SHALLOW JUNCTI ON TRANSI STORS WHI CH ELI M NATES SHORTS DUE TO JUNCTI ON
SPIKING This is a divisional application of US serial no. 09/377,543,
filed on August 19, 1999, now issued as US Patent No. 6,297, 109.
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 PrioguAriodheuexiogenepatisanref wwetal coxideasesi spornetmys ficel d
effect transistor (MOSFET) devices will likely use shallow junction
technology in the formati on ofysQures amdxdiai n regions. Shallow junctions
are herein defined as junctions of |ess than 0.15 mcrons in depth. Such
junctions are necessary 1 to further reduce MOSFET channel |engths and thus
achieve greater packing densities and swtching speeds. One problem

encount er ed, |, 4fie use ok..sPal! oupi Hostion oFARM cas s that of junction
spiking. 1t771I's typical in"the ar
09/377,543, filed on August 1%, 1998, now issued as US Patent

No. 6,297,109.
BACKGROUND OF THE INVENTION
(1Y 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 generatiocn of metal-oxide-semiconductor field
effect transistor (MOSFET) devices will likely use shallow
junction technology 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 contact netal conductor layers directly to the surface of substrate
junctions. It is possible that netal will diffuse into the bulk of the
junction and forma spike. In the case of relatively deep junctions, this
spi ke does not necessarily pose a problem For shallow 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 o% t he substr % ur.i ng t.he anneal rocess, hn t he case of
shal | ow j"ThdtFSHES LREVFUNG '%% ?Qﬁéh?ﬁ?%fn t%@rapﬁeggPFiéF &“formati on
will tend to exhibit unacceptable junction | eakage.  Referring to Fig. 1, a
cr oss- seSHSEH o8t PACEARET GFT T T Lo e G oM %arPErAfegrated circuit is
shown. A silicon substrate 10 is shown. Isolation regions, forned by
shallow trench isolation (STI), are also shown 14. A gate oxide |layer 2 18
has been grown or deposited on the surface of the silicon substrate 10. A
pol ysi |l i con | &per pZRbisrdepodinedr eV ekl yiltly udte ofgahé légide rayern 18 as
conventional in the art. Referring to Fig. 2, a reactive ion etch (RIE) has
been devices is that of junction spiking. It is typical in the art

to contact metal conductor layers directly to the surface of

substrate junctions. It is possible that metal will diffuse

into the bulk of the junction and form a spike. In the case of

relatively deep junctions, this spike does not necessarily pose

a problem. For shallow junctions, however, this metal spike can

be deep enough to short across the junction into the substrate

below.

In addition, the use of silicides 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 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 silicon
substrate 10 is shown. Isoclation regions, formed by shallow

trench isolation (8TI), are also shown 14. A gate oxide layex



performed to pattern the polysilicon layer 22 to formthe gate electrode
for a planned MOSFET device. During the etch process, an undesirable
effect call mcrotrenching can sonmetinmes occur. |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 oxide 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

feduce {hennLkslinoodal Jp CLOULANCH 0G. cnEOWRYPLoc IO Scal fopt i dges stl T

occur for ultra-thin gate l'ectrics. Wen a mcrotrench 26 is forned, it

is ali ion f t.al_ j i.0g,SpLk LN t
prpcess%ﬁ%gtféggfééhgZ}g&ESEﬂﬁégopkggﬁégngsggf8?%$?£§%£L¢%%€ ?ﬁ%qgge t he
prior art NCSFﬁg g%guct re are sQognuoTh? %atF elgg%rode, i ncl udi ng

si dewal ¥25patet® 38 Y Has béeh FASF catdd! SHaf'ow [ uncti ons have been
formed with lightly doped junctions 30 and heavily doped junctions 34. An
internetal dielectric |ayer 42 3 was deposited and etched to form contact
openings. A netal |ayer 46 was deposited to fill the contact openings and
patterned toRPEPHE N rtdnects. AFTRACIy VealpaseFvhat i BRE] dyt Peen

performed to pattern the polysilicon layer 22 tc form the gate
electrode for a planned MOSFET device. During the etch process,
an undesirable effect call microtrenching can scometimes occur.
In microtrenching, an enhanced etch attack is seen at the edge
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
selectivity and reduce the likelihood of microtrenching.
However, this effect deoes still cccur for ultra-thin gate
dielectrics. When a microtrench 26 is formed, it is a likely
location for a metal Jjuncition spike to form in subseguent

processing.

Referring to Fig. 3, the results of further processing of
the pricr art MOSFET structure are shown. The gate electrecde,
including sidewall spacers 38, has been fabricated. Shallow
Junctions have been formed with lightly doped juncticns 30 and

neavily deped junctions 34. An intermetal dielectric layer 42



50 was deposited to conplete the MOSFET structure. A netal spike 44 is
shown fornmed in the junction region of the MOSFET. The netal spike 44 may
have formed due, in part, to the aforenentioned mcrotrench 26 feature
fromthe gate etch step or by other neans. The netal spike is shown to
have penetrated entirely through the shallow junction and into the
underlying silicon substrate 10. The short will cause the MOSFET to fai
and this device will be rejected during the testing process. Several prior

art approaches _di scl ase thods.to formgate, ..sour r drain ectrodes
usi ng poﬁﬁﬁ|ﬁﬁaﬁﬁl§ﬁ§ 83%ﬁ$£§?edn%%H%ﬁ?%gVN§5¥¥é%%F§§HHSQUeé.ﬁ F%& Pat ent
5,856, 225 to Lee et | discloses a nethod to formself-aligned, ion

i npl ant e ay@ﬁaﬁﬁewa?e ?8ﬂ§lFﬁgﬁﬁéﬁé¥gFﬁgFi6ﬁfﬁﬁcﬁh8pF8ﬁﬁﬁfigﬂgof source and
drain regions. A sacrificial polysilicon gate is forned and . then renoved
to open tHe "CRARAelOr é8F BN P BT FHIENt At i ri%naléﬁ(emacgﬁsﬁéc‘fﬁ&hPEaEa}ﬁ%IFi shi ng
is used to define the gate electrode froma second polysilicon deposition.
U.S. Pat ertt Wa5, 785025852 € ot YehOmh L 4t € t dat HES HE Iprodce@s$vES - f or m a MOSFET
where 4 the polysilicon contact |ayer for the source and drain regions 1is
defined by a chem cal nmechanical polish. The gate and

A metal spike 44 is shown formed in the Jjuncticn region cf
the MOSFET. Ths metal spike 44 may have formed due, in part, to
the aforementioned microtrench 26 feature from the gate etch
step or by other means. The metal spike is shown to have
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 pelish 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 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



isolation regions are forned in a silicon nitride layer that then is
etched away to | eave the gate and isolation regions above the surface of
the silicon substrate. U.S. Patent 5,674,774 to Pasch et al discloses a
met hod to define source and drain renpote polysilicon contacts by chem cal
mechani cal polishing of a polysilicon layer. U S. Patent 5,767,005 to Doan
et al teaches a process to formfloating gates for EEPROVS using a

chem cal mechanical polish of the polysilicon layer. U S. Patent 5,447,874

to Givpgeelodls i 8CI0S8% @& 968%s 1B:f ehm oudbdl - it @), gt € g SIMVARY OF
THE |1 NVENTI'ON ‘A princi pal object "of the present invention is to provide an

ef fectl ye a0d; Y&l Yo ranuhacliur.able Ebied ofof abki Cabing, shallow | unct i on

MOSFETS i n e manufacture of 'integrate Ircuits. er object of the

present,inyention is to provide a . nethod.to bricate_ shal junction
VCSrETs' PALan £ 190 ok R G Poaat o o' kol ebPbfe phRal EIAN T 5O Je

further_object of th t i tion is t i de, . t hod t
{abr | oat B8net | o U n WOBFETE HOWAPER TRE GHT 8 CErROTTHORY ar e

conprised of polysilicon and in which netal
above the "'surface of the silicon substrate. U.S. Patent

5,674,774 to Pasch et al discloses a method to define source and
drain remote polysiliceon contacts by chemical mechanical
polishing of a polysilicon layer. U.S. Patent 5,767,005 to Doan
et al teaches a process to form floating gates for EEPRCMs using
a chemical mechanical pclish of the pelysilicon layer. U.S.
Patent 5,447,874 to Grivna et al discloses a process o form a

dual metal gate.

SUMMARY OF THE INVENTION

A principal obiject 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.



junction spiking is elimnated by contacting the source and drain
junctions with polysilicon instead of netal. Another yet 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 polysilicon and in
which netal junction spiking is elimnated by reducing the thickness of
the polysilicon gate |layer and thereby reducing the |ikelihood of

m crotrenching during the polysilicon etch. Another further object of the
present invention is to provide a nmethod to fabricate shall ow junction
MOSFETs in which the gate el ectrodes are conprised of netal. Another stil
further object of t i nven

fabricate shal® &w"i EHEEFgEegéﬁﬁ%ﬁs # q%%h%ﬁg%ﬁﬁté%%%gﬁéppoﬁs glkPﬁaV%ée

elimnated by constructing the gate electrodes of netal and there

Gl | M nat g A erotPeAChF hG? Boe Lo thel Bot YN FEGTFRcchn BPARGL RBF VaFe her
obj ect of the present invention is to provide a nethod to fabricate
MOSFETs \iltaFtnppiesyedet 6puPogyed aet adssl Y hiel idical mndsér #81gRd"§afé so t hat
the internetal dielectric coverage and contact etch are made easier. In
accor dancenittilont keisbhects ef imhistédvantiatacd ingwthe source and

drain junctions with polysilicon instead of metal.

Another yet further object of the present invention is to
provide a method to fabricate shallow junction MOSFETs in which
the gate electrodes are comprised of polysilicon and in which
metal junction spiking is eliminated by reducing the thickness
of the polysilicon gate layer and thereby reducing the

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 cbject 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.



met hod 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
polysilicon layer is deposited overlying the gate oxide layer. A silicon
nitride layer is deposited overlying the first polysilicon |ayer. The
silicon nitride layer and the first polysilicon |ayer are patterned to
formtenporary gates for planned MOSFETs. lons are inplanted into the

substrate o Lonn) NN AREAJ-UBe! LARS OB R: L vek ePOT AL Y gat es and

the isolation regions act as Inplanting nasks. A spacer l|ayer Is deposited

over! Vi pothe. gate axide., laven and LBecLRUROr ALY, g8l £5.q The oRager | aver

and thepga e oXi a are ani sotropica etc wal
spacers__adjacent to .the tenporar ates and, overlying a rt, of the
Iightlyaﬂﬁﬁéﬁ fﬁﬁu:ﬁ%ﬁﬁi ﬁQﬁPJeaFQ%i%ﬁkﬁnﬁgdg?ﬁFOE?%elgﬁ%gﬁg%ﬁ% to form
heavi |l y doped junctions where the tenporary gates, the  sidewall spacers,
and t hedi ot bh TUGFHE 00 £STaSks 6P £he TRMDI aAt*Shd where the
heavily doped regions and lightly doped 7 regions formthe source and drain

junctions for the planned MOSFETs. The silicon nitride layer is etched

away. A second polysilicon |ayer is deposited overlying the substrate, the
In accordance with the objects of this invention, a new

method of fabricating shallow junction MOSFETs has been
achieved. A substrate is provided with isclation regions
separating active device areas. A gate oxide layer is grown
overlying the substrate. A first polysilicon layer 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
form temporary gates for planned MOSFETs. Ions are implanted
into the substrate to form lightly doped junctions where the
temporary gates and the isclation regions act as implanting
masks. A spacer layer is deposited overlying the gate oxide
laver 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 Jjunctions 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



si dewal |

conpl ete the MOSFETs by form ng permanent

spacers, and the first polysilicon layer. The second polysilicon
| ayer is polished to below the top surfaces of the sidewall spacers to

and to form conductive connections to the source and drain junctions.
are inplanted into the second polysilicon layer. A silicide layer 1is

formed overlying the surface of the second polysilicon |ayer.

| ayer and second polysilicon |ayer are patterned to form separate
conductive connections, An internetal dielectric |layer is deposited
over | yi ngF @HEWOSRETs LNEhECREBSt PAT edT &Y THE L4S Fﬁbﬁhﬁeﬁﬂéﬁg?dThe
internetal dielectric layer is patterned to formcontact openings to t
gates and@THse cor@uéetiiyeonconhetis obisyFor! & e 966 é&d Yand AdFEFrABY A
netal layer is deposited overlying the internetal dielectric |ayer and

filling

Adeyscdncact lopeni hgsdelhel ved abvdpypemd ¢ hgatst@shad teo £oEm

separate netal interconnects. A passivation |ayer is deposited overlyi
t he net alsiidewerldompectssandntihenhe nf ersetmabl i dligctr ilaverayeffheandcbhe

integrated circuit is conpleted. Also in accordance with the objects of
t hi s i nventlivan,liaonnéwyeet hedpof i labd | catbaigpws hald awy wietfisersMOBFETs has
been 8 achieved. A substrate is provided with isolation regions

sidewall spacers to complete the MOSFETs by forming permanent
gates from the temporary gates, and to form conductive
connections to the source and drain junctions. Ions are
implanted into the second polysilicon layer. A silicide layer
is formed overlying the surface ¢f the second polysilicon layer.
The silicide layer and second polysilicen 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 1s deposited
overlying the metal interconnects and the intermetal dielectric

laver, and the integrated circuit is completed.

Also in accordance with the objects of this invention, a

new method of fabricating shallcow junction MOSFETs has been

gates fromthe tenporary gates,

| ons

The silicide

he

ng



separating active device areas. A gate oxide layer is growm overlying the
substrate. A first netal layer is deposited overlying the gate oxide

|l ayer. A silicon nitride layer is deposited overlying the first netal

| ayer. The silicon nitride layer 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 inplanting masks. A spacer |ayer is deposited

over|yi ngn | be.gat & axile Jayer; and thaeqt GTPAr 8kY1 981 68 rdhfospacer |ayer
and the gate oxide layer are anisotropically etched to form sidewal |

Spacerssgg%g%@@%taocéihﬁe dSMRAr ank.gat es goecO¥ethyl Ngyay PALty Al he

lightly nctions. lons are i nplan into the Substrate to form
heavi | y_doped. | uncti an ere th rar a th ' spacers,
and theoyggf%&%%ﬂ&F%d?%ﬁgngbe'as%hgggggf%$¥?%e5?§%Fa2§ &%gﬁgﬁké%e t he
heavi |l y doped, regi.ons and |l i.ghtl.y doped._ regions formthe, source and drain
junctioﬂ§e$§¥l?%eIﬁ?éﬁﬂﬁﬁ(ﬁfggtffyeﬁ’ bﬁr??g%chyg% F4“8epdsTt ed” overl yi ng
the substrate and the silicon nitride |layer. The sjilicon nitride |ayer is
et ched SHEGS . HHOry Wt ihe TBarTiat Fajer LAYEZovel PFes: LHe SiT1 Coth
nitride. A second netal |ayer is deposited overlying the barrier |ayer,
the sideWatt aphcers,fiamd the ¥l fstveretdP PayErrnFRetcetor 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
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 MCOSFETs. 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



metal |ayer

is polished to below the top surface of the sidewall 9 spacers

to conplete the MOSFETs by form ng pernmanent gates from the tenporary

gates, and t

o form conductive connections to the source and drain

junctions. The second netal layer is patterned to form separate conductive

connecti ons.
MOSFETs, the
dielectric

An internetal dielectric layer is deposited overlying the
substrate, and the isolation regions. The internetal
| ayer is patterned to formcontact openings to the gates and to

t he conductive connections for th rces and drains. Athird_ netal |ayer
5 deposi S ety L REPERES] APErTGE R H1 el eLtPHad IFAyBFTERd PPEFFnG P
contact openings. The third netal |ayer patterned to form separate netal

i nt er conrdtt $ETROFASY] YatPen 2TayeP TRIHEpYINEd & &IVIEFSICRE Bt af'e
interconnects and the intermetal dielectric |ayer, and the integrated
circuit isPUEEETENet 642 1iBRIEFCDESTR P ON R FHEDRAWINGS 1l i St Rétterned

acconpanyi ng

drawings formng a material part of this description, there

i s shown:tFifgsm Bephretghc8ndehenati catngcljdnmst r dtve imtegredg-sect i on

partially co

npl eted prior art shallow junction MOSFETs in an integrated

circuit deMdleetric layer is deposited overlying the MCSFETs, the

substrate, and the isolation regicns. The intermetal dielectric

layer is patterned to form contact openings to the gates and to

the

conductive connections for the sources and drains. A third

metal layer is deposited overlying 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.

i0



10 Figs. 4 through 7 schematically illustrate in cross- sectional
representation preferred enbodi nents of the present invention used to form
shal | ow juncti on MOSFETS. 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 MOSFETSs.
Figs. 14 through 18 schematically illustrate in cross- sectional
representation a second preferred enbodi nent of the present invention used
to formshallow junction nmetal gate MOSFETS. DESCRI PTI ON OF THE PREFERRED
EMBODI MENTS The present invention is disclosed as two preferred

oo e et R g{jesmtche%%ne 91 914580, Lo C gaLenoshal | ow

junction silicon gate e cond. the pr esent

[ ti d t hal NCSF T
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illustrated a cross section of a artlall integrated circuit
devi ce. TTRE"5UBstT S 6D ﬁ%%rsebraeﬁ&fswuea 8&”@0(5?595-

Figs. 8 through 13 schematically illustrate in cross-
sectiocnal representation a first preferred embodiment of the
present invention used to form shallow Jjunction poelysilicon gate

MOSFETs.

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

MOSFETs.

DESCRIPTICN OF THE PREFERRED EMEODIMENTS

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

MOSFETs with metal gate electrodes.

1i



nonocrystalline silicon. Shallow trench isolations (STlI) 62 are
conventionally fornmed in the substrate 60 as a neans 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 fornmed overlying
the silicon substrate 60. The gate oxide |layer 64 may be forned by thernal
oxi dation of the substrate 60 or by chem cal vapor deposition (CVD). A
first polysilicon Iayer 68 is deposited overlying the gate oxide |ayer 64.

The first polysilicon | a can be osite u5| of . ;8 vari ety of
OUD et hoda. | YRESFERSE BHGI DSFF: SRt TR/ 06 ey B8 depolired d'indoped and
then inplanted to reduce reS|st|V|t The fi S|I|con | ayer may
al so  depositéd*t§Fng FRSFEUSEBPT Y. o4 r@t%tplﬁéflé)o Hesbeai HBh r?ﬁ%d
first ponS|I|con | ayer i s deposited by Iom1pressure chem cal
deposi ti 67 {LPEVBPYiACs| | TRBNSHPTFFfe® | WY ers F2X G T@épds COBBO8TEr PE. ng the
first polysilicon |layer 68. The silicon nitride |layer is deposited in a
LPCVD pr deessryFhe lthpekaéssesnof $ihel ¥on stregulty disdledn ongyépTIE8%and € he
silicon nitride layer 72 are inportant features of 12 the first enbodi nent
of the preserntinpvedtyoficrMhe tonbinethbtthiatkneds aof a heahisr € pol ysilicon
| ayer 68 and the silicon

separating active device areas. Local oxidation cf 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 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
polysilicon layer 68. The silicon nitride layer is deposited in
a LPCVD preocess. The thicknesses of the first polysilicon layer

68 and the silicon nitride layer 72 are important features of

12



nitride layer 72 will create the final thickness of the MOSFET gate. By

including a silicon nitride layer 72, that will ultimtely be etched away
and replaced with an additional polysilicon |ayer, the thickness of the
first polysilicon |layer 68 may be reduced while still maintaining the

overall gate thickness desired in the final MOSFET structure. Reducing the
t hi ckness of the first polysilicon |ayer 68 is key to reducing the
frequency of occurrence of mcrotrenches. In the preferred enbodinent, the

oo hnh b SHISOLAMEN AR o deR0BkLednl o) fiyehbLEKNCSmOTchRisaRn about

500 Angstrons an strons. e silicon nitride layer 72 is

AngStr N R (1 How 116 FHG o {ERGTSI P Con B TP T 0 T ayer 73 g

Angstro e silrcon nitrid ayer and the

first polysjlicon |ay are etched rough e not pretect mask,
whi ch i%lﬁﬁ%d%r&ﬁwﬁrti?f%ﬁﬁit%ﬁﬁ@ aigeg§?8éwh$%%CEP%%%e%9N§§%E$¥Q¥?ﬁe gat es
are terned teg&yrary, because, _ during the subse uigt Process'ng steps, the
silicondaferi It \f |%llB€OPeﬁﬁGéadanEjaV88| ed 0f t i alddi ti onal
polysilicon. The etch is performed using either a reactive ion etching
(R E) procasstely Pt @icch 2R preferredaredctivB #Bn2931 bt ¢¥ brocess for

this step conprises SF6 and 2 or HBr, SF6, and o
polysilicon layer, the thickness of the first polysilicon layer

68 may be reduced while still maintaining the overall gate
thickness desired in the final MOSFET structure. Reducing the
thickness of the first polysilicon laver 68 is key to reducing
the frequency of occurrence of microtrenches. 1In 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 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
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02. A preferred wet etch conprises H3PO4 (phosphoric acid). As noted
earlier, the use of the silicon nitride layer 72 to fill out the total

t hi ckness of the gate allows the first polysilicon |ayer 68 to be thinner
than in the conventional art. During the polysilicon etch, it is stil
possible for mcrotrenches 76 to occur. However, because the first
polysilicon layer 68 is thinner, fewer mcrotrenches will occur in
practice. This feature of the present invention will reduce the yield |oss

due to net.al i ke _through, mcrotrenches._ Referri 0 i g..:0, Lons are
i npl ant ed%tl%n toﬁgsssgggt Fg%n%' ?‘gé?o(f?n};ffislg%et% ys%osgg ]B%J\Iflgé iq{oér?é &g%(m%g(g t he
tenporary. gate he first

S onprised of the silicon nitride,layer 72 and

pol ysili¢8n | y%#e%%£¥éﬁmﬁ?§m§§%§ﬂgﬁmgﬁ%SF@gﬂé% 4a%¥“§%$“%ﬁﬁlﬁﬁ%?%g nmasks.
The lightly doped junctions 80 thus forned are self-aligned to the MOSFET
gates. The ion inplantation is perfornmed conventionally using an inplant
species of either P, As or Sb at an inplant dose of between about 1x1014
at oms/ cn? and A31xCOtFatenBiene ahel it etferdie ofl PétiRedr taBEGL L128°KeV2 and 80
KeV. Referring nowto Fig. 7, sidewall spacers 84 are conventionally
formed. The Sildewaltl thpaterslarel pred ey abi helgadenmpodedsoftngi FLEdh di oxi de
that is anisotropically etched to

polysilicon layer 68 to be thinner than in the conventional art.

During the polysilicon etch, it is still possible for

microtrenches 76 to occur. However, because the first

polysilicon layer 68 is thinner, fewer microtrenches will occur

in practice. This feature of the present invention will reduce

the yield loss due to metal spike through microtrenches.

Referring now to Fig. 6, ions are lmplanted into the
substrate tc form lightly doped juncticns 80 where the temporary
gates, comprised of the silicon nitride layer 72 and the first
polysilicon layer 68, and the iscolation regions act as
implanting masks. The lightly doped junctions 8C thus formed
are self-aligned to the MOSFET gates. The ion implantation is
performed conventionally using an implant species of either P,

2

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

14



formthe sidewal | spacers 84 adjacent to the tenporary gates and overlying
a part of the lightly doped junctions 80. After the sidewall spacers 84 are
formed, 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 inplantation and where the
heavily doped regions 88 and the |ightly doped regions 80 formthe source
and drain junctions for the planned MOSFETs. The ion inplantation is

pertor g Convent onal L US19.80. b v 50 gﬁ@%&%ﬁéafwcﬁd% or

at an inpl ween-a

5x| Ol5at ons/ cnRand. an ener en _abo 0 KeV and rring
now to EPER B'e st HE i my e&ﬁtBQSﬁge?CSPQ ﬁg g??rg?m%%% régﬁ

present invention is shown t he gcs |nc% dlng S|dewal

spacer sO8AT LG fH v, q%é*“%ﬁPQEGAYnﬁPPF 3P8§E?o9§ @'etched away. The

silicon nitride etch is preferably a wet etch conprising a chemstry of
H3P04 (phosphoric acid) at between about 120 degrees C and 180 degrees C.
Gt her chem stries could al so be enployed to conpletely etch away the
silicon nitriffect ayer FixleByi waicwicegsufiti Rraf feFnefe ~¢F nd%$ on of the
MOSFET sources and drains and sidewall spacers 15

implanted into the substrate 60 to form heavily doped junctions

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 icn implantation is performed conventionally using an
implant species of either P, As, or Sb at an implant dese 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, the
silicon nitride layer 72 is etched away. The silicon nitride
etch is preferably a wet etch comprising a chemistry of H3PO4
(phosphoric acid) at between about 120 degrees C and 180 degrees
C. Other chemistries could alsc 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

15



84 to renove the silicon nitride |layer 72, the present invention insures
that the subsequent processing to finish the gate, drain, and source
connectivity can be acconplished without additional dry etching at the
source and drain region substrate 60 surface. This serves to prevent
addi ti onal damage, such as mcrotrenching. Referring nowto Fig. 9, a
second polysilicon layer 92 is deposited overlying the substrate 60, the
sidewal | spacers 84, and the first polysilicon |layer 68. The second

polysilicon,_ |ayer. 92 can _be.deposited, usin of var.i f .
et hods. TS SSUGHA BOLySITi Con Thyer 9z ey b2 adies et chudepeat aa
then inplanted to reduce resistivity. The second palysilicon ayer 92 may
e Qeposi FEE Y (HHET A oBERECSFER T HE Brershiod® gharimsie. SR8’ second
polysilicon | ayer is deposited, undoped, hy |ow pressure chem cal vapor
deposi t i S APPCIBF F@%%F@Rﬁ%‘é‘é”b‘% bﬁ% HBSP 11,5066 ﬂﬁﬁgPPBmS and
1,500 Angstrons. A |large w ndow of values is used here to facilitate CWP
process GoltiFdlonaReferr FAGLHBW 80 FiY. SAO CanBthelr difpsecant paretsftehe
present invention is described. The second polysilicon layer 92 is

pol i shed &% sygifewet-he Thop sarvaseso dﬁrw@tsiaﬁ%enﬂor@ﬁa@@m@gsaf spghcafpl et e
the MOSFETs by form ng pernanent gates fromthe tenporary gates, and to

f or m condugtriore sconiegt.i ons to the

Referring now to Fig. 9, a second polysilicon layer 92 is
depeosited overlying the substrate 60, the sidewall spacers 84,
and the first polysilicon layer 68. The second polysilicon
layer 92 can ke 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 seccond polysilicon
layer 22 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 impertant part of the
present invention is described. The second polysilicon layer 92
is peolished 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



16 source and drain junctions. The polishing step is perforned using a
conventional chem cal nechanical polishing (CMP) process selective to
polysilicon. In this step, the advantage of formng the sidewall spacers
84 prior to formng the second polysilicon |Iayer 92 becones clear. No
etching step is necessary, because the sidewall spacers 84 separate and
electrically isolate the second polysilicon layer 92 in contact wth the
source, drain, and gate regions. Referring nowto Fig. 11, ions are

| mplant gd, | 08 0, 01%y. Seeond Aalysi ! A0 Layerndg, Jhe 1Plantalion i s

perforned as 1S conventional in'thé art to reduce the resistivity of the

second po|ysili | ay. 2. .The i inplant at i ' f d '

7ol ant S SpR] B GV T IO PRSI CE B ARCH el AN Hbs b T BRtusen about
1x1015 atons/cn? and 1xl Q76at ons /cnRand an energy_of betmeeqfabout 20 KeV
and 80 KeVECHI &R |T¢iRRI Yy e84 | &0t 6Eﬁ§d36$8r|§/¥1%ga‘?‘ﬁ Msq#Y ate of the

second polysilicon layer 92. The purpose of the_siljcide |ayer 4 is also
to redut@riied rge stidaual oS PerEersefdnBrp8FyEPI fEBAIRY ayet T °%he silicide
| ayer 94 is forned using a conventional process with a netal species of
Ti, Co,reiyNlidqie kivqxifde becayper g4ess - f oNRedtRASTA $HiRkhess of between
about 200

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 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

enerqgy 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, or Ni. The silicide
layer 94 so formed has a thickness of between about 200

Angstroms and 600 Angstroms.
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Angstrons and 600 Angstroms. 17 Referring nowto Fig. 12, the silicide

| ayer 94 and second polysilicon |ayer 92 are etched through where not
protected by a nask, which is not shown, to form separate conductive
connections. By selectively etching in this step, local connects in the
second polysilicon layer 92 could be made to other devices. This etching
step is perforned using conventional etching techniques. Although
polysilicon is etched, it does not create additional mcrotrenching

probl ens 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
shal l ow junctions 80 and 88. An internmetal dielectric |layer 96 is depgsited
overlying th&ENMESEETY, "PHetSubs¥r ate 601¢ it ¥HeS é@W&Fi%ﬁ F@&iﬁﬁgogg.

The internmetal dielectric |layer 96 nmay be any of several conventi onal

mat er i al PUeFoiced Byyesniéntronalchedhritpicd here Retpperéeregd by a
enbodi nent, the internetal dielectric layer 96 is conposed of silicon

di oxi de d&pdsi tvdd dby LsPEYD. sRefer r i gt oW 1epFiahe RnAISE 1Vt er et al
dielectric layer 96 is etched through, where not protected by a mask,
whi ch i s cargtecshiows,. t 8yt helstticéte ¢aylein®4in ttdhforahepontlace lopeni ngs to
connects in the second polysilicon layer 92 could be made to
other devices. This etching step 1s performed using
conventional etching techniques. Although poliysilicon is
etched, 1t does not create additional microtrenching problems as
experienced with the first polysilicon layer 968 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 regions 62.
The intermetal dielectric laver 96 may be any of several
conventional materials deposited by conventional techniques. In
the preferred embodiment, the intermetal dielectric layer 96 is

compesed of silicon dioxide deposited by LBCVD.

Referring now to Fig. 13, the intermetal dielectric layer
96 is etched through, where not protected by a mask, which 1is
not shown, to the silicide layver 94, to form contact openings to

the gates and to the conductive connections for the sources and
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the gates and to the conductive connections for the sources and 18 drai ns.
A netal |ayer 100 is conventionally deposited overlying the internetal
dielectric layer 96 and filling the contact openings. The netal |ayer 100
is etched through to the top surface of the internmetal dielectric |ayer 96
to formseparate netal interconnects. A passivation |layer 104 of plasma-
enhanced, CVD silicon nitride is deposited overlying the netal
interconnects and the internetal dielectric layer 96, and the integrated

cireuit,is, conplets g;alT*l% advaghage etntggtpéﬁéfm dé(]y@étﬂém A SRAWY i N

t he Iflrs preferre enbodi ment can now be seen escri bed above, ~ the
nove rocess_seguence, part i of the

fi rsttptbit ﬁjirﬁ%rghd Qy&‘l €6iL§Ct I ?hgg %Q(g {fﬁfﬁ? étthg ormation of

m crotrenches t oly icon | ¢rot.ren 76 does
form HREVEISa tﬂﬁtﬁ%t§g'Q§%§ﬁdigRotf 8%%@6? %nguq Hott el . The
novel polysilicon source and drain contactsﬁ8?¥n$$|sed of the se nd

pol ysi | &bkt ayer 9 WUrTstéveRt SASmETaF S ot ocEut rI e

second polysilicon layer 92 will fill or cover an m crotrenches 76 that
occur. Beedusengfraegsdisysi P 8fsdFaréan éﬁaear%@(ﬁ o BT " current will

wrap around the m crotrenches
enhanced, CVD silicon nitride is deposited overlying the metal

interconnects and the intermetal dielectric layer 96, and the

integrated circuit is completed.

The advantage of the present invention as shown in the
first preferred embodiment can now be seen. As described above,
the novel process 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
polysilicon layer 92, will prevent a metal short from occurring.
The second polysilicon layer 92 will fill or cover any
microtrenches 76 that occur. Because of the polysilicon source
and drain contacts, current will wrap around the microtrenches
76 and flow without defect. In additioen, 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
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76 and flow without defect. In addition, because the source and drain
contacts are nade with the second polysilicon |ayer 92, no deep netal
spikes will occur. Any netal spiking will be into 19 the polysilicon |ayer
and will thus be of no consequence. Therefore, yield |loss due to shorts is
elimnated. Finally, the polysilicon contact plugs for the source and

drain regions raise the level of the internetal dielectric |ayer 96
contact opening etch. The etch depth to create contact openings for the
source and drain essentially the ane as b%i%é for the gate.

Consequeﬁ?“?f”ﬂﬁ?l§ﬁ§§§nﬁaVﬁ§e P{ ofit £f eBe3 éfePéd S&8-ERICRg t opol ogy
that is easier to manufacture. Referring now again to Fig. 4, a second
pr ef er r ed P EifGdisent €of! £RESpregen? ?%@%ﬁﬁlkﬁ}Qﬁqmln@éeﬁescrlbed The
substrate 60 is again preferably conposed of nonocrystalline silicon.
Shal | ow trench isolations (STlI) 62 are conventionally forned in the
substrate 60 as a neans of separating active device areas. Local oxidation
of silicon (LGIOS) lgoultdeabsdybel iosedctntaregtleidshd drsdhat isomrceghofls. A
gate oxide layer 64 is forned overlying the silicon substrate 60. The gate
oxi de | ayrrairb&enynise rbaspedhbyleher nal Oxe datticomeafa it hig edehstriat @agéror
by chem cal vapor deposition (CVD).

96 contact opening etch. The etch depth to create contact

openings for the scurce and drain is essentially the same as

that for the gate. Consequently, the present invention creates

a preferred etching topology that is easier to manufacture.

Referring now again to Fig. 4, a second preferred
ermbodiment of the present invention will be described. The
substrate 60 is 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 alsc 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, 1is
deposited overlying the gate oxide layer 64. The gate electrode

layer 68 can be deposited by physical vapor deposition (PVD) or
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A gate electrode |ayer 68, or first netal |layer 68, is deposited overlying
the gate oxide |layer 64. The gate el ectrode |ayer 68 can be deposited by
physi cal vapor deposition (PVD) or 20 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 titaniumalloys, alumnum alum num alloys,
tungsten, tungsten alloys, copper, or copper alloys. In the preferred
enbodi ment, the gate electrode |layer 68 is conprised, for exanple, of a

stack of,titan L&fﬁeng&feif%%rgzﬁ%kxgagmgH@g_s Lgn gl of 1 @ Staek 10fy drantal um
pper. SI e |

nitride overlying ¢ fcon nitri ayer 72 1s deposited overlying

th t | ectrode | 8. T i L itri [ jt.ed
LPOVD I ee ot i bkndleeg or hesGare et otts oy o 6o B tne
silicon nitride |ayer 72 are inportant features q{it$e€1§ﬁ%%pd enbodi ment
of the‘bﬁé%@ﬁ?”ﬂﬁbeﬁﬂF&ﬁ}u?hglggﬁﬁfn@ U PR @ TG T HE g

€ el ectrode

| ayer 68 and the silicon nitride layer 72 will create the fin H}thickness

of "t he NMOBEEE Trettan 9 S§4fe 2dHEYEr 08BPPER, t RE PrTeRT rE ‘%ﬁ%odﬂ#éﬁif the gate

el ectrode layer 68 is deposited to a thickness of between about, 500

Angst r aree Bk S GOAIgSEnGms thThE 28Rl PEBRTHPER | tRY$ayRt 2 FLPYeiskited to

a thickness of between about 500 Angstrons and 1500
for example, of a stack of titanium nitride overlying tungsten

or of a stack of tantalum nitride overlying copper.

A silicon nitride layer 72 is deposited overlying the gate
electrode layer 68. The silicon nitride layer is deposited in a
LPCVD process. The thicknesses of the gate electrode layer 68
and the silicon nitride layer 72 are important features of the
second embodiment of the present invention. The combined
thickness of the gate electrode layer 68 and the silicon nitride
layer 72 will create the final thickness of the MOSFET metal
gate electrode. 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 prchbability
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Angstrons. A thin gate electrode layer 68 at this point in the process is
i nportant. Because the netal thickness is reduced, the etch tinme for the
nmetal is also reduced. This |lowers the probability 21 of mcrotrench
formation. In addition, the grazing energy for the etch ions is reduced.
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 psequent. processing steps,. the

Si 11 con it MGECARET F5EMRFEBe r COYRH Srl T ol Cad Aitch SRadeH Shal
netal. The etch is perfornmed using a conventional reactive ion etching
(RIE) prod&s<8ft HoRSpréf ERFBESEt ching chemistry of either SF6 and 02 or
BC13, Cl12, and 02. Referring nowto Fig. 6, ions are inplanted into the
substrate to formlightly doped junctions 80 where the tenporary gates,
conprised of the silicon nitride layer 72 and the first netal |ayer 68,
and t he i sol athedienrégiconswasr &39i npl ahied ngt 1 ek 11 thiald ilgivelry 7doped
junctions 80 thus forned are self- aligned to the MOSFET gates. The ion

i npl ant attiton g perleaitmede layer 68 are etched through where not

protected by a mask, which is not shown, to form temporary gates
for planned MOSFETs. The gates are termed temporary, because,
during the subsequent processing steps, the silicon nitride
laver 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 0, or BCly, Cl,, and 0O».

Referring now to Fig. 6, ions are implanted intc the
substrate tc form lightly doped junctions 80 where the temporary
gates, comprised of the silicon nitride layer 72 and the first
metal layer ©8, and the isclation 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.
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conventionally using an inplant species of either P, As, or Sb at an

i npl ant dose of between about 1x1014 atons/cn2 and 1x1015 atons/cnR and an
energy of between about 20 KeV and 80 KeV. 22 Referring nowto Fig. 7,
sidewal | spacers 84 are conventionally forned. The sidewall spacers are
preferably conposed of silicon dioxide that is anisotropically etched to
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

formed, ions,ate igplantsd iito the substiate 80.fo formpeavi|y doped

junctions he tenpor ry gat'es dewal | spacers 84 and the

isolation re |ons t as, masks for, th | ant at i t he

heavi | yCdop ]gﬁ’%%gmﬁﬁb t 5e|P¢HFV§fﬁo%§%C?%%l%ﬁ§ égr%%yg t he source
and drain junctlons for the planned MOSF on i antqﬁxp S

per f or nedeHRMS oraliSPUS IR IES HPapI éﬁtagbﬁfipé%pb?agﬂfh%i? RESO or Sb
at an i nplant dose of between about |x1015 atons/cn2 and 5x1015 atons/cn®
and an &pergiyhe oiidsetadderfrassre 29 REVASABT8BOKEYS REPRPTIBY IVt is
deposited overlying the silicon nitride |layer 72 and the substrate 60. The
pur posecoérinieng barrdwr dfaydre ils ohé lel dapadt euRetaPndi$fusion into the
substrate

After the sidewall spacers 84 are formed, ions are
implanted into the substrate 60 to form heavily doped junctions
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 regicns 88 and the lightly doped regions 80
form the source and drain Jjunctions 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
petween 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
parrier layer is to eliminate metal diffusion into the substrate
60. The barrier laver may be composed of any of several
refractory metals used, typically, in combination with
refractory metal nitrides. In the preferred embodiment, the

barrier layer 108 is comprised of titanium nitride and tantalum
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60. The barrier |ayer may be conposed of any of several refractory netals
used, typically, in conbination with refractory netal nitrides. In the
preferred enbodi nent, the barrier layer 108 is conprised of titanium
nitride and tantalum 23 nitride deposited by plasm enhanced CVD to a

t hi ckness of between about 50 Angstrons and 200 Angstrons. Referring now
to Fig. 14, the silicon nitride layer 72 is etched away. The silicon
nitride etch is preferably a wet etch conprising a chenistry of H3P0O4

h h t t f_ bet bout 12Q C and 180
éggfzgsoéi $%f BﬁgpﬁgFePagger?6§£%v§?I?$‘%fe é?§§¥|c i rggsFaygp 72 of

the tenpaqr ﬁﬁé ate is also renoved. The barrier |ayer 108 remains
overlyin BECREt 8 O6OPPATABAS gAte A A B O%gai ting until after the
formati on of the MOSFET sources and drains and sidewall spacers 84 to
renove the silicon nitride layer 72, the present invention insures that
the subsequent processing to finish the gate, drain, and source _
connectivity FRedgréndceonpkpshed. w¢houte atidiidanall tdriyleetlelierig7dt 16he
source and drain region substrate 60 surface. This serves to prevent
addi t i ondtdavageaysuchihas sii éronrenchidy.e Ref ery i lrowitly Ei getléich
second netal |ayer 112 is
comprising a chemistry of HiP0,; (phosphoric acid) at a
temperature of between about 120 degrees C and 180 degrees C.
The barrier layer 108 overlying the silicon nitride layer 72 of
the temporary gate is 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 inventicon insures that the subsequent
processing te finish the gate, drain, and source connectivity
can be accomplished without additional dry etching at the source

and drain region substrate 60 surface. This serves to prevent

additional damage, such as nicrotrenching.

Referring now to Fig. 15, a second metal laver 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, oOr
copper alloys. The metal may be deposited using PVD or CVD. In

the preferred embodiment, the second metal layer 112 is
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deposited overlying the barrier |ayer 108. The second netal |ayer 112 may
be conposed of titanium titaniumalloys, alumnum alum num alloys,
tungsten, tungsten alloys, copper, or copper alloys. The netal my be
deposited using PVD or CVD. In the preferred enbodi nent, the second netal
| ayer 112 is 24 deposited to a thickness of between about 1,000 Angstrons
and 1,500 Angstrons. In the preferred enbodi nent, the second netal |ayer
112 is conprised, for exanple of a stack of titanium nitride overlying

tunglst e&igésfée& & ark e LA alo‘f%@}tb@egeabQM@ri{b@@ £OPPCLonSefRI ring now

anot her 1nportant part o he present I1nvention Is described.
The sec er 1 pol.i.s t e f, the
sidemal? g%gg%r%§%f %%hp grefeqﬁgg %?BSQQM%B£h1%ﬁgﬁ%%%%ﬁ£§%3%%te
fromth ates o form conductiv ctlons to the
sour ce gﬁ Pﬁf %ﬁ%?%ﬁﬁ?e h Oﬁo@ﬁ@ﬁ?ﬁ ?eﬁ ?gaﬁg g heeP” Wing a
conventi onal chenlcal mechani cal polishin % process selectjve to
metal . PATEHIS SEEpYihe Beatesgerort férgf aktﬂé t%PBfést&ﬁcAe@rs 84

prior to formng the second netal layer 112 becones clear. No etching step
i s neceSSaryylbeciideethe sidewall spacers 84 separate and electrically
i sol ate the second

Referring now to Fig. 16, another important part of the
present invention is described. The second metal layer 112 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 conventicnal chemical mechanical pclishing (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 1s 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
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metal layer 112 in contact wth the source, drain, and gate regions.
Referring nowto Fig. 17, second netal |ayer 112 and the barrier 108 are
etched t hrough where not protected by a mask, which is not shown, to form
separate conductive connections. This etching step is perfornmed using
conventional etching 25 techniques. Although an etching step is perforned,
it does not <create additional mcrotrenching problens or substrate danage
because the etching line is over the isolation regions 62 and not over the

shal | ow j,ungt 80 an An. i er .11 ¢
deposi t ed over11(/E ?ﬁgh%&EE% QEﬁ %bste?da ?erllf%lj 'elljcsgloggl r(:E)Cr)l
regions 62, aJeh%dd,l%%ﬁeEa'mg' eggcltqg}ggnl jbta s MY su%s"% 2, Qf déﬁgﬁéa'
convent i onal” materiars 8ep03|Fe %y conventional techii gues. e
preferred enbodi internmetal dielectric

, 116 IS osed of
Bl ¥ con iS¢ QBBosiERA™By EPEVES BEFbr 1. TR08 S5 F T 1EBS PRannd
internetal dielectric |aye 116 is etched through, where not protected by
a mask, WHicrRvsE tﬁ@tsgﬁg%ﬁw pBREhecsecthdetHl | ayer 112, to form cont act
openings to the gates and to the conductive connections for the sources
and drains. Athird netal layer 120 is conventionally

An intermetal dielectric layer 116 is deposited overlying
the MOSFETs, the substrate 60, and the isocolation regions 62.
The intermetal dielectric layer 116 may be any of several
conventional materials deposited by conventional technigques. 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 eizched 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 i1s conventionally
depcsited overlying the intermetal dielectric layer 96 and
filling the contact openings. The third metal layer 120 1is
etched through to the top surface of the intermetal dielectric
layer 116 to form separate metal interconnects. A passivation
layer 124 of plasma-enhanced, CVD silicon nitride is deposited
overlying the metal interconnects and the intermetal dielectric

layer 116, and the integrated circuit is completed.
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deposited overlying the internetal dielectric layer 96 and filling the
contact openings. The third netal layer 120 is etched through to the top
surface of the internmetal dielectric layer 116 to form separate netal

i nterconnects. A passivation |layer 124 of plasma-enhanced, CVD silicon
nitride is deposited overlying the netal interconnects and the internetal
dielectric layer 116, and the integrated circuit is conpleted. 26 The
advant age of the present invention as shown in the second preferred
enbodi ment can now be seen. As described above, the novel process
sequence, and particularly the use of CWP to formthe source and drain

connect | ons. i edliges e dd keld hoadent thechotgatLon-gh.m of alyenches 76

If a mcrotrench 76 forn1 wever, a netal spike and short condition

W oL SRALL: e PGBl A A e, h@%egelgéegvemst&egsé&%e%e and drain

regi ons w even ort Trom occurrin dition the neta
cont act g gs for the source and drain reglon als ?ﬂi IeveI of
\: [ et ch?

i nt er met i el et e :fyreor ©%g6 SEGNCACE openi Pl e}% huscFeth

creat g act cpetlngg ot the squice aag diaun | essent ally The sar
likelihood of the formation of microtrenches 76. If a
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 inventicn creates

a preferred etching topolegy that is easier to manufacture.

As disclosed in the preferred embcodiments, the present
invention provides a very manufacturable process for fabricating
shallow Jjunction MOSFETs with either polysilicon or metal gates
that eliminates junction spikes and shorts in the manufacture of

integrated circuit devices.
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a preferred etching topology that is easier to manufacture. As disclosed in
the preferred enbodi nents, the present invention provides a very
manuf act ur abl e process for fabricating shallow junction MOSFETs with
either polysilicon or nmetal gates that elim nates junction spikes and
shorts in the manufacture of integrated circuit devices. 27 Wile the

i nvention 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 r.i.ou changes.in formand details v. b d i t hout
departing froﬁﬁ”ﬁﬁ%%gfiﬁﬁt an OEC%%% %?e?rﬁf%?ﬁ&ﬁ1?(m¥ %iéﬁ% %P@L 1. An
integrated circuit deyice conprising;, a gate el ectrqode, overlying a gate
oxi de. | aydrS i Ak et FRCEIONCh SBuFRBNE B ST PP haUrRge:
dielectric sidewall spacers wherein said gate electrode conprises nore 5
than one Hay®r ofPSHANYSISTEsR, PYoalea® ant: HESH nt urltd i%rs WidthivA ¥4l

sem conductor substrate adjacent to said gate el ectrode; polysilicon
connectio%@ﬁ&ﬁ&ﬁl%ﬂrﬁ?ﬂ@a@@ geiréelangay be made without departing from

the spirit and scope of the invention.
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drain junctions and separated fromsaid gate electrode by 10 said
dielectric sidewall spacers; a dielectric |ayer overlying said gate

el ectrode and said polysilicon connections; and netal contacts extending
t hrough openings in said dielectric |layer to said gate el ectrode and said
15 polysilicon connections. 2. The device according to Claim1 further
conprising a silicide |layer overlying said gate el ectrode and said

pol ysilicon connections. 3. The device according to 1 wherein said
dielectric sidewall spacers extend @bouge the top surface of said gate 29
el ectrode and the top surface of said polysilicon connections. 4. The
device according to Claim1l wherein said dielectric sidewall spacers
conprise silicon dioxide. 5. An integrated circuit device conprising: a
gate electro?e verlir¥%€% Q£ﬁx9§%d% %gxercgg %Q in urface of a

seni conduct or * Stbst'tate Hn haviﬁb diélectr & Psi dewar | spacers wherein

said gate eleCtquS éggg”éfggigggéeov%r&??ggogeggg egxgéen?§§gf on the

surface of a semiconductor substrate and having dielectric
sidewall spacers wherein said gate electrode comprises more
5 than one layer of polysilicon:
source and drain junctions within said semiconductor
substrate adjacent to said gate electrode;
polysilicon connections cverlying said source and
drain juncticons and separated from sald gate electirode by
10 said dielectric sidewall spacers;
a dielectric layer overlying saild gate electrode and
said polysilicon connections; and
metal contacts extending through openings in said
dielectric layer to said gate electrode and said

15 prolysilicon connections.

2. The device according to Claim 1 further comprising a
silicide layer overlying said gate electrode and said

polysilicon connections.

3. The device accerding to 1 wherein said dielectric

sidewall spacers extend above the top surface cof said gate
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source and drain junctions within said sem conductor substrate adjacent to
said gate el ectrode; netal connections overlying said source and drain
junctions and separated fromsaid gate el ectrode by said 10 dielectric
sidewal | spacers; a dielectric |layer overlying said gate el ectrode and

said netal connections; and netal contacts extendi ng through openings in
said dielectric layer to said gate el ectrode and said netal 15
connections. 30 6. The device according to daimb5 further conprising a

barri I t ' ' d netal
connect i ong. 7 CHAECHEVCE SOfor o ng o0l @ m 6 Sher iy Sard barrrer I ayer

is titaniumor_titaniumnitride. 8. The deV|ce according to Caim5 wherein
sai d diel ectri%€" S 4&%4FI spacers extend above the top surface of said gate
el ectrode and the top surface of said netal connections. 9. The device
according to Caim5 wherein said dielectric sidewall spacers conprise

silicon dioxide. 10. The device according to Claimb5 wherein said gate
4. The device according to aim 1 wherein said dielecfric

sidewall spacers comprise silicon dioxide,

5. An integrated circuit device comprising:

a gate electrode overlying a gate oxide layer on the
surface of a semiconductor substrate and having dielectric
sidewall spacers wherein said gate electrode comprises more

5 than one layer of metal:
source and drain junctions within said semiconductor
substrate adjacent to said gate electrode;
metal connections overlying said source and drain
junctions and separated from said gate electrode by said
10 dielectric sidewall spacers;
a dielectric layer overlying said gate electrode and
said metal connections; and
metal contacts extending through openings in said
dielectric layer to said gate electrode and said metal

15 connections.
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el ectrode conprises a first netal |ayer and a second netal |ayer, wherein
said first netal layer is titanium a titaniumalloy, alumnum an

al um num al |l oy, tungsten, a tungsten alloy, copper, or a copper all oy,
wherein said second netal layer is titanium a titaniumalloy, alumnum
an alum num al | oy, tungsten, a tungsten alloy, copper, or a copper alloy.

31

6. The device according to Claim 5 further comprising a
barrier layer between said source and drain junctions and

said metal connections.

7. The device according to Claim 6 wherein said barrier

layer is titanium or titanium nitride.

8. The device according to Claim 5 wherein said dielectric
sidewall spacers extend above the top surface of said gate

electrode and the top surface of said metal connections.

9. The device according to Claim 5 wherein said dielectric

sidewall spacers comprise silicon dioxide.

10. The device according to Claim 5 wherein said gate
electrode comprises a first metal layer and a second metal
layer, wherein said first metal layer is titanium, a
titanium allecy, aluminum, an aluminum alloy, tungsten, a
tungsten alleoy, copper, or a copper alloy, and wherein said
second metal layer is titanium, a titanium alloy, aluminum,
an aluminum alloy, tungsten, a tungsten alloy, copper, or a

copper allocy.
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