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 elimnates shorts due to junction spiking. (2)
Description of the Prior Art The next generation of

nmet al - oxi de-sem conductor field effect transistor (MOSFET) devices wll
likely use shal FoWETHRRCcTPoROREcRRBIEEY) TWHNGTHON JRAISISACOBF YBLFEe and
drain regions. Shallow junctions are herein defined as junctions of |ess
than 0. 15 m crons BHLAMJ&BTANGSEEART Bine¥E ohs BMNCTHERe $SEAKINGt o furt her reduce
MOSFET channel |engths and thus achieve greater packing densities and

swi tching speeds. One problem encountered in the use of shallow junction
devices is that of junction spiking. It is typical in the art 1 to contact
nmetal conductor |ayers diBARHIROUND OFe THEr TBVENDLONSuUbstrate junctions. It
is possible that nmetal will diffuse into the bulk of the junction and form
a spike. In the case of

(1) Field of the Invention

The invention relates to a method of fabricating
gsemiconductor 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 technology in the formation of source and drain
reglons. Shallow junctiong are herein defined as junctions of
less than 0.15 microns in depth. Such junctions are necegsary
te further reduce MOSFET channel lengths 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 art




relatively deep junctions, this spike does not necessarily pose .a
probl em For shallow junctions, however, this netal spike can be deep
enough to short across the junction into the substrate below In addition,
the use of silicides to prevent nmetal spiking is not practical for shallow
junctions. The formation of silicide consunes part of the substrate during
the anneal process. In the case of shallow junctions, the junction
remaining after the silicide formation will tend to exhibit wunacceptable
juncti &R Feakage. "RetrbrieMPeteTilgyers diceesdvseet ton Frrgabally
conpleted prior art integrated circuit is shown. A silicon substrate 10 is
shown.SP?éEﬁPF@nJ@@@ﬂtﬁﬁﬁ-fcﬁﬁn&ﬁ wpssiidlieowhatr saeal | bl At YSSTI ), are
al so shown 14. A gate oxide layer 18 has been grown or deposited on the
surfacéntp the bilkceh thailbtmcitieon GndA fpoinysi Eptba. | ayertia? dasaledosited
overlying the gate oxide layer 18 as conventional in the art. 2 Referring
‘to Figre2atavetpcdese juonctetats ( RHE)s kadkeednesprof onaessdariat trerse t he
polysilicon layer 22 to formthe gate electrode for a planned MOSFET
devi cea Puobhgmt heFet cdhill losestinctannsndesweable ehiectetcal | spilay atanenchi ng
can sonetinmes occur.

be deep enough to short across 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
silicide consumes part of the substrate during the anneal
process. In the case of shallow junctions, the junction
remaining aftexr 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 silicon
substrate 10 is shcown. Isolation regions, formed by shallow
trench isolation (STI), are also shown 14. A gate oxide layer
18 has been grown or deposgsited on the surface of the silicon
substrate 10. A polysilicon layer 22 is deposited overlying the

gate oxide layer 18 as conventional in the art.




In mcrotrenching, 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 layer 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 does still occur for ultra-thin gate dielectrics. Wen a
mcrotrench 26 is fornmed, it is alikely location for a nmetal junction
spi ke to foRAfPArsEHSEURIE- r GeassichgveRapar pEal (BIF grasg badie results
of further processing of the prior art MOSFET structure are shown. The gate
el ect r pdeforinng| udi Pt sédevdid mpParerld cd®8, lhgsrbaanté abriteatlesd.gaSisal | ow
junctions have been formed with lightly doped junctions 30 and heavily
doped plnctrods 8dr ArplaimerdMCGEAFHI eleedicri.c bayeng42he waiscldeposgicdsed and
etched to formcontact openings. A netal |ayer 46 was deposited to fil

t he comhachdepenalids affkctpaidlar med rioe rkoki hat eanosoest tmedidwddyy., a
passivation |layer 50 was deposited to conplete the MOSFET structure. 3 A

met al  spi Kecddrirsnshong, fof nethdntddeticunetiapkr €gi 88e®fat tihe: MBRET. The
nmetal spi ke 44 may have forned due, in part, to
of the polysilicon gate and can result in the etch breaking
through the gate oxide layer 18. When this occurs, a
microtrench 26 can form. The use of bromine- and oxygen-
containing gases in the etch process can increase the etch
gelectivity and reduce the likelihood of microtrenching.
However, this effect does still occur for ultra-thin gate
dieleétrics. When a microtrench 26 ig formed, it is a likely

location for a metal junction spike to 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 38, has been fabricated. Shallow
junctions have been formed with lightly doped junctions 30 and
heavily doped junctions 34. An intermetal dielectric layer 42
wag deposited and etched to form contact openings. A metal
layer 46 was deposited to f£ill the contact openings and
patterned to form interconnects. Finally, a passivation layer

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
followi ng the formati on of source and drain regions. A sacrificial

pol ysi | i conAgaetailsspokaedit ahdl shdvwen femedednt ¢hepannthioe haegedn rafyi on f or
i npl antation. Chenical mechanical polishing is used to define the gate

el ectr ade MOSHERD . seThadnpohy sspilomm depgsitdaven foldm8d Batentn 2AmB6,1265 to
Yeh et al teaches a process to forma MOSFET where the polysilicon contact
| ayer fuhre biferseashceonad @f @rdcra@giioes fcatided fedmbyha ghesi €wdh nechani cal
polish. The gate and isolation regions are forned in a silicon nitride

| ayer tshafp orheR bshetcheshanayrid neave dfikegakesabani 86! B&YON regions 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,
gsource, 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 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 igs 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 gource and drain regions
ig8 defined by a chemical mechanical polish. The gate and
igolation regions are formed in a silicon nitride layer that

then is etched away to leave the gate and igolation 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 of the present invention is to provide an effective and very
manuf agogvgblteemeunbdcef of abiré catlivpn shdldtowtjeuncti.6n MOSEETs in the
manuf acture of integrated circuits. A further object of the present

i nvent iS50/ 7és 776 proVadehact net hdtktlodabra cattdoshabl defjivacsowrcd3BiEETs i n
which the gate electrodes are conprised of polysilicon. A yet further

obj ect definheepresepdlyaieiddmwncdrst 4o Progyichemiaameimbodahocinbri cat e

shal  ow junction MOSFETs in which the gate electrodes are conprised of

pol ysi lboaashang bA whpehysEt Bdod Gt Oy .S baRenkSsehbn oes egh Myoan

contacting the source and drain junctions with ponS|I|con i nst ead of

net al . efnatheeayBbsf 4rbhete 9] €51 Hm 1R Mi88LBL LBV eBLI 8BpRSMd Qising
a chemical mechanical polish of the polysilicon layer. TU.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.

A 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




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 conprised of netal. Another still further object of the

pr esenfUnAGéan| 8piksng ois mloviideteddbvhegntectabgi the eselate ad uncti on
MOSFETs in which netal junction spiking is elimnated by constructing the
gate @redhrpdastofnaevath gl tdidriglon éhistrendt bAgmetat ot renching due to

t he 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
contact etchnatkenuger efistttier @HjRcACedr daacpraksiht t hevebiaat sioftd hi s
invention, a new nethod of fabricating shallow junction MOSFETs has been

achi evegdovAdg URShe BhEd | tSo Prapn ided s 118Q! 3theni s8MOMSET S eRanratidy active
device areas. A gate oxide |layer is grown

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

likelihood 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.

Another further object of the present 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 easier.




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
layer and the tenporary gates. The spacer |ayer and the gate oxide |ayer
are anisotropically etched to formsidewall spacers adjacent to the

t enporary gatescanddavee |witly thepatijeaftst bé thighthyediopad, jaineiw ons. | ons
are inplanted into the substrate to formheavily doped junctions where the
t enpor aeyhgdt e§, f&beicsi deyadHaldpacensictdmed MOEFESS! BA$ ORedregi ONs act as
masks for the inplant and where the heavily doped regions and lightly

doped arbgeosd.f ornmshiber stk cias arbwdrRidn withcikonstion &g glanned
MOSFETs. The silicon nitride layer is etched away. A second polysilicon

| ayer kspdepeshyedcoyes | Jénded hersithst matacet BRigsi deyet | i spacshs, and the
first polysilicon layer. The second 7 polysilicon |ayer is polished to

bel ow therti 9pngurhacesodfrdthe. S devaldl 3R3ceiscba copPlefe 4 MSRRETs by

form ng permanent
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 isoclation regions act ag 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 junctions. Ions are implanted into the substrate
to form heavily doped junctions where the temporary gates, the
sidewall spacers, and the isclation 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. The silicon nitride layer is etched away. A second
pelysilicon 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 isolation regions. The intermetal dielectric layer is patterned to

f or m cHLAEL LdFERI AgEST ol ® heolbtlead il ied avhd heoidc BiiyBacesnmgctlions f or
the sources and drains. A netal layer is deposited overlying the

i nt er netiglewdilél eperecs| by evompbetfs | 4Hian GIOSHMT sc byt Aotmopegnpegsandite met al

| ayer is patterned to form separate nmetal interconnects. A passivation

| ayer eteepbdspimetdheovenpyrangy tdeearet alnd nicerfoanneechduantvé he i nt er net al
dielectric layer, and the integrated circuit is conpleted. Also in

accor danceewtt hnthecobhecssunie tdrid drmentiert iansnewrset hgde of fabricating
shal | ow juncti on MOSFETs has been achieved. A substrate is provided with

i sol at iieplaegeansntsepRs atedeh@Gid Mesida\HEE 1akeas. A gal coxd desayer is
grown overlying the substrate. A first netal |ayer is deposite overlying
the gatg @vrfiedl 8yeriyfh§itheMriddd A8 lt@ekekdnd polysilicon layer.
The silicide layer and second polysilicon layer are patterned to
form separate conductive connections. An 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 layer 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 anisotropically etched to formsidewall spacers adjacent to the

t enpor fFPogated aner bybrg yilry g tiedflt Raveirght The dopeiicoy uriditisies. | ons
are inplanted into the substrate to form heavily doped junctions where the
t enpor aeyegaseg, thaef siefevrdtial dpater sreapdtthenedotat form riegimnxact as
masks for the inplant and where the heavily doped regions and lightly
doped pegeenforfplambdd MOEFER:s and odsaiare) unplbonsdf ontd hehel anned MOSFETS.
A Dbarrier layer is deposited overlying the substrate and the silicon

ni tri deubayeateThe Séotm chightly idieddayencitsoakchidravelye wedmngamt h t he
barrier layer that overlies the silicon nitride. A second netal l|ayer is

deposi tedesventiytg i€l daddi efediayRy actt Be sigewatingpacss, and the first
nmetal | ayer. The second netal |layer is polished to below the top surface

of thesphdewalbyespPagedspdHi iRl rLa ihg MISFEIsebyx{QL M Ng-.perfmreRt gates

from the tenporary gates, and to form conducfive connecti'ons 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 intoc the substrate to form
heavily doped junctions where the temporary gates, the sidewall
spacers, and the isolation regions act ag 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 ig 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 laver is polished to below the top surface of the sidewall
spacers to complete the MOSFETs by forming permanent gates f£rom
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



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 filling the contact openings. The third nmetal |ayer patterned to form
separ atted SheCAF 1ent ayednhe cdspoil trd sivenliemy [thgeMOPEEGeposit ed overl yi ng
the netal interconnects and the internetal dielectric layer, and the

i nt egr avédtepteui endsthe olpd biethn BRIGRMBESCRIETHONe Ofe THE DRAMNGS A n t he.
acconpanyi ng drawings formng a material part of this description, there is
shown: 1Eiygs. it phroaghed schbBomb i caldact ldpgstihake tbntheogstsecdndrto
partially conpleted prior art shallow junction MOSFETs in an integrated

ci r cui theevonduckigs. cdnidtolghs 7t &€ hmtdctalcey bhiuataahe. i M cilossd

sectional representation preferred enbodi mnents of the present invention
used t eictanmsball ow fupstioda MBEE RS ng 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 description, 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 nrent 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 shal IBws .usctthopughOBEESshuink bi 81 B} Qa6 8l 8¢t rodes. Referring now
nore particularly to Fig. 4, there is illustrated a cross section of a

parti aldgctcionplletrepricabagrat 6d aCEY a4 toAeMI G4 Egﬁoﬁl':{gn%%{tatgﬁ Cﬁﬁ?i >
a w

preferably conmposed of nonocrystalline silicon. r sol ati ons

(STI) Gearemtllincenvenhi aBabl Vol pERdidy 1018 sybsirate 60 as a means of
separating active device areas. Local 6£FLa ﬂéﬁmﬁfogiPngﬁlflcon gate

MOSFETs.

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 EMEODIMENTS

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 (8TI) 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 nmay be deposited undoped and then inplanted to reduce resistivity.
The ficonvpokyenbitpniéayed BO tiwy salsaradep6si kedauseags ioSi tu doping. In
the preferred enbodinent, the first polysilicon |layer is deposited by |ow
pr essurepekehiogl acvapordeieiosidraas .( LPOYRAL. cAidbiticnnohi $41¥1deord ayer 72 is
deposited overlying the first polysilicon |ayer 68. The silicon nitride

| ayer i(sodeppscbaddi alsa bPQE2PrRcessatEhenthigknesses eégidies fi st
polysilicon layer 68 and the silicon nitride |layer 72 are inportant

featur gatef oxthe fayst enbodi fmmeDioidia Bnesent Lnyeadh ofubJhenteonbi ned
t hi ckness of the first polysilicon |ayer 68 and the silicon nitride |ayer

72 wilkocreahe HheefiRphe thirkness n%? tfae eMRER Ty 98 Erma BYosk 16l udig @
silicon nitride layer 72, that will I2 ultimtely be etched away and

repl acgd %ﬁ%hséﬂséggﬁéiéﬁugr 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 ana 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
polysilicon layer 68. The silicon nitride layer is deposited in
a LPCVD process. The thicknesses of the first polysilicon layer
68 and the sgilicon 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
silicon nitride layer 72 is deposited to a thickness of between about 500
Angst r odt iaadelysbe anghed amay RefemepigosdwwiohFay. additienal | i con nitride
| ayer 72 and the first polysilicon |layer are etched through where not

pr ot ecpedybylacomskayahi cthe stmiatkrefsmwof tthef Oimst eppbyai Vi gat dsayefror

pl anned MOSFETs. The gates are terned tenporary, because, during the
subseqéeéntapr beesstugesdtwpsl e tdte 18I misdo aintihgdehel ayerall? qddd be renoved
and replaced wth additional polysilicon. The etch is perfornmed using

ei t her taicraekkVaekOhed el iy i) MosTEesstetcaunel eb&dlucigraferred
reactive ion etch process for this step conprises SF6 and 02 or HBr, SF6,

and 02niAxResEent eghaeti e Cchogmaniises RBP4 6BhesPheyico atddleip Nnoted
earlier, the use of the silicon™nitride layer 72 to fill out the total

thicknesg efehlengatsr abdAVSrdi& df $hictdtrenches. In the preferred
embodiment, the first polysilicon layer 68 is deposited to a
thickness of between about 500 Angstromg 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 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 0. or HBr, SFs, and

O,. A preferred wet etch comprises H3zPO, (phosphoric acid).

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

to £ill out the total thickness of the gate allows the first

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,

- conpri pedysfilthensibyeonsditeilge dlayerer7 2hamd inhehti cothveponl grsdl iacon | ayer

68, and the isolation regions act as inplanting masks. The lightly doped
juncti onsi88 thaspbdyariicomrecae) fialignred tlopbee iMDSFEIr gat es.

inplantation is perforned conventionally using an inplant species of

ei ther mRcrofsefthSE 2t 80 sdPlant wase of, bricwees aheutidxd04 atons/ CW2

and

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

The ion

Ref er r ibagvReWikenFifye# . 681 devahinfhac ey B4 nakecceBMent s opal 1 Yoda@rmed. The
sidewal | spacers are preferably conposed of silicon dioxide that is

ani sot rapieakkycet chedi t ord i tdie @@@&?ﬁlen%%ﬁ%ﬁt§6na9i§f%ddéé the

tenporary gates and overlying a part o

A ter EH% §EQ§Hﬂh£s§pé&§réo§€eéHffJﬁ%ﬂgﬂ%hﬁdwgi fi€rotrenches.,

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
polysilicon layer 68, and the isolation regions act as
implanting magsks. 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 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.

14

e lightly doped junctions 80.

14



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 inplantation and where the heavily doped regi ons 88
and the lightly doped regions 80 formthe source and drain junctions for

t he pl anned MOSFETs. The ion inplantation is perfornmed conventionally using
an inplant species of either P, As, or Sb at an inplant dose of between
about 1x1015 atons/cnR2 and 5x10'5 atonms/cn2 and an energy of between about
20 KeV and 80tkxVthRebedevayl nevacerFidp He doombkd;, ioperémat aspect of the
first enbodi ment of the present invention is shown. Now that the MOSFETs,

i ncl udiimplsindedalihtepaber sulBdt raire doromedomthdéeasiilli,cAopadt fudeti@ayer 72 i s
etched away. The silicon nitride etch is preferably a wet etch conpri sing

a chenisst mheat HRROdempbphogphatds, adid)sialevk@ivephcabsuts 120ndegiees C and
180 degrees C. Other chem stries could also be enployed to conpletely etch

avay theclkkieanrBgibhdesh ayef o2 mddk@idd RGURkbh a8t heioh hena fidmdt i on of
t he MOSFET sources and drains and sidewall spacers 84 to renpve the

silicoppal hebde1ap8ped 2refEnProsenia identiPR 1yl ASHEES Eh8indhey
subsequent processing to finish the gate, drain, and sourcCe connectivity

can be :acGORRLI ShEHW LhQUAra AGdj dianal, dres.et el B9 Ak hhfospprge and drain

regi on substrate

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.

Referring now to Fig. 8, another important aspect of the
first embodiment of the present invention is shown. Now that
the MOSFETs, including sidewall sgpacers 84, are formed, the
gilicon 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 degreegs 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 drains and sidewall spacers
84 to remove the siliceon 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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15 60 surface. This serves to prevent additional danage, 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 |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 polysilicon |ayer 92 nay be deposited by insitu
dopi ng 60l surrfiecpr ef Enkedserndodiaranteverite agidd oadnpdl gsnageonsuadyers i s
deposi ted, undoped, by |low pressure chem cal vapor deposition (LPCVD) to a
t hi cknedsrogfrebehweegn about 1, 000 Angstrons and 1,500 Angstronms. A | arge
wi ndow of values is used here to facilitate CMP process control. Referring
now to Fig. 10, another inportant part of the present invention is
described. The second polysilicon |ayer 92 is polished to below the top

surfaces of rellersidgwadl sPacess B4 a teRPLEL 9 st NecMISERIS, by fiar m ng
per manent gates fromthe tenporary gates, and to form conductive

conneckiepbsitat Beer SPUAE G BN G (WA ML JURG, | @RS sTREWRPL | SPAAG ST@P 1S
performed using a conventional chem cal mechanical polishing (CVP) process

sel ectiyg Eﬂep9h¥§£|b&?@siifbéﬁ“f%ﬁgfﬂ§8.th%h%dgéegﬂgepgiysilicon

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 second polysilicon
layer 52 may be deposited by insitu doping. In 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.

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
gselective to polysilicon. In this step, the advantage of

forming the sidewall spacers 84 prior to forming the second
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formng the sidewall spacers 84 prior to formng the second 16 polysilicon
| ayer 92 becones clear. No etching step is necessary, because the sidewall
spacers 84 separate and electrically isolate the second polysilicon |ayer
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 perforned as is conventional in the art to reduce the
resistivity of the second polysilicon |ayer 92. The ion inplantation is
per f or pedystudiognabayapl antbspacieslefarel t Wer ePchfsg oteSbiat an i npl ant
dose of between about 1x1015 atons/cnR and 1x1016 atons/cnR and an energy

of bet weeasabou! BOckede ariek 8} HRM1 1A sPaldegisde sl a¥par&¥e i snd or med overlying
the surface of the second polysilicon | ayer 92. The purpose of the

silicidecbayebal?¢ iSophSO ﬁﬂérééhaﬁ%.%ﬁﬁy@%ﬁﬁébh¥héye9f9ihﬁn&ﬂﬁﬁﬁ@t

polysilicon |layer 92. The silicide layer 94 is fornmed using a conventi onal

procesgiwht bha OBhLabe SPEL S, Undligat®Predfi MNs- The silicide layer 94 so
formed has a thickness of between about Z00 Angstrons and 600 Angstrons.

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

Referring now 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 polysilicon layer 92. The ion implantation is performed
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.

A gilicide 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 polysilicbn
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.

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 shown, to form separate conductive
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mask, 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 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
i nt er netahediébnst ri BY | aykectObrely depdsimgednovbibysngp, t eeadMOSFETs, t he
substrate 60, and the isolation regions 62. The internetal dielectric

| ayer @6nmaytbeianyhefssewet gholycdnvienin drgkermatecoal 8 lokeposid e by
conventional techniques. In the preferred enbodi nent, the internetal

di el ecbther!| agetc86. i sThitomposethpfstsd iicopedifroxnde depasited by LPCVD.
Referring nowto Fig. 13, the internetal dielectric layer 96 is etched

t hroughonvheteecnal &t oheed etk dhihdni@msk, athelighSponpki shewn, id o the
silicide layer 94, to formcontact openings to the gates and to the

conducki¥geQONRECALOBSHEOT IR S UHLRT AR ndE2bESenfh By Abrdiisls HO is
cpnventlonalfy deposited overlying the internetal dielectric |ayer 96 and
f""”%xb@%i%ﬂ@ééc%ith 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 overlying
the MOSFETs, the substrate 60, and the isclation regicns 62.
The intermetal dielectric layer 96 may be any of several
conventional materials deposited by conventional technigues. 1In
the preferred embodiment, the intermetal dielectric layer 96 is

composed of gilicon dioxide deposgited by LPCVD.

Referring now to Fig. 13, the intermetal dielectric layer
%6 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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openings. The netal layer 100 is etched through to the top surface of the
internmetal dielectric layer 96 to form separate 18 netal interconnects. A
passivation | ayer 104 of plasnma- enhanced, CVD silicon nitride is deposited
overlying the metal interconnects and the internetal dielectric |ayer 96,
and the integrated circuit is conpleted. The advantage of the present
invention as shown in the first preferred enbodi nent can now be seen. As
descri bed above, the novel process sequence, and particularly the reduced
t hi ckneesadf ihhertbonstcpol ysi | poosi dayiemn 68yetredogesrt peashakel i hood of the
formation of mcrotrenches 76 during the polysilicon etch. If a

m cr ot ephahcéd,does EOI tohoveMelde s MRiRsisRUKevanty sherthsanddidi on wil |
not result. The novel polysilicon source and drain contacts, conprised of

the secomedrcpah¥sthi 688 +BYeInO2maddll drgwenrt-ia nr_a%,@k §80rind ram
occurring. The second polysilicon layer 92 wll fill or cover any

m crot reneheards Lhatypecys . Rgeause of the polysilicon source and drain
contacts, cCurrent will wap around the mcrotrenches 76 and fl ow w thout

defect. In addition, because the source and drain contacts are nade wth
the second polysilicon layer 92, no deep netal spikes will occur. Any

met al Sp'k'%gem%hbaggaégtgk the present invention as shown in the

first preferred embodiment can now be geen. As described above,
the novel process seguence, 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
pelysilicon layer 92, will prevent a metal short from occurring.
The second polysilicon layer 92 will £ill 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. 1In 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 consequence.

Therefore, yield loss due to shorts is eliminated.
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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 same as that for the
gate. Consequently, the present invention creates a preferred etching
topol ogy that is easier to manufacture. Referring now again to Fig. 4, a
second pr ef &inedlyenbodi pelysofiddre quresent pilangentoontt | solnsredescey i bed.
The substrate 60 is again preferably conposed of nonocrystalline silicon.
Shal | odrtienehgisntatadas ({15 1)evi arfe thenventirosakl ydiéDeseetd ke
substrate 60 as a neans of separating active device areas. Local oxidation

of siliseorchtEOSPpenuhg &, berndisadH Qle%ﬁ:@iat:é theatsotaidLut regions. A
gate oxide layer 64 is forned overlying the silicon substrate 60. The gate

oxi de bayaing84ronythe fonred dng tdlearlwllsoys@@ht@m@{, m@ Sistfate 60 or

by chemnical vapor deposition (CVD). A gate electrode |ayer 68, or first

metal layer £88, ths gQ@QOS'é&%é&{f‘éﬂﬁﬂwgtEQe gagenexmseﬁem S e gate

el ectrode Ilayer 68 can be deposited by phySical vapor deposition (PVD) or

a preferred 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 1s 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 oxidation of the substrate 60 or by

chemical vapor deposition (CVD).

A gate electrode layer 68, or first metal layer 68, is
deposited overlying the gate oxide layer 64. 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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CVD. In the preferred enbodi nent, the gate electrode layer is deposited by
CVD. The gate electrode | ayer 68 may be conposed of titanium titanium

al l oys, alum num alum num alloys, 20 tungsten, tungsten alloys, copper, or
copper alloys. In the preferred enbodinent, the gate el ectrode |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 deposited overlying the gate electrode |ayer 68. The silicon nitride
| ayer itsindepesi t edngaten 4PV pragess., The cobpeknet3segs of lmeclgat e

el ectrode |l ayer 68 and the silicon nitride layer 72 are inportant features
of thepreceonddeshbdiimatt of thdeygireesdrictirdvientlhgar §hei€opdmgieiked, hi ckness
of the gate electrode |layer 68 and the silicon nitride |layer 72 wll

creat e tbeekbfpl et hbckaessa@ dihe MIBHELh MREakdegalereleed radeysddnh t he
preferred enbodi nent, the gate electrode |ayer 68 is deposited to a

t hi ckness cgf abgt MEeRNoADPEM L D08 ANASIIOR,31¢: 1500Apgst rons. The silicon
nitride layer 72 is deposited to a thicknesS of between about 500

Angstrons and 1500 Angstronms. A thin gate electrode |layer 68 at this point
in the process is inportant. Because the netal thickness is reduced, the

etch A silicon 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 laver 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. In the preferred embodiment, 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. In addition, the grazing energy for

the etch ions is reduced.
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time for the netal is also reduced. This lowers the probability of
mcrotrench formation. In addition, the grazing energy for the etch ions
is reduced. 21 Referring nowto Fig. 5 the silicon nitride |ayer 72 and
the gate electrode | ayer 68 are etched through where not protected by a
mask, which is not shown, to formtenporary gates for planned MOSFETs. The
gates are terned tenporary, because, during the subsequent processing
steps, the silicon nitride layer 72 will be renoved and replaced with
addi ti onal Retfalrrifigenetwchoi Bigers orthed dislingra ndamidnt iapal 72actdve ion
etching (RIE) process with a preferred etching chem stry of either SF6 and

02 or BEE3gaCle? eleantdold lafRef €8 idge newHad Firgough WhBgeanéti npl anted into
the substrate to formlightly doped junctions 80 where the tenporary

gates, m@rRdteaduef at heski | #BOEH Nid ridle diyel, & Fagdmt E@a@%&f§£y JRiad |ayer
68, and the isolation regions act as inplanting nasks. e lightly doped

juncti oy 8Qahhde M@Bﬁﬁ@sareTﬁgléatéﬁiéﬁgﬂiéﬁ%é%h%e%E@Eeg?aﬁgéauJ@? I on

inplantation is performed conventionally using an inplant species of

ei ther i, @k SPoakqAbnt é@@és% Qe et wggn ag Ubn1x31pldsat ons/ cne
and 1x105 g?%ns/cnﬂ ang an g%ergy 0 et ween about 8 ngﬁandl%% KeV.
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 SFg

and O; or BCls, Cl,, and 0,.

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 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 spacers 84 are

conventionally formed. The sidewall spacers are preferably

composed of silicon dioxide that is anisotropically etched to
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Referring nowto Fig. 7, sidewall spacers 84 are conventionally forned.
The sidewal| 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 heavily doped junctions 88 where the tenporary gates,
the sidewall spacers 84, and the isolation regions 62 act as masks for the
i mpl anttatrmotihandivhertl sbhacdenvid adicpethtr ¢gi ahs 88mpodathegdtightdnd doped
regions 80 formthe source and drain junctions for the planned MOSFETS.
The i orvienplyangati part sopethorethtcloniidddorahky ivasngoan i npl ant speci es
of either P, As, or Sb at an inplant dose of between about 1x1015 atons/cn?
and 5x10'5 atons/cnR2 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 substraner60. thbesPUEPISE Haddres dAariLlrcha¥ar isnkoaeli mnate netal
diffusion into the substrate 60. The barrier |ayer nmay be conposed of any

of Sevahdhant bl 8REOM YnOBL@lS: A 6 d W GRILhY nebll; SOMBLHEE | A 1dhs
refractory netal nitrides. In the preferred enbodi nént,” the
88 where the temporary gates, the sidewall spacers 84, and the
igolation 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, Ag, 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 into the substrate
60. The barrier layer may be composed of any of several
refractory metals used, typically, in combinaticon with
refractory metal nitrides. In 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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barrier layer 108 is conprised of titaniumnitride and tantalum nitride
deposited by plasma enhanced CVD to a thickness of between, about 50
Angstronms 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 degrees C. The barrier

| ayer 108 overlying the silicon nitride layer 72 of the tenporary gate is
al so renovedefE&heibgrnoertd aysy. 108 dienmaind covenliyringet heystibat riate 60 in
non-gate areas. By waiting until after the formati on of the MOSFET sources
and deagichedandagi devht | s SpoEdt il ilde ey e st beeFebhB0N &Aiddt daccH ayer

72, the present invention insures that the subsequent processing to finish

t he gatempdhidifg anéhéﬁﬂéﬁﬂ{]c@mﬁg@’bLViﬁﬂosMﬂe RGeQNRkI ghed wi t hout
additional dry etching at the source and drain region substrate 60

surfaceemfBi-at88EVEE HOLRESY BMoudddid IRRAldapRg8a $HENaaS & L£r@1 renching.
Referring now to Fig. 15, a second netal Tayer 112 is deposited overlying

e SeILEpLSIBt 10 6 Stpon 8 WMol fuemibe spponeL el
alloysthgoegﬁborQQy gate is also removed. The barrier layer 108

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

walting 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 subseqguent

processing to finish the gate, drain, and source connectivity

can be accomplished without additional dry etching at the source

and drain region substrate 60 surface. Thig 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 PVDE 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 Angstroms. In the preferred embodiment, the second metal

layer 112 is comprised, for example of a stack of titanium
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copper alloys. The netal nmay be deposited using PVD or CVD. In the
preferred enbodi nent, the second netal layer 112 is deposited to a

t hi ckness of between about 1,000 Angstronms and 1,500 Angstrons. In the
preferred enbodi nent, the second netal |ayer 112 is conprised, for exanple
of a stack of titanium 24 nitride overlying tungsten or of a stack of
“tantalumnitride overlying copper. Referring nowto Fig. 16, another

i nportant part of the present invention is described. The second netal

| ayer hiZriide pukirshédgt oubgbiosm tde dbm surddkces obnthéusi dewalde spacers 84
to conplete the MOSFETs by form ng permanent gates fromthe tenporary

gat es, camradlydnbornppenducti ve connections to the source and drain
junctions. The polishing step is performed using a conventional chem cal
mechani cal polishing (CMP) process selective to netal. In this step, the
advantage of formng the sidewall spacers 84 prior to formng the second

metal | ayer rb¥2rrhRGOABS €beBlg. NOs etLltHEStiep aﬂ€0§§§§r¥f figcause the
sidewal | spacers 84 separate and electrically isolate the second netal

layer 112:bR:CoRaREivAt Dt hesSPGE, Uil @eﬁ%ﬁ gatgl [ggLpnsix Referring

now to Fig. 17, second netal layer 112 and the
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 ig performed
using a conventional chemical mechanical polishing (CMP) process
selective 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 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 connections.
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
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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
is perforned, it does not <create additional mcrotrenching problens or
substrate danmage 25 because the etching Iine is over the isolation regions
62 and not over the shallow junctions 80 and 88. An internetal dielectric
| ayer 116 is deposited overlying the MOSFETs, the substrate 60, and the

i sol at beranegi bhe 62chifhelimt ersretadr ditel écbilirtibayeegidfs néd el any of
several conventional materials deposited by conventional techniques. In

t he pr ebér pedrenhedshehlowt hendmiterarettalandi elgectric | ayer 116 is conposed
of silicon dioxide deposited by LPCVD. Referring nowto Fig. 18, the
internetal dielectric layer 116 is etched through, where not protected by
a mask, which is not shown, to the second net-al l|ayer 112, to form

contact OpenhngﬁtéemébglQ@iéiééﬁﬂlé(1é¥@% qq%da@taégogga@@0@¢é&myfﬂ§' t he
sources and drains. Athird netal |ayer 120 is conventionally ‘deposited

overlyichg MBSrhRLer pREabuch@lacd rd 1AV 126 :aBdati bhi Rgg1des cont act
openings. The third metal layer 120 is etched through to the top surface

of theTh@t%EHE&ﬁEtQieéﬁéiééﬁilc layer 116 may be any of several

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

composed of silicon dioxide deposited by LPCVD.

Referring now to Fig. 18, the intermetal dielectric layer
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 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

iayer_116, and the integrated circuit is completed.
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| 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 CWMP to formthe source
and drain connections, reduces the |ikelihood of the formation of

m cr ot r enchd@®e7edvhfitagendr ohe eprodeete dossrfrdiom akowbuen, ia et al spi ke
and short condition will not result. The use of a barrier |layer 108 over

t he sowsrmnangréfarnedegnbodimehnt JqEewen e releal, sherGegepibedccurring. In
addition, the netal contact plugs for the source and drain regions raise

the | ewtlovef, the nBtelnptratedsesepidice | ayrRY pa9Gicontacty epenisy «t ch. The
etch depth to create contact openings for the source and drain is

essent iaMH o FermafBeasout-bat ah@rditdie gaimheLARBRIUERBEYest fige Pr esent
invention creates a preferred etching topology that is easier to

manuf agtiwes 1 nBsadbgctAs edoihat fon RELferd R e¥hedismegt s, 1Ehg present

i nvention provides a very manufacturable process for fabricating
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 aielectric 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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shal | ow juncti on MOSFETs with either polysilicon or netal gates that
elimnates junction spikes and shorts in the manufacture of integrated
circuit devices. 27 while 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 form and
details may be nmade wi thout departing from the spirit and scope of the
invention. 28 Cains 1. A method of form ng MOSFET transistors in the
fabri cati onvWbfilanthat égvahedorihauikeate\naoe icodprilyi agownpawdi di ng a gate
oxi de layer overlying a sem conductor substrate; 5 depositing a first
net al Idesenribedr vy chgrsatdeged eco tidpdeitarreddeppsitinegt e shéieon, nitri de
| ayer overlying said first metal layer; patterning said silicon nitride

| ayer andwiandpki caierdfosBtil) diaysy J1G f¥ANikewper aky gahkesvdpioy anned
said MOSFET transistors;

changes in form and details may be made without departing from

the spirit and scope of the invention.
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inplanting ions into said substrate to formlightly doped drain regions
wherein said tenporary gates act as inplanting nasks; 15 form ng si dewal
spacers adjacent to said tenporary gates and overlying a part of said
lightly doped drain regions; inplanting ions into said substrate to form
heavily doped junctions where said tenporary gates and said 20 sidewal |
spacers act as masks for said inplanting and wherein said heavily doped
regions and said lightly doped 29 regions formthe source and drain
junctions for said planned MOSFET transiistsors; depositing a barrier |ayer
overlying said 25 sem conductor substrate; thereafter etching away said
silicon nitride layer; depositing a second netal |ayer overlying said
barrier layer, said first netal l|ayer, and said sidewall spacers; and 30
pol i shing down said sgcesehs®ted #aend aokelrawck-hast sposyr facas of said

sidewal | spacers to conplete said MOSFET transistors by form ng permanent
gates from gabéication of an integrated circuit device comprising:
providing a gate oxide layer overlying a semiconductor
substrate;

5 depositing a first metal layer overlving said gate

oxide lavyer;
depositing a silicon nitride layer overlying said
first metal layer;
patterning said silicon nitride layer and said first

10 metal layer to form temporary gates for planned said MOSFET

transistors;

implanting ions into said subsgtrate to form lightly
doped drain regions wherein said temporary gates act as
implanting masks;

15 forming sidéwall 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 where said temporary gates and said

20 sidewall spacers act as masks for said implanting and

wherein said heavily doped regions and said lightly doped
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tenporary gates, and to form conductive connections overlying said source
and drain junctions. 2. The nmethod according to Caim1 further

conprising: depositing an intermetal dielectric |layer overlying said
MOSFET transistors and said sem conductor substrate; patterning said
internetal dielectric layer to the top 5 surface of said second netal |ayer
to formcontact openings to said gates and to said conductive connections
for said sources and drains; depositing a third nmetal |ayer overlying said
i nternetal deghieotr forhayees amdrde |dridigirsaind joantachs30o#tOsap@ni ngs;
patterning said third nmetal layer to formseparate netal interconnects;
and deposi t pignacflaMSEVET | orath@yeioryerl ying said netal interconnects and
said internetal dielectric layer to 15 conplete fabrication of said

integrated circugkpdeyvteeg 5.bg}gaégﬂjgygﬁmayyydy@ggtgaghain11 wherein said
first netal |ayer conprises one of the group containing: titanium

titani gm al kews cophft BEMuIBsta fwim al | oys,

thereafter etching away said silicon nitride layer;
depositing a second metal layer overlying said barrier
layer, said first metal layer, and said sidewall spacers;
and
30 polishing down said second metal layer to below the
top surfaces of said sidewall spacers to complete said
MOSFET transistors by forming permanent gates from said
temporary gates, and to form conductive connections

overlying said source and drain junctions.

2, The method according to Claim 1 further
compriging:

depositing an intermetal dielectric layer overlying
said MOSFET transistors and said semiconductor subgtrate;

patterning said intermetal dielectric layer to the top

5 surface of said second metal layer to form contact openings

to said gates and to said conductive connections for said
gourceg and drains;

depositing a third metal layer overlying said

intermetal dielectric layer and filling said contact
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t ungst en,

tungsten all oys, copper, copper alloys, titanium5 nitride

overlying tungsten, and tantalumnitride overlying copper. 4. The nethod
according to Claim1l wherein said first netal layer is deposited to
t hi ckness of between about 500 Angstronms and 1,500 Angstrons. 5. Th
met hod according to Caim1l wherein said silicon nitride |layer is
deposited to a thickness of between about 500 Angstrons and 1, 500
Angstronms. 6. The method according to Claim1 wherein said second netal

| ayer ddnpricgpesioge;of the group containing: 31 titanium titanium alloys,
al um num alum num al l oys, tungsten, tungsten alloys, copper, coppe
al l oys, titani ump8thetnide subdltyhivy trungslt dxyeandct @bt-al beparsitéd de

overlying

copper. 7. The nmethod according to Claim1l wherein said

met al | ayer megadepaseiednhocast hhekness of between about 1,000 Angs
and 1,500 Angstronms. 32

15

depositing a passivation layer overlying said metal
interconnects and said intermetal dielectric layer to

complete fabrication of said integrated circuit device.

3. The method according to Claim 1 wherein said
first metal layer comprises one of the group containing:
titanium, titanium alloys, aluminum, aluminum alloys,
tungsten, tungsten alloys, copper, copper alloys, titanium
nitride overlying tungsten, and tantalum nitride overlying

copper.

4. The method according to Claim 1 wherein said
first metal layer is deposited to a thickness of between

about 500 Angstroms and 1,500 Angstromg.

5. The method according to Claim 1 wherein said
gilicon nitride layer is deposited to a thickness of

between about 500 Angstroms and 1,500 Angstroms.

6. The method according to Claim 1 wherein said

second metal layer comprises one of the group containing:
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titanium, titanium alloys, aluminum, aluminum alloys,
tungsten, tungsten alloys, copper, copper alloys, titanium
nitride overlying tungsten, and tantalum nitride overlying

copper.
7. The method according to Claim 1 wherein said

second metal layer is deposited to a thickness of between

about 1,000 Angstroms and 1,500 Angstroms.
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