10 Cct ober 2005 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 | NVENTI ON Thi s
is a correspondi ng division of US patent application Ser. No. 09/377,543,
filing date 19 August 1999 now U.S. Pat. No. 6,297,109 (corresponding

Si ngapore Patent Application No. 200000531-4, filing date 28 January 2000
now Si ngapore Publication No. 87082 granted on 31 My IZZ0@#)Cob&rMEBONGd To
Form Shal |l ow Junction Transistors Wile Elimnating Shorts Due To

J ti Spi ki F Th ti | at t
Tethod of Tabri SR tirad%@%d%@ﬁw%v ?J%gi’fﬁpg %Raﬁé?%sbés”p@%f%ﬁfar Y, to
the formation of_shall I{'ﬁ]unctl a novel technique that

el i ni nat es shortsEH%W%q &HW%QU% r?é) JP?FTB@%F’PEFW‘F’I of the Prior Art

The next generation of netal-oxide-sem conductor field 1 10 Oct ober 2005
effect transistor (MOSFET) devices will likely use shallow junction
technology in the formation of source and drain regions. Shallow junctions
are herein defined as juRétKeRSUBP OF THE INVENTION

This is a corresponding division of US patent application Ser.
No. 09/377,543, filing date 19 August 1999 now U.S. Pat. No.
6,297,109 (corresponding Singapore Patent Application No.
200000531-4, filing date 28 January 2000 now Singapore
Publication No. 87082 granted on 31 May 2004), A Method To Form
Shalloﬁ Junction Transistors While Eliminating Shorts Due To

Junction Spiking.
(1) Field of the Invention

The invention relates to a method of fabricating
semiconductor structures, and more particularly, to the
formation of shallow junction MOSFETs with a novel techniqﬁe
that eliminates shorts due to junction spiking.

(2) Pescripiion of the Prior Art

The next genetation of metal-oxide-gemiconductor field




| ess than 0.15 mcrons in depth. Such junctions are necessary to further
reduce MOSFET channel |engths and thus achieve greater packing densities’
and switching speeds. One problem encountered in the use of shall ow
junction devices is that of junction spiking. It is typical in the art to
contact netal conductor layers directly to the surface of substrate
junctions. It is possible that netal will diffuse intol®Hcinildk #0Ghe
junction and forma spike. In the case of relatively deep junctions, this

spi ke does not necessari/ a problem  For shallow junctions, however,
Chi s ret SC i et Ot MISEE TAnGRERCED BROH L HEF DR TR TUNKTT on i nto t he
substrate below In _addition, the use of suicides to prevent netal spiking
i's not3$ﬁ%ﬁ%9Qxﬂquﬂo%ﬂﬂﬁI%ﬁw?#ﬁngPFBﬂg?OWh@ff%?Hﬁ??oﬁmgfdr%ﬁQW ci de consunes
part of the substrate during the anneal process. In the case of shallow

j unct i B¥$othe [Wadtlicsh JunemaPREngraf hereihedsfined des fommdiior Wil | . tend
to exhibit unacceptable junction | eakage. 2 10 October 2005 Referring to
Fig. 1less citoss-Gddt imdirrohsaipadepahly Svohplenetiprs orrarmedagsegrvat ed
circuit is showmn. A silicon substrate 10 is shown. |sol ation regions,

f or redtdyfshdldoweduce 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
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 prac¢tical for shallow junctions. The forﬁation 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

h T

h A

unacceptable junction leakage.




trench isolation (STl), are also shown 14. A gate oxide |ayer 18 has been
grown or deposited on the surface of the silicon substrate 10. A
polysilicon layer 22 is deposited overlying the gate oxide |ayer 18 as
conventional in the art. Referring to Fig. 2, a reactive ion etch (RIE) has
been perfornmed to pattern the polysilicon layer 22 to formthe gate

el ectrode for a planned MOSFET device. During the etch ¥t Sdsdber 2905
undesirabl e effect call mcrotrenching can sonetines occur. In

m crotrenchy enhanced etch kK_is, seen at_ the ed of the
polysilicog%ﬁﬁaﬁgﬁhqghﬁﬁ ésgftai%£%§% %?%Hll?ééiﬁmfaﬁ$¥%§ﬁh the gate

oxi de | ayer .18, \Wen this.occurs mcrotrench 26 can form The use of

br omi nJ:qu&lngne Bkygers &t épﬁ?ﬁﬁaﬁggeglfﬁu}hel%t Pt ocds Siddit Pncr ease t he
etch sq; ctivity and reduce the |ikelihood of mcrotrenching. However,
this efFEtt Udes stil FoeCar £8PLAFEPR- TR Oy efodies) &ut Shéd 1oMhen a
mcrotrench 26 is forned, it is a likely location for a netal junction
spi ke YETD haraddpsedddnt - pFBcessp nglown 10 Oct dbera FOF iR dpiveig t o
Fig. 3, the results of further processing of the prior art MOSFET

st r uctkit & desHowFovThergderoalbedrodethe j fiet i Sitdewslill ispacer s 38,

has been fabricated. Shall ow
substrate 10. A polysilicon layer 22 is deposited overlying the

gate oxide layer 18 as conventional in the art.

Referring to Fig. 2, a reactive ion etch (RIR) has been
performed to pattern the polysilicon layer 22 to form the gate
electrode for a planned MOSFET device. During the eitch process,
an undesirable effect call microtrenching can sometimes 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—
contalning gases in the etch process can increase the etch
selectivity and reduce the likelihood of microtrenching.
However, this effect does still cccur for ultra—%hin gate
dielectrics. When a microtrench 26 is formed, it is a likely
location for a metal junction spike to form in subsequent

processing.



junctions have been fornmed with lightly doped junctions 30 and heavily
doped junctions 34. An internetal dielectric |layer 42 was deposited and
etched to formcontact openings. A netal |ayer 46 was deposited to fill
the contact openings and patterned to forminterconnects. Finally, a
passivation |layer 50 was deposited to conplete the MOSFET structure. A
netal spike 44 is shown formed in the junction region of! QHCLHABELL® The
netal spi ke 44 may have fornmed due, in part, to the aforenentioned

m crotrench, 26 feature fr.omthe, gate et ep._or. by ot her_neans.. The
Ter ol Spi ke o lve 2 poHBt FEPBA DL ErD RRE AT HE Bhalf ow
junction and into th derlying silicon, substrate 10. The short wl|l
e THe PHREE T GOSEI S s SaBePoBNAIT T bENS f 86t ctl ¥ TIRF 1 he
testing process. Several prior art approaches _disclose nmethods to form
gate, IRGHHENT H AN SPECErSdds  usPAgPPBNYyEAPTLEMEShd cHEd o
mechani cal polish techniques. U S Patent 5,856,225 to Lee et w=. _al
di scl oseRsclal it He e ooy hogere- Htgnédohf ok fapedani eaceiirhetl 86t ons in
MOSFETs following the formation of source and 4 10 October 2005 drain
r egi onseaw bactidddijaingidlopsi PidconAgatetpsmebahediahectric layer 42

was deposited and etched te form contact openings. A metal

layer 46 was deposited to £ill the contact openings and

patterned to form interconnects. Finally, a passivation layer

50 was deposited to complete the MOSFET structure.

A metal spike 44 is shown formed in the junction region of
the MOSFET. The metal spike 44 may have formed due, 1in 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 te form gate,
source, or drain electrodes using polysilicon and chemical

mechanical polish techniques. U.S. Patent 5,856,225 to Lee et

gy
g

al discloses a method to form self—alignéd, icn implanted

channel regions in MOSFETs following the formation of source and



then renoved to open the channel region for inplantation. Chem cal
mechani cal polishing is used to define the gate electrode froma second
pol ysilicon deposition. U S. Patent 5,786,255 to Yeh et al teaches a
process to forma MOSFET where the polysilicon contact |ayer for the
source and drain regions is defined by a chem cal nmechanical polish. The
gate and isolation regions are forned in a silicon nith( deticdper 200at
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

di scl 055" BREHRSE -t 0AdERFRETSOUR LePANEE L thHiTh Fafotle gorsd id@6n cont act s

by cheni cal nechani cal polishing of a polysilicon |ayer. U S. Patent
5, 767, EMSYEA Tet CRPNt BB heRAANPE oBeELOR f Y rimFlBdEtigngat es for
EEPROVE usin a chem cal nechanical polish of the polysilicon layer. U S
Pat entCIsHA4A g PechgnéerinRodi Shingi 2| wsed & pleiess the foetm a  dual et al
gate. SUMVARY OF THE | NVENTI ON A principal object of the present invention
i s to Presihirdelcant reff @ctsievendndoves il hevnfdetagidblen metthéd Gl tkabri cating
w-. shallow junction MOSFETs in the manufacture of integrated circuits.

5,786,255 to Yeh et al teaches a process to form a MOSFET where

the polysilicon contact layer for the source and drain regions

is defined by a chemical mechanical polish. The gate and

isolation regions are formed in a silicon nitride layer that

then is etched away to leave the gate and isolation regions

above the surface of the silicon substrate. U.S. Patent

5,674,774 to Pasch et al discloses a method to define source and

drain remote polysilicon contacts by chemical mechanical

polishing of a polysilicon layer. U.S. Patent 5,767,005 to Doan

et al teaches a process to form floating gates for EEPROMs using

a chemical mechanical polish of the polysilicon layer. U.S.

Patent 5,447,874 to Grivna et al discloses a process to form a

dual metal gate.
SUMMARY OF THE INVENTION

A principal object of the present invention is to provide

an effective and very manufacturable method of fabricating

g,
e

shallow junction MOSFETs in the manufacture of integrated

circuits.



5 10 Oct ober 2005 A further object of the present invention is to provide a
nmet hod to fabricate shallow junction MOSFETs in which the gate el ectrodes
are conprised of polysilicon. A yet further object of the present invention
is to provide a nethod to fabricate shallow junction MOSFETs in which the
gate electrodes are conprised of polysilicon and in which netal junction
spiking is elimnated by contacting the source and draith Jahwdirod9 0 t h
polysilicon instead of netal. Another yet further object of the present

i nvention iséﬁto prov;(bde a mft hod to fabricate shall ow junction MOSFETs in
which t he fydte RIS cPPEGES AFe T RONPFTERUT o "B ST i CoF ARF I dhch et al
junction spiking is elimnated by reducing the thickness of the :

pol ysitgtdwid g&t %aibéﬁératgnéhﬁ%ia‘ébyu?‘éﬁb%ﬁl §Hel's | 1kefHdodher gate

m crotrenching during the polysilicon etch. Another further object of the
pr esertl 4GhEsidsom cs COBPTREEN 86 ROREShbHC®®D- fabri cate shal | ow junction
MOSFETs in which the gate electrodes are conprised of netal. Another still
further object of the present invention is to provide a nethod to fabricate
shal | ow juncti on MOSFETs in which netal junction spiking is elimnated by
construct i rig yehe fgatcde@ object of the present invention is to provide

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

drain junctions with peclysilicon insitead 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
0of the polysilicon gate laver and thereby reducing the

likelihocd 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.
e

provide a methed teo fabricate shallow junction MOSFETs in which

metal junction spiking is eliminated by constructing the gate'




10 October 2005 el ectrodes of netal and thereby elimnating mcrotrenching
due to the polysilicon etch. Another further object of the present
invention is to provide a nethod to fabricate MOSFETs with inproved

topol ogy across the drain, source and gate so that the internetal

di el ectric coverage and contact etch are nmade easier. In accordance with
the objects of this invention, a new nethod of fabricatl Rytsthan ewos
junction MOSFETs has been achieved. A substrate is provided with isolation

regio i bV evi reas, A gate oxide layer .is grown
overl&%ﬁa tﬁeegiﬁggggﬁé} %ngi¥§%95§Yy§?f$%%%E}%%é?l?%?Qﬁgﬁﬁﬁﬁﬂgb YSverlyi ng
the gate gxide.layer.. A silicon nitride |layer is deposited overlying the
firstqﬁ%ﬂ%giﬁfgéﬁ%ﬁéfgp.e%ﬁg'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 mpl ant i ng AOREdIeE, TATERSEePPI §YEr Of stidR pose s oVBIANIRY tife tgat e oxi de

| ayer and the tenporary gates. The spacer layer and the gate oxide |ayer
are a=otibGpiccaEtycst ERedabslfak i MPEWRS | WisiPaclemsy attjcademo liogyvt he
tenporary gates and overlying a part of the |ightly doped junctions. |ons
are i mpimsedhondratine sabsteaged gate so that the intermetal :

dielectric coverage and contact etch are made easier.

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_groﬁn
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 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 an}sotropically'etched to form sidewall spacers

g,

adjacent tec the temporary gates and overfying a part of the

lightly doped junctions. lons are implanted into the substrate



7 10 Cctober 2005 to form heavily doped junctions where the tenporary
gates, the sidewall spacers, and the isolation regions act as masks for
the inplant and where the heavily doped regions and lightly doped regions
formthe source and drain junctions for the planned MOSFETs. The silicon
nitride layer is etched away. A second polysilicon |layer is deposited
overlying the substrate, the sidewall spacers, and thel®i®stont yH143 con

| ayer. The second polysilicon layer is polished to below the top surfaces

of the spacers to .co Iete the MOSFETs by formn er manent

at o5 F7 oh Tha 1 hdr Apgarese éﬁ&StHgFB?ﬂj&‘BnBﬁB PIRTY CHHRA (OIS Lo ¢ he
source and draln junctions. lons are inplanted into the second polysilicon
| ayer . skdewrtl qPaRret QQ§'F8ﬁné&OéﬁéﬂP9lﬁ@g%ﬁ%ss®?¥a%% Btskhef e

polysilicon layer. The silicide |ayer and second pOAﬁfI|IC0n | ayer are

pat t er HeRl 3t #Qﬁrﬁhﬁﬁﬁaﬂ@@eh@@ﬁd&&tﬁ@@eéoﬁﬁ@é@néngﬂd ¢ttt ey raardd
dielectric layer is deposited overlying the MOSFETs, the substrate, and

the isodbrianiewyitdrss . soires andr deeah dUBbetonscf$aybmeigiqmmwérned to
form contact openings to the gates and to the conductive connections for
t he sowEEEIand Traimislichnetialridayéryes ideposhé@dawyer | VA ngeddral
internmetal dielectric layer and filling the contact openings. The netal
| ayer pslpatlsrared dyed drsndeposited overlying the substrate, the
sidewall spacers, and the first polysilicon layer. The second
polysilicon layer is polished to below the top surfaces of the
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 intc the second polysilicon layer. A silicide layer
is formed overlying the surface of the second polysilicon layer.
The silicide layer and second polysilicon layer are patterned to
form separate conductive connections. BAn intermetal dielectric
layer is deposited overlying the MOSFETs, the substrate, and the
isclation 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 metai layer is
deposiﬁed 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
i

overlying the metal interconnects and the intermetal dielectric

layer, and the integrated circuit is completed.



separate netal interconnects. A passivation |ayer is deposited w. .
overlying the netal interconnects and the internetal dielectric |ayer, and
the integrated circuit is conpleted. 8 10 Cctober 2005 Al so in accordance
with the objects of this invention, a new nmethod of fabricating shallow
junction MOSFETs has been achieved. A substrate is provided with isolation
regions separating active device areas. A gate oxide |lyérctobegr @med
overlying the substrate. A first metal layer is deposited overlying the
gate oxide Jayer.. A silicon nitride |layer is depasited overlying the first
net al Iayer%ls\%nénsiﬁchgﬁaﬁf:?r Waé}l Fa§ PP anat h%tef’? Sttt Sy er are
patterned to formtenporary. gates_for planned MOSFETs. |ons are inplanted
into t'He” %C{éﬁf[efta rﬂSF‘%ﬂpggﬁPﬂrlﬂ‘ﬁp%ﬂn?Wi%%ﬁerk@st & SPenpor ar y

gates and the isaolation regions act as inplanting masks. A spacer layer is
deposit G R yitnFUPRETGhfeloxPERVIAFErvaRY tHrelatiampaicaiprgat es. The
spacer |ayer and the gate oxide |ayer are anisotropically etched to form
si dewai9PaBFce%s aadjlaceABVE 6t Aveas enpraa e gatiede dveovers ginogna part of
the lightly doped junctions. lons are inplanted into the substrate to form
heavi |gvaidpEag et sohstwhére thefienponaral gaties; itshelegicdewald

overlying the gate oxide layer. A silicon nitride layer is

deposited overlying the first metal layer. The silicon nitride

layer and the first metal layer are patterned to form temporary

gates for planned MOSFETs. Ions are implanted into the

subsirate 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

anisctropically etched to form sidewall spacers adjacent to the

temporary gates and overlying a part of the lightly doped

junctions. Tons 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 éoped regions

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

barrier layer is deposited overlying the substrate and the

silicon nitride layer. The silicon nitride layer is etched away

o,
g

along with the barrier layer that overlies the silicon nitride.

A second metal layer is deposited overlying the barrier layer,




spacers, and the isolation regions act as masks for the inplant and where
the heavily doped regions and lightly doped regions formthe source and
drain junctions for the planned MOSFETs. A barrier layer is deposited
overlying the substrate and the silicon nitride |layer. The silicon nitride
| ayer is etched away w,. along with the barrier |ayer that overlies the
silicon nitride. A second netal |ayer is deposited overl¥iGufFakes FAGS er

| ayer, 10 Qctober 2005 the sidewal | spacers, and the first netal | ayer. The

second_ . netal |ayer is polished el ow t he surface of the SI dewal |
spacer§'% osjc‘{ﬁ'?‘bﬁgt EHATE T NMISEE sthff ?Mﬁ’fnﬂebﬁi PET - gat’ss FTTMY t he
terrporary gates, and to form conductive connections to the source and

drai n Jeifek i JGHEET Tiie BoddoRe dmkPaPelayeF Pstpat teF et to bt miisparidt e

conductive connections. An internetai dielectric layer is deposited
over | y3PRFeHRe IMOSKEFRS etehéhesHRSEFEEBePY ah@rRhRd | ROTTRR T r‘@g‘ﬁﬁlircﬁhe
internetal dielectric layer is patterned to formcontact openings to the
gat es @l tamparse vt aedest i wvadcsanéerinonsnflertine sowreesiard Wr digs. A
third netal layer is deposited overlying the internetal dielectric |ayer
and fisdurmge tdred cohrtiact] uvopeniongs. Thhesehond metal layer ipatdtErareed o form
separate netal interconnects. A passivation

to form separate conductive connections. 2An intermetal

dielectric layer is deposited overlying the MOSFETs, the

substrate, and the isclation regions. The intermetal dielectric

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

the conductive connections for the sources and drains. A third

metal layer is deposited overlyingrthe 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 parti of

this description, there is shown:

r
¥

10



| ayer is deposited overlying the netal interconnects and the internetal
dielectric layer, and the integrated circuit is conpleted. BRI EF
DESCRI PTI ON OF THE DRAW NGS I n the acconpanying drawi ngs form ng a materi al
part of this description, there is. shown: 10 10 Cctober 2005 Figs. 1

through 3 schematically illustrate in cross-section partially conpleted
prior art shallow junction MOSFETs in an integrated ci¥&twatader ¢&05Fi gs.
4 through 7 schematically illustrate in cross- sectional representation

preferred enbodi ts of .the esent inventjon used to form shall ow

Junct i on o R etap' B sBhERE acal NUnh HEBF I 410 ot ints 3o ¢ s
sectional,_representation a first preferred enbodj nent of the present

i nvent¥dh- t%?qé$%5e 8FF8&/FEEch%ﬁl%%I%%?WW%Rﬁl%ﬁﬁ@?TQMESFE?s. Figs. 14
through 18 schematically illustrate in cross- sectional representation a
second PredEriet EmsoditmERV 68 - the present invention used to form shal | ow
junction netal gate MOSFETs. DESCRI PTI ON OF THE PREFERRED EMBCODI MENTS

Figs. 4 through 7 schematicélly illustrate in cross-—
sectional representation preferred embodiments of the present

invention used to form shallow junction MOSFETS.

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

MOSFETs.

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.
DESCRIFPTION OF THE PREFERRED EMBODIMEMNTS

The present invention is disclosed as two preferred
embodiments. First, the present invention is used to create

-,

shallow junction MOSFETs with polysilicoﬁ‘gate electrodes.

I3




The present invention is disclosed as two preferred enbodi ments. First, the
present invention is used to create w-. shallow junction MOSFETs with

pol ysilicon gate el ectrodes. Il 10 Oct ober 2005 Second, the present
invention is used to create shallow junction MOSFETs with netal gate

el ectrodes. Referring now nore particularly to Fig. 4, there is

illustrated a cross section of a partially conpleted i ntedi@Ra&Fr ¢i%%uit
devi ce. The substrate 60 is preferabl y corrposed of nonocrystalline

silico w trench isol ations 2 _are__conv onal]y farned in
The subidiie G o okl B SARPRG BRt FoES Vi Sbautnardon
oxi dation of silicon (1 could al so be used to create the isolation
r egi otOSETHatid- o fFe | é’ﬁ‘&e S’AeF§rP8?ﬁed overlying the silicon substrate
60. The gate oxide layer 64 may be forned by thernmal oxidation of the
substrate 60 or by chem cal vapor deposition (CVD). A first polysilicon
| ayer 68 is deposited overlying the gate oxide |ayer 64. The first
pol ysi | i corRd fpprarings noan Mgge gaposruédrisi hg Bhy- of, atheird ety of CVD
met hods. The first polysilicon |ayer 68 may be deposited undoped and then
i mpl ant edittratedlice aresisstsievittipn Theaf pastipblystdmpbeiedyartBrarey al so
circuit device. The substrate 60 1s 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 isblation 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 iéyer 60 may also
deposited using insitu deping. In the preferred embodiment, the
first polysilicon layer is deposited by low préssure chemical

vapor deposition (LPCVD).

Sy
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deposited using insitu doping. In the preferred enbodi nent, the first
polysilicon layer is deposited by | ow pressure chem cal vapor deposition
(LPCVD). 12 10 Cctober 2005 A silicon nitride layer 72 is deposited
overlying the first polysilicon |layer 68. The silicon nitride |ayer is
deposited in a LPCVD process. The thicknesses of the first polysilicon

| ayer 68 and the silicon nitride layer 72 are inportant0 fledtalees 2005 t he
first enbodi nent of the present invention. The conbi ned thickness of the

first polysjli.can |ayer 68 and the_silicon njtride |layer 72 will create
the final thitrngsy lttrﬁgewﬂjéif%’f 7gai%.8%9°?hE?%a?W]§1§iq ité6h TSt de

ic ness o _ :
| ayer ééiﬁéfyﬂ wi || uItlnatehg be etched away and replaced wth an

addi ti Y5iiAYESN WPayer ot AL LRPRKAEEEI G 13T ik dapsIsisied éon | ayer
68 may be reduced while stiII_naintainigg the overall gate thickness
desi r ¢l T \{th@HaGsa1S -MOSBET LR FliEBEPRS Redties ngl tHe Paliiikiess dkvele fir st
polysilicon |ayer 68 is key to reducing the frequency of occurrence of
i cr ot¢®erierb s witlieopr efisridd lenbodidemte ieoftarst feoltysids oén | ayer 68
is deposited to a thickness of between about 500 Angstrons and 1, 500
Angst r'éiss . £ 1rFie egibioiddornii pEi thel pyese7? isvaeposit edHeo cniiingkiness of
bet ween about 500 Angstrons and 1,500 Angstrons.
thickness of the first polysilicon layer 68 and the silicon
nitride layer 72 will create the final thickness of the MOSFET
gate. By including a silicon nitride layer 72, that will
ultimately be etched away and replaced with an additional
polysilicon layer, the thickness of the first polysilicon layer
68 may be reduced while still maintaining the overall gate
thickness desired in the final MOSFET structure. Reducing the
thickness of the first polysilicon layer 68 is key to reducing
the frequency of occurrence of microtrenches. In the preferred
embodiment, the first polysilicon layer 68 is deposited to a
thickness of between about 500 Angstroms and 1,500 Angstroms.

The silicon nitride layer 72 is deposited to a thickness of

between about 500 Angstroms and 1,500 Angstroms.

Referring now to Fig. 5, the silicon nitride layer 72 and
the first polysilicon layer are ectched through where not

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

L
.

for plahned MOSFETs. The gates are termed temporary, because,

during the subsequent processing steps, the silicon nitride
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Referring nowto Fig. 5 the silicon nitride layer 72 and the first
polysilicon | ayer are etched through where not protected by a mask, which
is not shown, to formtenporary gates for planned MOSFETs. The gates are
termed tenporary, because, during the subsequent processing steps, the
silicon nitride 13 10 Cctober 2005 layer 72 will be renoved and repl aced
with additional polysilicon. The etch is perfornmed usiHy Gtdiar 200sacti ve
ion etching (RTE) process or a wet etch. A preferred reactive ion etch

process for this step conprises SF6 and 02 or HBr, SF6, and 02. A
pr ef eryBtEet? &tdd EonprrSEsIH3p r?Bﬁ%@%ﬂoW+Eha%@?ﬁ?lQ&ihoted earlier, the

use of the silicon nitride layer 72 to fill out the total thickness of the
gat e #PHE k@i r Fhe §EChsiFi EBRIPEPR B8RS BECRHT mercatidivs A Ofhe
conventional art. During the polysilicon etch, it is still possible for
m cr otgteritives (RERorsosess Rewevert pechusertiecferred yrsigisive dom | ayer 68
is thinner, fewer mcrotrenches will occur in practice. This feature of
t he presEntpigress ifor whiils sédpceomphésys ef lagsk Cduert BBnet Aks,s pinkie
t hrough mi crotrenches. Referring nowto Fig. 6, ions are inplanted into the
subst r@at.e topkefarkeghivty doped-gmpnctdeonsi;80, wheiesihiver terguardr.y gates,
conprised of the silicon nitride |layer 72 and the first
As noted earlier, the use of the silicon nitride layer 72

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

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

buring the peclysilicon 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 threough microtrenches.

Referring now to Fig. &, ions are implanted into the
substrate to form lightly doped Jjunctions 80 where the temporary
gates, comprised of the silicon nitride layer 72 and the first
polysilicon layer 68, and the isolatiocon regionsjact as

' implanting masks. The lightly doped junctions 80 thus formed
are self-aligned to the MOSFET gates. The ion implantation is
performed conventigzally 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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polysilicon | ayer 68, and the isolation regions act as inplanting masks.
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 1x10'4
atons/cn2 and 1x1015 atons/cn2 and an energy of between about 20 KeV and 80
KeV. 14 10 Cctober 2005 Referring now to Fig. 7, sidewald spaders 2@b5are
conventionally formed. The sidewall|l spacers are preferably conposed of
silicon diqgxide that is anisotropically etched to formthe sidewall
spacers 84 tjHdeMd f0™ k& Céfporar §igaras! atkRrCcoverididig a part of the

lightly doped junctions 80. After the sidewall spacers 84 are fornmed, ions
are iTPNEMtEPIFHY EReTSednst FAEesb8eval of it FrREY i 45e dupddjalidst i ons 88
where the tenporary gates, the sidewall spacers 84, and the isolation
regi orf&gE s sHddkent giorhde| Apkant at dohsamdewherld y tetehwenviol y doped
regions 88 and the lightly doped regions 80 formthe source and drain
j unct i forign fldre thialepledineaMOBFETS. adhecénn foptlant atnpmradry perdeer aedl
conventionally using an inplant species of either P, As, or Sb at an
i npl amvedgse rgf a lpetrveell abeutl i gkt Sdabeds] widk sk BAL015 at ons/ cnR2 and an
energy of between about 20 KeV and 80 KeV.
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 regions 88 and the lightly doped regions 80

form the source and drain junctions for the planned MOSFETs.

The ion implantation is performed conventionally using an

implant species of either P, As, or Sb at an implant deose 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 sho%n. 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 H3PO,

b
Sy

(phosphoric acid) at between about 120 degrees C and 180 degrees

C. Other chemistries could also be employed to completely etch
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Referring now to Fig. 8, another inportant aspect of the first enbodi nent
of the present invention is shown. Now that the MOSFETs, i ncl uding
sidewal | spacers 84, are fornmed, the silicon nitride layer 72 is etched
away. The silicon nitride etch is preferably a wet etch conprising a
chem stry of H 3P04 (phosphoric acid) at between about 120 degrees C and
180 degrees C. Oher chemi stries could al so be enpl oyedd tirtecdrpl €tO8lsy et ch
15 10 October 2005 away the silicon nitride |ayer 72. By waiting until
after the formation of the MOSFET sources and drains and sidewall spacers
84 to FEHOVE® e 199 o tAL BRI dBYPAyéf - 72BY t Rl bieS Mttt hvAitS oS nsur es
t hat the subsequent processing to finish the gate, drain, and source
conneci? At Far hédbec MOFPETsREBT GPENBLE haHRT | d7fAl S HHSHBtlc RTGeaS t he
source and drain region substrate 60 surface. This serves to prevent
addi t i thalo deammye theckiddcom sibridachingr Ref ekhe mromset drMaption a
second polysilicon layer 92 is deposited overlying the substrate 60, the
si dewaliswepecarrst84he anthseheehir propebysnyi contimysr B8 JHie=,second
polysilicon Ilayer 92 can be deposited using any of a variety of CVD
met hodseaifhe et artirpel yonhieconvl ayecalZbaaycbenoepsisid ed thredaped and t hen
inplanted to reduce resistivity. The second pol ysilicon

additional dry etching at the source and drain region substrate

60 surface. This serves to prevent additional damage, such as

microtrenching.

Referring now to Fig. 9, a second polysilicon layer 92 is
deposited overlying the substrate 60, the sidewall spacers 84,
and the first polysilicon layer 68. The second polysilicon
layer 92 can be deposited using any cf a vafiety of CVD methods.
The second polysilticon layer 92 may be deposited undoped and
then implanted to reduce resistivity. The second polysilicon
layer 92 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 1is used here to facilitate CMP process control.

Referring now to Fig. 10, another important part of the
s oy

present invention is described. The second polysilicon layer 92

is polished to below the top surfaces cf the sidewall spacers 84
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| ayer 92 may be deposited by insitu doping. In the preferred enbodinent,
the second polysilicon | ayer is deposited, undoped, by |ow pressure

chem cal vapor deposition (LPCVD) to a thickness of between about 1,000
Angstrons and 1,500 Angstronms. A |large w ndow of values is used here to
facilitate CVWP process control. .Referring nowto Fig. 10, another

i nportant part of the w-. present invention is describeld Chiebsec8id5
polysilicon layer 92 is polished to below the top surfaces of the sidewall
spacers 84 1 Q t ober 05 . to_conpl ete the MOSFETs by form ng permanent
gat es t?c? ocrﬁr?}%éeltet enﬁopj?fggagﬁt BY faﬁ%??% PO oA a5 S ICofhédts ons to the
source and drain junctions. The polishing step is perforned wusing a
conventTOHHIRehIFtES ABEhARI EAF™ poPRIRT MY T CAPINgsicass tosdhéct i ve to

polysilicon. In this step, the advantage of formng the sidewall spacers
84 priHULT PEGithe UBEEHATS - pol§Ri Pekbrhing et OR isecmrdoraiedar. No
etching step is necessary, because the sidewall spacers 84 separate and
el ect 48419 ¢ iCoBVENE1PRE LsebondCpbl yeiharbral ayeli @no (€M agtrocwstsh t he
source, drain, and gate regions. Referring nowto Fig. 11, ions are
i mpl arsd@dtitve ttiee podgsdhdcpol ysihi tiohs | siyew, Ihe Biwantplgantdt i on i s
perfornmed as

forming the sidewall spacers 84 prior to forming the second

polysilicon layer 92 becomes clear. No etching step is

necessary, because the sidewall spacers 84 separate and

electrically isclate the second polysilicon layer 92 in contact

with the source, drain, and gate regions.

Referring now to Fig. 11, icons are implanted into the
second polysilicon layer $2. The implantation is performed as
is conventional in the art to reduce the resistivity of the
second pelysilicon 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 silicide layer 94 is formed overlying the surface of the
second polysilicon layer 92. The purpose of the silicide layer

94 is also to reduge the resistivity of the second polysilicon

%
e

layer 92. The silicide layer 94 is formed using a conventiocnal

process with a metal species of Ti, Co, or Ni. The silicide
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is conventional in the art to reduce the resistivity of the second
polysilicon layer 92. The ion inplantation is perforned using an inplant
species of either P, As, or Sb at an inplant dose of between about 1x1015
atons/cn2 and 1x1016 atons/cn2 and an energy of between about 20 KeV and
80 KeV. A silicide layer 94 is forned overlying the surface of the second
polysilicon |ayer 92. The purpose of the silicide |ayerlC @4ticdeal 86050
reduce the resistivity of the second polysilicon w. layer 92. The
silicide layer 94 is formed using a conventional process with a netal
speci est¥r T4 scp fogperj hathe ShLfkRges 197 e dbetP2005%yer 94 so
formed has a thickness of between about 200 Angstrons and 600 Angstrons.
Ref er rimgptisms @i §0012ngskeosstici de | ayer 94 and second polysilicon
| ayer 92 are etched through where not protected by a mask, which is not
shown, to form separate conductive connections. By selectively etching in
this step, local connects in the second polysilicon |ayer 92 coul d be nade
to other daficcesngThioss eébchingg $Pepths perforded aussm@Ps conv ericoanal
etching techni ques. Although polysilicon is. etched, it does not create
addi t ipyTats iMmicicet neReki 9g prebkesBedSthrough where not protected by a

mask, which is not shown, to form separate conductive

connecticons. By selectively etching in this step, local

connects in the second polysilicon layer 92 could be made to

other devices. This etching step is performed using

conventiocnal etching technigques. Although polysilicon is

etched, it does not create additional microtrenching problems as

experienced with the first polysilicon layer 68 etch. This is

because the etching line is over the isolation regions 62 and

not over the shallow junctions 80 and 88.

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

composed of silicon dioxide deposited by LPCVD.

L,
e

Referring now to Fig. 13, the intermetal dielectric layer

96 is etched through, where not protected by a mask, which is
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experienced wth the first polysilicon |ayer 68 etch. This is because the
etching line is over the isolation regions 62 and not over the shall ow
junctions 80 and 88. An internetal dielectric |ayer 96 is deposited
overlying the MOSFETs, the substrate 60, and the isolation regions 62. The
internetal dielectric layer 96 may be any of several conventional materials
deposited by conventional techniques. Z the preferred Enhitodiohent 200ke
internetal dielectric layer 96 is conposed of silicon dioxide Feposiggd by
LPCVD. w.. Referring now,to Fig. 13, the internmetal dielectric |ayer IS
et ched' T hrigtrghr \H?e%«]é‘enﬁﬁabflb?gc%@ﬁe’byg‘i neS kL O Khi G Gac L @PEG- 109Eoker 2005
not shown, to the silicide layer 94, to formcontact openings to the gates
and t oc-thdad&ETdEed V& EBRneeRHBRELT®r CoMee Shirte st amdhalmamrsesaznet al

| ayer 100 is conventionally dego_si ted overlying the internetal dielectric
| ayer 8@ f A Miekglt Revesnt aet 1 opedit viest 1 el hetddpdsiyied bO@rityisuched
through to the top surface of the internetal dielectric layer 96 to form
separ dthe Ipdreginsitatleddohnettrsc Papass? yarndnt 1layierg 104 efonilasna- enhanced,
CVD silicon nitride is deposited overlying the netal interconnects and the
i nt er matealindisel e@hei nekayela®6r add tdhestched through to the top

surface of the intermetal dielectric layer 96 to form separate
metal interconnects. A passivation layer 104 of plasma-
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 sequence, and particularly the reduced
thickness of the first polysilicon layer 68, reduces the
likelihood of the formation of microtrenches 76 during the
polysilicon etch. 1If a microtrench 76 does form, however, a
metal spike and short condition will not result. The novel
polysilicon source and drain contacts, comprisediof 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

L
ki

and drain contacts, current will wrap around the microtrenches

76 and flow without defect. 1In addition, because the scurce and
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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 thickness
of the first polysilicon | ayer 68, reduces the |ikelihood of the formation
of mcrotrenches 76 during the polysilicon etch. If a mcrotrench 76 does
form however, a netal spike and short condition w |l HbtOgteddr 20The
novel polysilicon source and drain contacts, conprised of the second
polysilicon layer 92, wll preyent a netal short fron1occurr|n%%§ The

seconodwwqr}f&?ﬁ% aFér “@?WFFhf e 3rcerdaro byt LR dd¥sic 76 t hat

occur. Because of the poI§S|I|con source and_drajn contacts, current wll
wrap AR AT FRdKSEr @iidhe§C?BL andPRY o Wit hoei kg ettll ke dddiot | on,
because the source and 19 10 Cctober 2005 drain contacts are nade with the
secondtipd| Bl ¥diddrdrayjerveg2 andowidéephwet e gbikescardsdusisg.. Any net al
spiking will be into the polysilicon |layer and wll thus be of no
consediierce, orefherieflor d osyi dhd Fosshduest bs shbimdnatsed! i mi nated. Finally,
the polysilicon contact plugs for the source and drain regions raise the
| evel of the internetal dielectric |ayer 96 contact opening etch. The etch
depth to create contact
Finally, the polysilicon contact plugs for the scource and

drain regions raise the level of the intermetal dielectric layer

96 contact opening etch. The etch depth to create contact

openings for the source and drain is essentially the same as

that for the gate. Consequently, the present invention creates

a preferred etching topology that is easier to manufacture.

Referring now again to Fig. 4, a second preferred
enbodiment of the present invention will be described. The
substrate 60 1s again preferably composed of monocrystalline
silicon. 8Shallow 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 o;ide 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).
.
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openings for the source and drain is essentially the same as that for the
gate. Consequently, the-present invention creates a preferred etching
topology that is easier to manufacture. Referring now again to Fig. 4, a
second preferred enbodinent of the present invention will be descri bed.
The substrate 60 is again preferably conposed of nonocrystalline silicon.
Shal l ow trench isolations (STI) 62 are conventionally XYobOmdber £HE5
substrate 60 as a neans of separating active device areas. Local oxidation
sed to create the isolation regions. A

of silicon (L ) .coul d .al so be _
gate oxide’l a%?gre 6455 TOf Gy i@ﬁe:’év@é“l Y gt tHE 49 5tonaiidstofat é560. The gate
oxideé#%yen 64 nag be forned g%@;hernal oxi dation of the substrate 60 or
by chétifCa WapOY SdeyosPt FBR FRVD) Oxbde 1Pt difer A0S 9R Gard cskeetirode
| ayer 68, or_ first metal |ayer 68, is deposited overlying the gate oxide
| ayer BHErTHE Gatebel deppadbed| Ay ephssl eah Woateptasiasdd iy JRY®) cal vapor
deposition (PVD) or CVD. In the preferred enbodi nent, the gate el ectrode
| ayer G ddposieedrbyecved Fneodurentel edhe aidd alectE®deayayercoaposed of
titanium titaniumalloys, alum num alum numalloys, tungsten, tungsten
al | oyslerssdper, bor C¥bppethal fays. elacitihede praafer resd revbadi menbosthe gate
el ectrode layer 68 is conprised,

of titanium, titanium alloys, aluminum, aluminum alloys,

tungsten, tungsten alloys, copper, or copper alloys. In the

preferred embodiment, the gate electrode layer 68 is comprised,

for example, of a stack of titanium nitride overlying tungsten

or of a stack of tantalum nitride overlying copper.

A silicon nitride layer 72 is deposited overlying the gate
electrode layer 68. The silicon nitride layer is deposited in a
LPCVD process. The thicknesses of the gate electrode layer 68
and the silicon nitride layer 72 are important features of the
second embodiment of the present invention. The combined
thickness of the gate electrode layer 68 and the silicon nitride
layer 72 will create the final thickness of the MOSFET metal
gate electrode. 1In the preferred embodiment, thé 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

£
b

Angstroms.
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for exanple, of a stack of titaniumnitride overlying tungsten or of a
stack of tantalumnitride overlying copper. A silicon nitride layer 72 is
deposited overlying the gate electrode |ayer 68. The silicon nitride |ayer
is deposited in a LPCVD process. The thicknesses of the gate el ectrode

| ayer 68 and the silicon nitride layer 72 are inportant features of the
second enbodi nent of the present invention. The conbi ned Gdticklereg905f t he
gate el ectrode layer 68 and the silicon nitride layer 72 will create the
final thickness of the MOSFET netal gate electrode. In the preferred
enbodi ment A tHE Y &P e rdECrsaEe fayeF 88 75 HeldHd tid & hiFRNESS of

bet ween about 500 Angstronms and 1500 Angstroms. The silicon nitride |ayer

72 i s Wepbmaddito aBerrERResEeorehbt welthC BT B0 S dorfd ek 500
Angstrons. 21 10 Cctober 2005 A thin gate el ectrode |ayer 68 at this point
i n thetirocess thes mopedr tgnblsBetadsecd he Bl alletiokidss drohaddddéd, the
etch tine for the netal is also reduced. This |lowers the probability of
m cr otoencivfanmeidhoforinataddi-t | ©n, adtdet geazi e ensrgynd anendwe fetrch i ons
is reduced. Referring nowto Fig. 5 the silicon nitride layer 72 and the
gat e etlectatode ilayer s6&caneedt ched t hrough where not

Referring now to Fig. 5, the silicon nitride layer 72 and
the gate electrode layer 68 are etched through where not
protected by a mask, which is not shown, to form temporary gates
for planned MOSFETs. The gates are termed temporary, because,
during the subsequent processing steps, the silicon nitride
layer 72 will be removed and replaced with additional metal.

The etch is performed using a conventional reactive ion etching
(RIE) process with a preferred etching chemistry cof either SFg

and Q. or BC}_:.;, Clz, and Os.

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 7é and the first
metal layer 68, and the isclation regions act as implanting
masks. The lightliy doped junctions 80 thus formed are self-
aligned to the MOQSET gates. The ion implantation is performed

b

conventicnally using an implant species of either P, As, or Sb
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protected by a mask, which is not shown, to formtenporary gates for

pl anned MOSFETs. The gates are terned tenporary, because, during the
subsequent processing steps, the silicon nitride layer 72 will be renoved
and replaced with additional nmetal. The etch is perforned using a
conventional reactive ion etching (RTE) process with a preferred etching
chem stry of either SF6 and 02 or BC13, Cl12, and 02. Reflerddtugpemowltdd Fig.
6, ions are inplanted into the substrate to formlightly doped junctions

80 where the t rar tes, conprised of the silicon,nitride Jl.ayer 72
and the" £t sjtmpel% a?i%égyg? g@?“’ﬁﬁﬂ PRy sﬁﬁ‘]a(ﬁi oﬁtP‘Eﬁcl;%‘HsaB&it 15;0%5@ anting
masks. Thesé) inghtlg doped junctions 80 thus fornmed are self- aligned to the
MOSFET? [t w<E™ THaY i Uh TG0 St PeeenpabrEEmétl KeWvendi 8hafey- usi ng an
i npl ant species of either P, As, or Sb 22 10 Cctober 2005 at an i npl ant
dose of between about 1x1014 atons/cnR and 1x10'5 atons/cnR and an energy
of between about 20 KeV and 80 KeV. Referring nowto Fig. 7, sidewall
spacers 84 Kaferrdswyanti saaFlLy - f or neddedhkl sinkewmtd Shaoers are preferably
conposed of silicon dioxide that is anisotropically etched to formthe
si dewatdnwspacdaens 184 ddjracdnt Thet hedeenpbrarargat esrcandefevebllyi ng a part
of the Iightly doped junctions 80.

composed of silicon dioxide that is anisotropically etched o

form the sidewall spacers 84 adjacent to the temporary gates and

overlying a part of the lightly doped junctions 80.

After the sidewall spacers 84 are formed, 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 regions 88 and the lightly doped regions 80
form the source and drain junctions for the planned MOSFETs.

The ion implantation is performed conventionally using an
implant species of either P, As, or Sb at an implant dose of
between about 1x10" atoms/cm? and 5x10'° atoms/cm® and an enerqy

of'between about 20 KeV and 80 KeVv.

A barrier layer 108 is deposited overlying the silicon

nitride layer 72 and the substrate 60. The purpose of the

i
b

barrier layer is to eliminate metal diffusion into the substrate

60. The barrier layer may be composed of any of several

23




After the sidewall spacers 84 are forned, ions are inplanted into the
substrate 60 to form heavily doped junctions 88 where the tenporary gates,
the sidewall spacers 84, and the isolation regions 62 act as masks for the
i npl antation and where the heavily doped regions 88 and the lightly doped
regions 80 formthe source and drain junctions for the planned MOSFETS.
The ion inplantation is performed conventionally using ldh Odtgleant08peci es
of either P, As, or Sb at an inplant dose of between about 1x1015

atoms/ cn® and 5x1015 at oms/.cn® and an energ of between about 20 KeV and
80 Ke\FeXashdtvematayesr uf@éflgyﬂéﬁﬁz%Yedl% PERAMYtHe Y6t con nitride

| ayer 72 and the substrate 60. The purpose of the w,. barrier layer is to
el i ni eierafdioy dietRdsPEhriAes -t hetstbRtPaeEeBRd M asHMadr [B¢er may be
conposed of any of several 23 10 Cctober 2005 refractory netals used,

typi catdsrian Jooiesi AdSi 88 wmRTEeedaet of ytamtanl mitridfesind ﬁatnﬁélﬁﬁ*ef erred
enbodi nent, the barrier layer 108 is conprised of titaniumnitride and

t ant al i rive rdege sddpds bye g Lbypmp| ashanend a@ice ot €D thol ckrtesisckafess  of

bet ween about 50 Angstroms and 200 Angstrons. Referring now to F|g 14, the
si | i carettvdar dédduay e ARgissroms and 200 Angstroms.

Referring now to Fig. 14, the silicon nitride layer 72 is
etched away. The silicon nitride etch is preferably a wet etch
comprising a chemistry of H3;PO, (phosphoric acid) at a
temperature of between abkout 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 formaticn of the MOSFET sources and
drains and sidewall spacers 84 to remove the silicon nitride
layer 72, the present invention insures that the subsequent
processing to finish the gate, drain, and scource connectivity
can be accomplished without additional dry etching at the source
and drain region substrate 60 surface. This segves to prevent

additional damage, such as microtrenching.

Referring now to Fig. 15, a second metal layer 112 is
e

deposited overlying the barrier layer 108. The second metal

layer 112 may be composed of titanium, titanium alloys,
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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 .also renoved. The
barrier layer 108 remains overlying the substrate 60 in non-gate areas. By
wai ting until after the formation of the MOSFET sourceslGrid:tadrea @9 0and
sidewal | spacers 84 to renove the silicon nitride I|ayer 72, the present

i nvent | i nsur e hat the.subseguent rocessing ta finish the gate,
drain,égﬁﬁisodré@i%ggﬁgbﬁﬁ&9¥§’ gﬁﬂgﬁgegtcBﬁ%ﬂ?EéhxF%ﬁQERHHCQﬂﬂﬁrPiQﬁal dry
etching at the .source . and rTin regi on substrate 60 surface. This serves

to preve®t sHditionall "dang5el La¥nPas PR btF@itH: . PVRe gt Gk ndw t o

Fi g. 1%8%a second netal |layer 112 is 14 deposited overlying the barrier

| ayer 4¢3 PEHE LSO RIPREL RN Fay BRe 19900 et abrrosed 1062 thist ani um titani um
all oys, 24 10 Cctober 2005 al um num al um num al | oys, tungsten, tungsten

al | oysieRSHg&d tor 2 E§ppEPeaF| o) sbeTheemeatadutnal, B deppsirtcsd asiing PVD or
CVD. In the preferred enbodi nent, the second netal l|layer 112 is deposited
to a thitkhésgsdropetweén abeuprefenedrgstodimerand the second metal

layer 112 is comprised, for example of a stack of titanium
nitride overlying tungsten or of a stack of tantalum nitride

overlying copper.

Referring now to Fig. 16, another important part of the
present invention is described. The second metal layer 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 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, beéause the
sidewall spacers 84 separate and electrically isolate the second
metal layer 112 in contact with the source, drain, and gate

regions.
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1,500 Angstrons. In the preferred enbodi nent, the second netal |ayer 112
is conprised, for exanple of a stack of titanium nitride overlying
tungsten or of a stack of tantalumnitride overlying copper. Referring now
to Fig. 16, another inportant part of the present invention is described.
The second nmetal layer 112 is polished to below the top surfaces of the
sidewal | spacers 84 to conplete the MOSFETs by fornm ndOp€cirakent 2g8bes
fromthe tenporary gates, and to form conductive connections to the

source and _drain junctions. The lishing step is perfqorned .using a
convention§Ff€ﬁ§ﬁP8aP°WeEﬂaﬁ?%alPﬁol?%ﬁﬁ W?§%5§$%E%ég§ge§8ﬁe§b?ve to
metal. In this step, the advantage of formng the sidewall spacers 84

pri or RAFHEENING eFe SEEBAd FRTQRIl Mhera rPt mEhmeded &xr 2 RgsEtching step
i s necessary, because the sidewall spacers 84 separate and electrically

i sol atdritdhe isedond shaenal thayerm 199rd FpitpmaduGiiive Cwensstiieas - drain, and
gate regions. 25 10 Cctober 2005 Referring nowto Fig. 17, second netal
| ayer Thliz andhtihg sbeaprier péd8oamed etehey adnwsargh onledr etebtingr ot ected by a
mask, which is not shown, to form separate conductive connections. This
et chi ng:Sirdpues .perflahnedhushngt cloiventtiemal s giectfiomgred, it does not

create additional microtrenching problems or substrate damage

because the etching line is over the isolaticn regions 62 and

not over the shallow junctions 80 and 88.

An intermetal dielectric layer 116 is deposited overlying
the MOSFETs, the substrate 60, and the isolation regions 62.
The intermetal dielectric 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 fogm contact
openings to the gates and to the conductive connections for the
sources and drains. A third metal layer 120 is conventionally
deposited overlyingmthe 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
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techni ques. Al though an etching step is perforned, it does not create
additional mcrotrenching problens or substrate damage because the etching
line is over the isolation regions 62 and not over the shallow junctions
80 and 88. An internetal dielectric layer 116 is deposited overlying the
MOSFETs, the substrate 60, and the isolation regions 62. The internetal
dielectric layer 116 may be any of several conventionall fatterieal 2005
deposited by conventional techniques. In the preferred enbodi nent, the

i nter al_dj ctric layer 116 is opposed of silicon dioxide deposited
by LR et ¢ rithd Sr0t S5 ERGS HBtaEneRr Rt ermeec® ) i aaaic Adger 116 1 s
et ched throqﬁ? >;ﬁ?ere not protected b% a, mask, which is not shown, to the
second il T4y PLESNA 6 EPAEEont YRt S1hHeoR Myt Hige He geresiaRd to t he
conductive connections for the sources and drains. A third nmetal |ayer 120
i s conVETRIOMH e gefedi tedesGernyrhy ameé Fhe ekmamtetdilelddetisict riigyer 96
and w,. filling the contact openings. The third netal |ayer 120 is etched

t hr ough? X&F twégrt Gk ihradateprehed| pieewet al s diwhsottrddt. 26 10 Oct ober 2005
| ayer 116 to form separate netal interconnects. A passivation |ayer 124 of
pl asma- enhanced, CVD silicon nitride is deposited

The advantage of the present invention as shown in the
second preferred embodiment can now be seen. As described
above, the novel process sequence, and particularly the use of
CMP to form the source and drain connections, reduces the
likelihood of the formation of microtrenches 76. If a
microtrench 76 does form, however, a metal spike and short
conditibn 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 essentiallyfthe same as

that for the gate. Consequently, the present invention creates

a preferred etching topology that is easier to manufacture.

v,
.

As disciosed in the preferred embodiments, the present

invention provides a very manufacturable process for fabricating
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overlying the nmetal interconnects-and the internetal dielectric [|ayer 116,
and the integrated circuit is conpleted. The advantage of the present
invention as shown in the second preferred enbodi nent can now be seen. As
descri bed above, the novel process sequence, and particularly the use of

CWP to formthe source and drain connections, reduces the 1|ikelihood of
the formation of mcrotrenches 76. If a nicrotrench 76d&ssokerny ORGdwever ,
a netal spike and short condition will not result. The use of a barrier

| ayer 108 over, the source and drain regions w|], prevent a netal short
from GEUe AgnatoRaOETBR® FREDBE BROE Gt HET! IS Folthe S8GFGe and

drain regions raise the level of the internmetal dielectric |ayer 96

cont acth®periimy nettel. JTRETAPBNSHEPER 20 cPiodit’es cohtdt "BPeHidgdPoPtt he
source and drain is essentially the same as that for the gate.
Consedqueradngtache imcgd éntdeviagenti on creates a preferred etching topol ogy
that is easier to manufacture. w. As disclosed in the preferred

enbodi ments, the present invention provides a very manufacturabl e process
for fabricating 27 10 Cctober 2005 shall ow junction MOSFETs with either
pol ysi |l i comtarlarethal igatesion has been particularly shown and

described with reference to the preferred embodiments thereof,
it will be understood by those skilled in the art that various
changes in form and details may be made without departing from

the spirit and scope of the invention.
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that elim nates junction spikes and shorts in the manufacture of

integrated circuit devices. Wile the invention has been particularly shown
and described with reference to the preferred enbodi nents thereof, it

wi |l be understood by those skilled in the art that various changes in
formand details nmay be made w thout departing from the spirit and scope
of the invention. 28 10 Cctober 2005 Clains 1. A net hod GOdteheirng ONMSSFET
transistors in the fabrication of an integrated circuit device conprising:
provi ding a gate oxide |ayer overlyingla.seniconductor substrat e;
depositing a first netal |ayer overlying '8aid gate oxide |ayer; depositing
a silicon nitride |layer overlying said first nmetal |ayer; patterning said
silicon nitride layer and said first netal |layer to formtenporary gates
for planned said MOSEET transistors; inplanting ions into said substrate

to formlightly!-dopéd™FtaPA PEgF SREIALSRT S dF cRrdfferar yngabes act as

fabrication of an integrated circuit device comprising:

providing a gate oxide layer overlying a semiconductor
substrate;

depositing a first metal layer overlying said gate
oxide layer;

depositing a silicon nitride layer overlying said
first metal lavyer;

patterning said silicon nitride layer and said first
metal layer to form temporary gates for planned said MOSFET
transistors;

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

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

implanting ions into said substrate to form heavily
doped junctions where said temporary gates and said
sidewall spac§;s act as masks for said implanting and

R

wherein said heavily doped regions éﬁd said lightly doped
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i npl anti ng masks; form ng sidewall spacers adjacent to said tenporary

gates and overlying a part of said |lightly doped drain regions; inplanting
ions into said substrate to formheavily doped junctions where said
tenporary gates and said sidewall spacers act as nmasks for said inplanting
and wherein said heavily doped regions and said lightly doped 29 10 Cct ober
2005 regions formthe source and drain junctions for saditdOgscksted "NESFET
transi stors; depositing a barrier |ayer overlying said sem conductor

substrate; thereafter etching away said silicon nitri | ayer; depositing
a second né@&ﬂopgngrBV%EFy?gﬁrgﬁiﬁn%a.%?%ﬁ ]W%®E¥?“%g§) P%ﬁgt netal | ayer,
and said sidewal | spacers; and, polishing down said second netal |ayer to
bel ow t he PIERNSGr PRCEEToFr8BFYSEPHRal | spacers to conplete said MOSFET

transistors by form ng permanent gates fromsaid tenporary gates, and to
f orm conduct i ve depREEENENE LPBTELFYI WYY R AT a&fd Hrai n j uncti ons.

semiconductor substrate;

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

polishing down said second metal layer to below the
top surfaces of said sidewall spacers to complete said
MOSFET transistors by formingrpermanent gates from said
temporary gates, and to form conductive connections

overlying said scurce and drain junctions.

2. The method according te Claim I further
comprising:

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

patterning said intermetal dielectricjiayer to the top
surface of said second metal layer t¢ form contact openings
to salid gates and to said conductive connections for said

sources and drains;

L
e

depositing a third metal layer overlying said

intermetal dielectric layer and filling said contact
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2. The nethod according to Claim1l further conprising: depositing an
internmetal dielectric |ayer overlying said MOSFET transistors and said
sem conductor substrate; patterning said internetal dielectric'layer to
the top surface of said second netal |ayer to formcontact openings to
said gates and to said conductive connections for said sources and drains;
, 1V, w. depositing a third netal |ayer overlying saild iOattefnret 21005

dielectric layer and filling said contact 30 10 Cctober 2005 openi ngs;
patterning said third netal layer to formseparate netal interconnects;
and deposi t9Hg'd'Hdssi vati on | ayer overlying said netal interconnects and

said internetal dielectric layer to_ conplete fabrication of said

i ntegrated circlAttGeVited. s31AThBIABt Rk hckdyelr rep tio ) Hemarafser ei n sai d
first metal |ayer conprises one of the group containing: titanium
titani um alhesd, lAItGHRCAGRECASamiAgm al | oys,

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 Angstroms.

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

between about 500 Angstroms and 1,500 Angstroms.

i, _—
hup

6. The method according to Claim 1 wherein said

second metal layer comprises one of the group containing:
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tungsten, tungsten alloys, copper, copper alloys, titanium nitride
overlying tungsten, and tantalumnitride overlying copper. 4. The nethod
according to Claim1l wherein said first netal |layer is deposited to a

t hi ckness of between about 500 Angstroms and 1,500 Angstrons. 5. The

met hod according to Caim1l wherein said silicon nitride |ayer is
deposited to a thickness of between about 500 Angstromns’ &t-cke30@005
Angstronms. 6. The method according to Claim1 wherein said second netal

| ayer conpri.ses .one of. the gro containing: 31 10 Qct ober, 2005 titani um
it ani um o1t gy otk OB ONERYRY af FOY&Tam ¢ AHRPERT (UHSen al | oys,
copper, copper alloys, titaniu nitride overlying tungsten, and tantalum
nitride ov W%ﬁ%ﬁ?n'c5ﬁﬁgﬁﬁe?.a$h8yﬁetﬁ%ﬁpﬁfco?%#Pé%t?ﬁkﬁ%ﬁWn?EﬁﬂﬁéPéin sai d

second netal layer is deposited to a thickness of between about 1,000
Angst r ons éHHan%U@VRﬁ§§9P8n§PnS§ten' 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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