayer 68 is
conprised, for exanple, of a stack of titaniumnitride overlying tungsten
or of a stack of tantalumnitride overlying copper. A silicon nitride |ayer

72 is d%ﬁ%%ﬁqﬁgd 5F89F§Fﬁga%ﬁeyﬁat%929%ﬁﬂr?ﬁk?qgﬂﬂﬁ’aéépy?he N Fe®n nitride
| ayer is deposited in a LPCVD process. The thicknesses of the gate
el ect r GFEHeHFe 68Podhethe E1E| e Rieqtdeodamiayer? 6§r ési APBPYAPRAS eat ur es
of the second enbodi ment of the present invention. The conmbined thickness
of the fpat @x@nedern oeé Rayberchgohinel tafelwh |nidorids ovieddyihgybrngoten| |
create the final thickness of the MOSFET netal gate electrode. In the
pr ef er red cdnsoditaeit oft hengal em et ot tdeleovd rAlyEmb 8 oppedeposi ted to a
t hi ckness of between about 500 Angstrons and 1500 Angstrons. The silicon
nitride layer 72 is deposited to a thickness of between about 500
Angstroms and 1500 Angstronms. A thin gate electrode |ayer 68 at this point
in the processilicon nitride layer 72 is deposited overlying the 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

éecond 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 preferred embcdiment, the gate electrode

layer 68 is deposited to a thickness of between about 500

Angstroms and 1500 Angstroms. The silicon nitride layer 72 is

deposited to a thickness of between about 500 Angstroms and 1500

Angstroms.

A thin gate electrode layer 68 at this point'in the process
is important. Because the metal thickness is reduced, the etch
time for the metal is also reduced. This lowers the probability
of microtrench formation. 1In addition, the grazing energy for

the etch iong is reduced.
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is inportant. Because the nmetal thickness is reduced, the etch tinme for
the nmetal is also reduced. This |owers the probability of mcrotrench
formation. In addition, the grazing energy for the etch ions is reduced.
21 Referring nowto Fig. 5 the silicon nitride layer 72 and the gate

el ectrode | ayer 68 are etched through where not protected by a mask, which
is not shown, to formtenporary gates for planned MOSFETs. The gates are
termed tenporary, because, during the subsequent processing steps, the
silicon nit RedET I rO¥2ERi FETbed r et et HiiP epitadee whvRTaddi 22%nal
metal. The etch is perfornmed using a conventional reactive ion etching
(RYE) priveasdanietiscirpref épryed €8 chrageictiead dthrpush ethefrer nSE6 and 02 or
BC13, Cl12, and 02. Referring nowto Fig. 6, ions are inplanted into the
subst r e tastiesy iyl Rgheby , depédh| imctdtorsh@o wher otrie teeppoaay ygages es,
conprised of the silicon nitride layer 72 and the first netal |ayer 68,
and t h€darsgllamned MEGEFBMs . acThasgaigd ante ngerues kempdlrerlyi, ghebyusdeped
junctions 80 thus fornmed are self- aligned to the MOSFET gates. The ion

i mpl antdatdiony ithepeubsegrdnt conyeadsonal dtepisi nhearilipbanhispegées of
either P, As, or Sb at an inplant dose of between about 1x10'4 atons/cnR
and 1xIQiyer 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 SFg

and O; or BCl;, Cl,, and 0Q,.

Referring now to Fig. 6, ions are implanted into the
substrate to form lightly doped junctions 80 where the temporary
gates, comprised of the silicon nitride layer 72 and the first
metal layer 68, and the isolation regions act as implanting
masks. The lightly doped junctions 80 thus formed are self-
aligned to the MOSFET gates. The ion implantation ig performed
conventicnally using an implant species of either P, As, or Sb
at an implant dose of 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
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atons/cn?2 and an energy of between about 20 KeV and 80 KeV. Referring now
to Fig. 7, sidewall spacers 84 are conventionally fornmed. The sidewall
spacers are preferably conposed of silicon dioxide that is anisotropically
etched to 22 formthe sidewall spacers 84 adjacent to the tenporary gates
and overlying a part of the lightly doped junctions 80. After the sidewall
spacers 84 are forned, ions are inplanted into the substrate 60 to form

i 88 where the tenporary gates, the sidewall spacers

heavi l y dﬁge%ﬁiuné%loEi
84, and e P SIEEMBNLr EBRORES 62 AT AL Ha S T FERROFABY Bt BEF dFPAnd
where the heavily doped regions 88 and the |ightly doped regions 80 form
t he sod%V@éflé{ﬁalgdPaPﬁrFuﬁétF Bsl iRt L helgneth e aiSEETS0 - The i on
i nplantation is perfornmed conventionally using an inplant species of
either P, As, or Sb at an inplant dose of between about 1x1015 atons/cn®
and 5x| 01S atons/cn2 and an energy of between about 20 KeV and 80 KeV. A
barrier | ay@fte@8the dégewatbdspyvestyidy driwe fSiduegonionkt pkde | ayer 72 and
the substrate 60. The purpose of the barrier layer is to elimnate netal
di f f usiiowpliamttedt hetsubber atlest0atdhe0 bar riicem lheperi lyadobedcpuposechof any
of several refractory netals used, typically, in conbination with

88 where the temporary gates, the sidewall spacers 84, and the

isolation 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 junctions for the planned MOSFETs.

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 5x10*° atoms/cm? and an energy

of between about 20 KeV and 80 KeV.

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 intoc the substrate
60. The barrier layer may be composed of any 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.
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refractory nmetal nitrides. In the preferred enbodi nent, the barrier |ayer
108 is conprised of titaniumnitride and tantalum nitride deposited by

pl asma enhanced CVD to a thickness of between about 50 Angstrons and 200
Angstrons. 23 Referring nowto Fig. 14, the silicon nitride layer 72 is
etched 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 deggees.c The barrjer layer 108 overlying. the

silicon nitRASGETAPEr P9Y 6P Fi¥e 1enpdiarst gaaw ndtards fanshed? The
barrier | %{ 108 remains_overlying the substrate 60 in non-gate areas. By
wai t i ngelaiﬁ%% aWPYer tHE PorHEPT oftof 14h e WIBHET RE6EeEadidng vk afRe and
sidewal | spacers 84 to renove the silicon nitride |ayer 72, the present
i nvent iCHHHASHEs 3t RAETLREr Y ups edpkéht (Pheskekesi n@eisl)f iati sh the gate,
drain, and source connectivity can be acconplished w thout additional dry
et chi ngaraRe ugeurebebndedr about el G rdeanssts 4 @n60180r flageeeThis serves
to prevent additional damage, such as mcrotrenching. Referring nowto
Fi g. 15healsgedrd deyak Lajeovddlyirmg tdeposiltiesrowvetkybrgléherbazro®er | ayer
108. The second netal layer 112 nmay be conposed of titanium titanium
al | oys,the temporary gate is also removed. The barrier layer 108

remains overlying the substrate 60 in non-gate areas. 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 subsequent

processing to finish the gate, drain, and source connectivity

can be accomplished without additional dry etching at the source

‘and drain region substrate 60 gurface. This serves to prevent

additional damage, such as microtrenching.

Referring 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, copper, or
copper alloys. The metal may be deposited using PVD or CVD. In
the preferred embodiment, the second metal layer 112 is
deposited to a thickness of between about 1,000 Angstroms and
1,500 Angstromg. In the preferred embodiment, the second metal

layer 112 is comprised, for example of a stack of titanium
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al um num al um num al |l oys, tungsten, tungsten alloys, copper, or copper
all oys. The netal may be deposited using PVD or CVD. In the preferred
enbodi ment, the second netal layer 112 is deposited to a thickness of

bet ween about 1,000 Angstrons and 1,500 Angstroms. In the preferred
enbodi nent, the second netal layer 112 is conprised, for exanple of a
stack of titanium 24 nitride overlying tungsten or of a stack of tantal um
nitride overlying copper. Referring nowto Fig. 16, another inportant part

of the M iSTeSEnPVFRVERRE ohURSs R 7 1fd. 2 THE Fe@SndaRERAN™ BYEF1IdA2 s
polished to below the top surfaces of the sidewall spacers 84 to conplete
t he MOSFETYYB{If 6PRPAY- per manent gates fromthe tenporary gates, and to
form conductive connections to the source and drain junctions. The
polishing step is performed using a conventional chem cal mechani cal
polishing (CWP) process selective to netal. In this step, the advantage of
form ng t heResedewnd| nepacerB8i®@4 19, amdthernimpogtehe secondf netal | ayer
112 becones clear. No etching step is necessary, because the sidewall
spacer prédenepdnabatdod et edésdchbdd. | Sateedohe secabdlapetrali? ayer 112 in
contact with the source, drain, and gate regions.

polished to below the top surfaces of the sidewall spacers 84 to

complete the MOSFETs by forming permanent gates from the

temporary gates, and to form conductive connections to the

gsource and drain juncticns. The polishing step is performed

using a conventional chemical mechanical polishing (CMP) process

selective to metal. In 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 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 the
- barrier 108 are etched through where not protected by a mask,
which is not shown, to form separate conductive connectiocons.
This etching step is performed using conventional etching
techniques. Although an etching step is performed, it does not

create additional microtrenching problems or substrate damage

25




Referring now to Fig. 17, second netal layer 112 and the barrier 108 are
et ched t hrough where not protected by a nmask, which is not shown, to form
separate conductive connections. This etching step is performed using
conventional etching techniques. Al though an etching step is perforned, it
does not <create additional mcrotrenching problens or substrate damage 25
because the etching line is over the isolation regions 62 and not over the
shallo¥%juncti% s 80 ﬁnd 88, An internetal dielectric layer 116 is

deposi t&€¢ V& FyFn§=Cthed TS THE ddistsaleteer aRgIPRE Peofati on
regions 62. The interpetal dielectric |ayer 116 may be any of several
conventiPon&VerafBri 8Pal 4ot e M hvidt i%hal techniques. In the
preferred enbodi nent, the internetal dielectric layer 116 is conposed of
silicon dioxide deposited by LPCVD. Referring now to Fig. 18, the
internetal dielectric layer 116 is etched through, where not protected by
a mask, whi éh intenpetshowielecttie sacond Ifetial degped téd2ovenl¥orgn cont act
openings to the gates and to the conductive connections for the sources
and dr &ihes MOAFEREL dthet albsayere 182D, isand aheeritsiodnaliby rdgposst€zl. overl yi ng
the internmetal dielectric layer 96 and filling the contact openings. The
third mekalintayeetd?0dislectric layer 116 may be any of several

conventional materials deposited by conventional techniques. In
the preferred embodiment, the intermetal dielectric layer 116 isg

composed of silicon dioxide deposited by LPCVD.

Referring now to Fig. 18, the intermetal dielectric 1ayer
116 is etched through, where not protected by a mask, which is
not shown, to the second metal layer 112, to form contact
openings to the gates and to the conductive connections for the
sources and drains. A third metal layer 120 is conventionally
deposited overlying the intermetal dielectric layer 96 and
filling the contact openings. The third metal layexr 120 is
etched through to the top surface of the intermetal dielectric
layer 116 to form separate metal interconnects. A passivation
layer 124 ©f plasma-enhanced, CVD gilicon nitride is depeosited
overlying the metal interconnects and the intermetal dielectric

layer 116, and the integrated circuit is completed.
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etched through to the top surface of the internetal dielectric |ayer 116
to form separate netal interconnects. A passivation |ayer 124 of

pl asma- enhanced, CVD silicon nitride is deposited overlying the netal
interconnects and the internetal dielectric |layer 116, and the integrated
circuit is conpleted. 26 The advantage of the present invention as shown in
the second preferred enbodi nent can now be seen. As described above, the
novel process sequence, and particularly the use of CMP to formthe source
and drai n cdhgeetivensage ediicelze tpresdritkelnveodd cof ashehbwnnin i one of
mcrotrenches 76. If a mcrotrench 76 does form however, a netal spike
and sh@stconcopdiefconedi hbodtimems utdn rdwe heseeetr.a bar descrily@r 108 over
the source and drain regions will prevent a nmetal short from occurring. In
addi ti efoviche thet abvebnpacte pt ugsqi@icd heursbpaee ianlarldyatRerege ofs rai se
the level of the internetal dielectric |ayer 96 contact opening etch. The

et ch deptrh tho fetRatReCOBLACE awpeiidiys diimddia oseyr eedandsdenén is
essentially the sanme as that for the gate. Consequently, the present

i nvent ilakeQri@abasof ar RE ef FhLdi &t b Nei dRRQILG¥ ket i sTeagier to

manuf-acture. As disclosed in the preferred enbodi nents, the present
microtrench 76 does form, however, a metal spike and short
condition will not result. The use of a barrier layer 108 over

the source and drain regions will prevent a metal short from

occurring.

In addition, the metal contact plugs for the source and
drain regions raise the level of the intermetal 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 invention creates

a preferred etching topology that is easier to manufacture.

As disclosed 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 manufacture of

integrated circuit devices.
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i nvention provides a very manufacturable process for fabricating shallow
junction MOSFETs with either polysilicon or netal gates that elimnates
junction spikes and shorts in the manufacture of integrated circuit
devices. 27 Wile the invention has been particularly shown and described
with reference to the preferred enbodi nents thereof, it will be understood
by those skilled in the art that various changes in formand details nmay
be nmade w thout departing from_ the spirit and scope of the invention. 28
Cains 1. AfdEedst d8VEREEORt BaRVeen i ®iliglva speisiificon gate
el ectrode overlying a gate oxide |ayer on the surface of a sem conductor
subst r &teEdPechaithgrafereseei eo stlde vy ¢ fenrrce emboBligsnt eethayedf ai n
junctions within said sem conductor substrate adjacent to said polysilicon
gat e elidctwiddepe polggikpodnbyonnest i gnisl lavderinyithg saitdtbetr veramds dr ai n
junctions and separated fromsaid polysilicon gate electrode by said
di el ectahanigsisdémalforspandr detdla dhellsetmdde waydrouay éebyirngng af tdom
pol ysilicon gate

the spirit and scope of the invention.
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el ectrode and said polysilicon connections; and netal contacts extending

t hrough openings in said dielectric layer to said polysilicon gate

el ectrode and said polysilicon connections. 2. The device according to
Claim1l1 further conprising a silicide |layer overlying said polysilicon
gate electrode and said polysilicon connections. 3. An integrated circuit
device conprising: 29 a netal gate electrode overlying a gate oxide | ayer
on the surface of a sem conductor substrate and having dielectric sidewall
spacers; 5 source and drain junctions WiHi*h sai d sem conductor substrate
adj acent to said netal gate electrode; netal connections overlying said
source and drain junctions and separated fromsaid netal gate el ectrode by
said dielectric sidewall spacers; 10 a dielectric |ayer overlying said
netal gate el ect fode PBnd"saPHAHRE of 1 EGhHe d9GRS CORBTHELETE  cont act s
extendi ng through openings in said dielectric |layer to said nmetal gate

el ectrode and sai @ PREV&L!EBARcERtOMlectrode overlying a gate oxide

layer on the surface of a semiconductor substrate and
having dielectric sidewall spacers;
5 source and drain junctions within said semiconductor
substrate adjacent to said polysilicon gate electrode;
polysilicon connections overlying said source and
drain junctions and separated from said polysilicon gate
electrode by said dielectric sidewall gpacers;
10 a dielectric layer overlying said polysilicon gate
electrode and said polysilicon connections; and
metal contacts extending through openings in said
dielectric layer to said polysilicon gate electrode and

gaid polysilicon connections.
2. The device according to Claim 1 further
comprising a silicide layer overlying said polysilicon gate

electrode and said polysilicon connections.

3. An integrated circuit device comprising:
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4. The device according to Claim3 further conprising a barrier |ayer
bet ween said source and drain junctions and said netal connections. 30

10

a metal gate electrode overlying a gate oxide layer
on the surface of a semiconductor substrate and having
dielectric sidewall spacers;

source and drain junctions within said semiconductor
substrate adjacent to said metal gate electrode;

metal connectiocons overlying said source and drain
junctions and separated from said metal gate electrode by
said dielectric sidewall spacers;

a dielectric layer overlying said metal gate electrode
and said metal connections; and

metal contacts extending through openings in said
dielectric layer to said metal gate electrode and said

metal connections.

4. The device according to Claim 3 further

comprising a barrier layer between said source and drain

junctions and said metal connections.
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