c;e3efy*ttuw xH yeyTynt 11 Septenber 2002 1 A NOVEL METHOD OF FABRI CATI NG
METALLI C LOCAL | NTERCONNECT| ONS THAT ALSO | MPROVES TRANS| STUR SPERMBbRK/$QR02
. BACKGROUND OF Tmm (1) FIELD OF THE | NVENTI ON The present

i nvention rel at rication of sem conductor devices on
substrates, and noressparticularly relates to a nethod for making | oca
netal interconnections that also inproves the electrical conductivity of
the polysilicon gate electrodes for field &ffect transistors (FETs) while
provi di ng | ow cont AcNOVEL METHOD OF FBSRICAIING METAULICHLOOMstrate. (2)
DESCRI PTION OF THE PRIOR ART Field effect transistors &gFng are used in

t he seni conduct or IAGERCONNEGT IONS: THATr &d.SCc IMPROWESy STGRs| )
circuits. These FETs arg conmmonly formed using patterned conductively doped
pol ysi | i con Iayerspﬁﬁféﬁﬁmﬁﬁﬁe el ectrodes and diffused sel f-aligned doped
areas in the substrate adjacent to the gate el ectrodes for the source/
drain areas. The polysilicon |layers and the source/drain r~r 11

Sept enber 2002 2 areas, even though conductively doped, have nore

el ectrical resistance than netal or netal silicide |ayers. This higher
resistance is generally J e I feod ases the RC (resistance
X capacitance) tine delagﬂgﬁé¥$e C|F§ﬁﬁﬁﬁgﬁﬁh#ggﬁ§g§ circuit performnce
(speed). Therefore, it is a comopn practice in the industry to use netal
silicide on the gate el ectrodes and | ocal interconnections to inprove the
circuit perfyor @ikG® JIMTHEOTWRNIGON Method of forming the FETs with
sflicide gat'e el ectrodes and source/drain areas is to formthe gate
etectrodes by patterning a nultilayer of doped polysilicon, a netal
silicide, and a cap oxide |layer over the device areas. The gate el ectrodes
axe then used Fher pliddeii dnventitn aklldtdy it tmsEdbr fcaticgeldE al i gned

| ightly doped source/drain areas in the substrate adjacent to the sides of
t he gat e aemtiicordhretdd diewdldes msulsabisty atkessparael mare gaartirohlarliyhe gat e
el ectrode sidewalls and a second inplant, aligned to the sidewall spacers,
is used tael@tas Ho souwmeddiodt £ior owking locsds meX aietizlt 6 xcatayessiitcas and
anneal ed (sintered) to formthe silicide source/drain contact areas with

| ow resi sttihide allspndvmrovesi $hee@liecds isadi qamsuctdvitisheh it nad ¥orm t he
gate electrqodes in the nultitgyer of oxide, silicide, and polysilicon,

whi ch al s@ildfan gatee afe fore il edidiaffact tFranyistors ((FELS dewal |

Spacers. while providing low contact resistance to the underlying
silicon substrate.
{ (2) DESCRIPTION OF THE PRIOR ART

Field effect transistors (FETs) are used in the
semiconductor industry for Ultra Large écale Integration
(ULSI) circuits. These FETs are commonly formed using
patterned conductively doped polysilicon layers for the gate
electrodes and diffused self-aligned doped areas in the
substrate adjacent to the gate electrodes for the source/

drain areas. The polysilicon layers and the source/drain

R
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11 Septenber 2002 3 Anot her method which saves processing steps is the
self-aligned silicide (salicide) process in which both the sil & tfPtgeher 2002
el ectrodes and source/drain areas are made at the same tinme. In this nethod
the gate eteectrodes are formed froma single doped polysilicon |ayer, and
after formng insulating sidewall spacers, a single netal, such as titanium
(Ti), is deposited and anneal ed to concusrently formthe silicide
source/drain areas_and, silicide gate.electrodes. e unreacted Ti.on.the

oxi e s deREPE s pareRethnushint SrREFEL TP IS 8PFA; BoFe PREBIR e 18h
electricall¥si80LAtE tREnShLES) I8 SRUERS/ didiBaapeaaybiam thA: 8! highde date
el ectrodes. wever, as these polysiTicon and polycide l'ines are réduced in

width to akégﬂéhsﬁeerisigsﬂé%aprshﬁaeg@faBQEUBscbﬁgeg&et@Hcféasagt%hethe
resi stance of the local interconnecting lines (including the gate

el ectrodespcd{ paBis€ahty kNEhHaELEannd)CLifg! Bel8Y! BEMBAGCCE scdi#i Bhghed.
Several nethods have been reported in the literature for reducing the
pol ysilicopeaaakst aneeuby perfbiflafitei ¢hfeean.t henekdfgabs etegkrades and
| ocal interconnections.

common practice in the industry to use metal silicide on the

'
A

gate electrodes and local interconnections to improve the

circuit performance.

One conventional method of forming the FETs with
silicide gate electrodes and source/drain areas is to form
the gate electrodes by patterning a multilayer of doped
polysilicon, a metal silicide, and a cap oxide layer over
the device areas. The gate electrodes are then used as a
diffusion or implant barrier mask to form self-aligned
lightly doped source/drain areas in the substrate adjacent
to the sides of the gate electrodes. Sidewall insulating

3 spacers are formed on the gate electrode sidewalls and a
second implant, aligned to the sidewall spacers, is used to
form the source/drain contact areas. A metal is deposited
and annealed (sintered) to form the silicide source/drain
contact areas with low resistance. However, this requires
additional etching steps to form the gate electrodes in the
multilayer of oxide, silicide, and polysilicon, which also
requires reasonably vertical sidewalls for forming the

sidewall spacers.



+11 Septenber 2002 4 For exanple, in U S. Patent No. 5,683,941 Kao teaches a
nmet hod for making a self-aligned silicide on the patterned pQ#ﬁ%L'ﬂE 0. 2002
:using an overlying insulating |ayer that is planarized, and t RYERE
back to expose the polysilicon. A netal |ayer is deposited and reacted with
t he exposed polysilicon to formthe self-aligned polycide pattern. A method
for maki ng back-gate contacts fox FETs o% a silicon-oninsulator (SA)
substrate is described by Chan et al in U S Patent No. 5,610,083. The
met hod chem cal | y-nechani cally polishes back an overlying insulating |ayer
to a polysilicon co 'mdBd td4 SBY ; upst e,
whi |l e concurrently %ﬁﬁ%{g@gﬁs. @rﬁ%ﬂrr@?héo%&%%es noétgé\gald‘ﬁa#)eésés]@?%cg? the
i nt er connegdliONsL i e her1 etdwd( sfé)fiéiﬁ_ﬁp\c/{rif&ééﬁe Shefli dPBSERNERe OF an
integrated circuit device gate is described by Gvens et al in U S Patent
No. 5,268,830 cilde tdutse | ettt e finand Sshut de)gid Difera s eshe Si hidde | 8t
pol i shed back to a passivation |ayer (Si3N4) over the gate el ectrode. The
passi vat i dthd mae isimenovied thiss ndichahtthe | gate clledntbd@es canckeict | ng
material) such as tungsten, is deposited to nake contact to the gate
el ect r ode farnefrizmam thesigtgle dapsd trokyes i Hovmyelayethe amyeaften does not
describe the formation of inproved netal |ocal interconnections and
i nproved thRing dmpeigoinmideval] fapacees, ¢ inglametal i rseehias are
to use a unjitary netal layer_to fill_the_ contact openings and the recesses
sel f - al i griddaim (T Jyatls daRasigrs andhanpgaled treteangurxently t hen

patterned to formthe |ocal interconnections while concurrently |eaving a
self-alig “bﬁ'éiet ﬁ@ﬁqsﬂa%mﬁ/ﬁq%@rr%@%éw%% eQﬂg%des t hat

id | ectri.cal i St . and | es t [ f :
Provtdes I EMASAl et e L IaNGR A LIPS, ARSI prape Lo mnce
| ocal I nt e LORREIHUYS d@!d%db sule 3l St fleg R d '@L{é’uﬁglfénfféé“ cal

conductivity and 1 nproved transistor perfornmance on rat ed
circuits, whfidd tpisiiie oo (il AOCOHIN U dANE M etk StPflLedon 10
di nensi ons. SUMVARY OF THE INVENTIC»V?% st efg?ore a principal object of
this invejatd diedtdidadsocal netal interconnections while inproving the
contact resistance to the substrate and inproving the electrical
conductivity of a patterned polysilicon layer that is used to formthe FET
gate electrodes. It is another object of this invention to provide these
i nproved contacts amidpweNEx byassdiesd walwsidnmomarndealacids ul biesig | ayer
over the patterned polysilicon |layer that also forns the FET gate
el ectrodesfare reduced in width to allow higher circuit density for
future integrated circuits, the resistance of the local
interconnecting lines (including the gate electrodes)
dramatically increases and circuit performance is

diminished.

Several methods have been reported in the
literature for reducing the polysilicon resistance by
forming silicide on the FET gate electrodes and local

interconnections.



~Still another objective is to use the patterned netal |ayer for naking the
metal interconnections to formmetal contacts in the insul at’n§eptgpler 902
the substrate to further reduce contact resistance. Another object of this
invention is to provide a sinple and manufact urabl e process. 11 Sept enber
2002 6 In accordance with the objects of the invention, a method for
fabricating inproved netal interconnections which also reduces the

resi stance of the pdiater gg@mpdeysiincdh $ ayPetenst ¥Pso F.0r8d Xile Have

el ectrodes fon, the F . 0 C. 59; y ' | contacts
to the sug:s arc%teeg]ian ‘F%gh?ﬁlsgﬁgt ?"%3"1%5 d%!%/iéfr] ‘ﬂf{ su%s?%g{gfﬁ%ﬁ Fgﬁuces
cont act remityicamed. pAlyhblidbon hesiret kod overdgingi besularimn INyvelashak FET
on a P doped substrate, th t ho | sp.applies to form ng P-channel FETs
on N doped Suerarized: apud i ShRl SR L5 pkPrne i e ALIAGBort b
P-channel mngeNaghanngdr FEES, dé@SPEEdd Vany H&aéiopedwiledl | shandxBowell s
formed on and in the substrate. The objectives described above are achieved
by provi dirRl¥sisEifabnbacterns g r gedf-abéangd ®odivrgioecBattArs | | don
doped wit S , I Ei de ( FOX). r:egi.ons are
formed i n%%ﬁ%@%eﬂggggér%%ggt gé%?%%ﬁ%(ftasln Iogl %F?i%él%/glllslg%gt g%devi ce
areas. Thelrn€ atorf of90dd Ippbsttalaltew ity deelvdideldatiyoCh@dTlet, ads imomrenl y

used in the industry, an e STl is made, pl gnar. wi.t h_the substrat
surface. AR o}‘]ﬁi'ngs'a’t%e&'ksbﬁ%' a gate ‘8§F588i §hfeg\;r?€&flyf8}ec25?&r’rﬁlagl¥y
thermal oxpsltdidb WA drhewaaiveaRrigrfllaidda dylels tA L prdyatinyelyn doped

polysilicon layer is deposited on the_substrate using | ow pressure chem cal
vapor deposertast (Iouskingd elecgsiealnwreRtack okeuehe v@bstratese whddiger

2002 7 concurrently forming FETs. The method does not address local
interconnections. Another method for improving the sheet
resistance of an integrated circuit device gate is described
by Givens et al in U.S. Patent No. 5,268,330. In this
invention an insulating layer (doped Si0O,) is polished back to
a passivation layer (Si3;N;) over the gate electrode. The
passivation layer is removed over the gate electrode and a
conducting material, such as tungsten, is deposited to make
contact to the gate electrode to improve the sheet resistance.
However, the invention does not describe the formation of
improved metal local interconnections and improved transistor
performance. Key features of the current invention are to use
a unitary metal layer to fill the contact openings and the
recesses self-aligned over the gate electrodes. The uynitary
metal layer is then patterned to form the 1local
interconnections while concurrently leaving a self-aligned
electrically conducting layer over the gate electrodes that
provides reduced electrical resistance and improves transistor

performance.

However, there is still a nee¢d in the semi-conductor

inductry to fabricate local interconnections with



. dopant such as arsenic (As) or phosphorus (P) using ion inplantation. Next
a first insulating |ayer conposed of silicon nitride (Si3N4) is deposited
.by | owpressure chemical vapor deposition (LPCVD) on the poRjysiaptemhen 394 .
The first insulating |ayer and the polysilicon |ayer are patterned using a
phot oresi st mask and ani sotropic plasma etching. The polysilicon is
patterned to formgate el ectrodes over 5t he device areas and form portions
of the Ioc ' c ' el XJ i ' Lons.
Ui gty dopir S5E8 CEMFEH O8F SURSud bRy AEdiicoTda A LEETS.

Lype dopani.adacgnie g ALLOREILY el e aat e EhertEodgRont 1hgo abagn

FET. A conformal seco i ng yer conposed of siTTcon ox i 02)

i s deposi tefl fye QX O¥EEnLLEL PS1S FLELIBOISSRIErSS BRI §PhERPIGR!Y etched
back to form sidewal |l spacers on the sidewalls of the gate el ectrodes.
Source/drain contact areas are then fornmed by ion inplantation adjacent to
the sidewall spacers. Athird insulating |ayer conposed of Si02 is
deposited on the substrate and is chem cally-nechanically polished back to
the first insulating layer (Si3N4) to forma planar surface. By the nethod
of this invention, the Si 3NASUMMARY i OB UTHE | INVERTEON| s sel ectively renoved
over the patterned polysilicon layer to formrecesses in the third
insulating layer. The Si3N4 is selectively renoved using, for exanple, a
hot phosphoric acid solution while |eaving the second and the third

insul ating | ayers eskenisathgrefore 3ipsipeipdbrobpectgofinkhéded. Next,
contact openings are etched in the third insulating |ayer to the substrate
usi ng a phbreeesidR ERskoERdleasdlorebdl cirterrepneatbraskebibRr al | ayer

havi hi gh el tri | ductjvity.i d ited t ill h tact
ot o Sraetng SBhe COOSHEE redi Rl oRa! filg' Pubatrakd 88l oo an

essenti al | I r S e . For ex netal | ayer
can be coﬁ%@@%%pgéga %r??%$£¥%€§},g@%%%ggév%??a%?u%??%?gﬁ%ﬂ§9nitride
(TiJdTi N, . e i C r S n e opper,

al um num ?%%ﬁ?g%i*ggé% g@%?a§$3§§é%rt€ﬁg ?kgﬁaAfgg gﬁtghe met hod of
this invenéiéﬁhrég@gpntal | ayer is patterned using a photoresist nmask and
ani sotropi c plasnma etching to conplete the |ocal netal interconnections
whil e | eaving portions of the netal in the recesses to inprove the

el ectrical conductivity of the patterned polysilicon |layer. By a second
enbodi ment of this inyvensi amMotler asli écOnat PhOE oLreeAtioASkoi prusedet O
pattern the Si3N4 first insulating |ayer |eaving portions over the
patterned pPrgsiinpoovédyeontacssrand aBETs dsypovelectivelperpmovingethaet al
| ocal interconnections. The Si 3N4 can be etched using plasma etching in a
gas that ctdMmenSHBAZIRG| bayey pyer theJH§§E$E%ﬁ@eP°gE§21®CBRIEFYer
DESCRI PTI ON OF THE DRAW NGS The objects and ot her advantages of the
inventi on Ehat ko uFrrerst BeR TFT 93ke 2 RREre@eehe enbodi nents and in
conjunction with the follow ng draw ngs.

Still another objective is to use the patterned
metal layer for making the metal interconnections to form
metal contacts in the insulating layer on the substrate to

further reduce contact resistance.

Another object of this invention is to provide a

simple and manufacturable process.



.Fig.-1 shows a schematic top view of one possible [ocal interconnection
structure after patterning the netal layer. Figs. 2 through B séptember 2002
schematic cross-sectional views through a field effect transistor and a
near by contact to the substrate for the sequence of processing steps for
making this local interconnection with inproved electrical conductivity by
the nmethod of this invention. Fig. ?A sho a schematic top view of a |ocal
i nterconnection structure by a second enbodi nent in which portions of the
Si 3N insulating |layer remain over the patterned polysilicon |ayer (gate

el ectrodes) to servg, as, GIQSSOVEr %.,ift%r £ A YE 1gRa! invention, Sigh

I nterconnections. Fi'g. 7B shows a schemati c cross-sectional view

E Ee regi ogeBrda ‘%Tox‘:if%br%aftqrnga iRl Hetldle PRI cdrH EHCRIHIE GiH A Over
e Si3N4 1 nsulating |ayer. 11 Sept ember 2002 10 Fig. 7C shows a
schemat i ¢ RS TeRddOHe W stance of the patterned polysilicon
layer that also forms the gate electrodes for the FETs.
Also, the method concurrently forms metal contacts to the
substrate in the insulating layer over the substrate which
reduces contact resistance. Although the method is
described for an N-channel FET on a P doped substrate, the
method also applies to forming P-channel FETs on N doped
substrates. Also, the process is compatible with making

both P-channel and N-channel FETs, respectively, on doped N-

wells and P-wells formed on and in the substrate.

The objectives described above are achieved by
providing a semiconductor substrate, such as a single-
crystal silicon doped with a P-type dopant, such as boron.

Field OXide (FOX) regions are formed in and on the substrate

o

to surround and electrically isolate device areas. The FOX
is formed by shallow trench isolation (STI), as commonly
used in the industry, and the STI is made planar with the
substrate surface. After forming the STI, a gate oxide is
formed, for example by thermal oxidation, over the device
areas for the FETs. A conductively doped polysilicon layer
is deposited on the substrate using low-pressure chemical

vapor deposition (LPCVD) and is doped with a conductive



(through the region GC of Fig. 7A for a portion of the netal

i nterconnection through device areas separated by field gfi 8&taR84:2R3802
DESCRI PTI ON OF THE PREFERRED EMBCDI MENTS Now i n keeping with the objects of
this invention, the nmethod for formng | owresistance netal |ocal

i nterconnections while retaining the metal over the underlying patterned
polysilicon layer to further inprove the7circuit performance is described

in detail..Th thad is d ' ' j ' f
N channel JHERPEINE 4F S (e Do TAORR (P SiEBaEth 0 T

| ectrodes; |t - | . Lk inth
art that DyRETRAtioh: | A B R e TS hat both

P- and N-chainedn REHR i N t ' | peil o nnecti ons,
can be made on P? éﬁﬁ?%g%og%gﬁﬂéfpg§i?é?ﬁif%ﬁ%g?¥ate,,pgﬁﬁgéﬁﬁt

conpl enment gHemI®d Bl v&pdEedsese corshictopcyiMEn €hé pblpsi M ébn i IRyered
circuit performance, can be fornmed therefrom Referring first to Fig. 1, a
top view ofhéd PDrét oinSilHt psidpde Hed i fige OPSl ¥y PEiGdn | Depér are

i nterconnection is shown to better appreciate the invention. Only the key
el emrents gfatternedantimyn arghalem es st tmask ngohd f anisetrogic Sepasmber 2002
11 drawing. Fig. 1 shows a P doped silicon substrate 10 having field oxide
areas 12 asiozining he Eue i pel e/l beomr baspditemhed tbp foew gabes the fi nal
structure of this invention. A patterned polysilicon |ayer 18 forns the FET
gat e el ectelrickbrades oveer tthe diavice saxers amd foxmportiors @bl ykelicon 18
extends over the field oxide 12 to provide_ portions_ of the |ocal

i nt er connek?Fdh. inteyconnechionre gwrpothe | fe}d oxidebsadatiQRr t he
substrate, having recesses 4.in the oxide_aljgned over angodomn to the

pat t er ned TRAVRFi cAt IRYEY dePed $RULFe(ATRIN | ATERP T ¢ etPHREA p28¥Er ned to

| he | I [ 32A. During.th i h |
ayer - porf GHE ot TRt oo b RS v he e Rt 88 8L eSa8a 6P e -
palt efned Gl elld cofld @sied fod Uk hekatRENRetDe £ sGhEbeglr oS! stance

and to inprove e circurt pertormance, reducing the RC
time const 1FW[h' | i I t t LS
concurrently ?%#ﬂéﬁ?é en t#é?é%ééﬂé?%é%ée?§$§e%gg?%gﬁ %%géﬁapﬁé?%Zdl?o
conpl ete tdepdOredd By ERPNONEEE | RS . gdHE E1086r8864L 1 8N 64 64nigb-t he

drawings in Fig. 1 is depicted in Fig. 6 for the conpleted interconnect
structure,todgli dalby €tdhedUsHcIO ShoR61Ehes BREWMEDT esPhcProCenStRéeps.

Referring nowto Fig. 2, the nethod of formng this inproved | ocal

i nt er connexideawma kls unf utke | gatkeselederodes det Sobrcéydgransbombaatschemati ¢

cross-sectional view of the substrate 10 having a partially conpleted

N- channel #feRs are Sdpererferneddyy ion implantation adjacent to the

o sidewall spacers. A third insulating layer composed of SiO,
is deposited on the substrate and is chemically-mechanically
polished back to the first insulating layer (Si3Ny4) to form
a planar surface. By the method of this invention, the
SigN, first insulating layer is selectively removed over the
patterned polysilicon layer to form recesses in the third
insulating layer. The Si3N4 is selectively removed using,

for example, a hot phosphoric acid solution while leaving

the second and the third insulating layers essentially



;12 formed on and in the substrate surface. The preferred substrate is
conposed of a P-type single-crystal silicon having a <10b> ¥dr §ertemberr2aBhi c
orientation. A Field OXide (FOX) isolation region 12 is formed to surround
and electrically irsolate the active device areas 14. For the purpose of
this invention, the FOX 12 is nmade planar with the substrate surface, using
various nethods as comonly practiced in8he industry. For exanple shal | ow

bty at o uBetaRgal O hhater eRRL IR Cottnshat  Afe CERARAS b thACLRIERCON |
Do et Lo SHER1BREHa PablE PHOTHESLERBNAEL £H§5§C%Rnég¥§8%é9'égkky
referring Hth satrb ¢cFELan 2h8, nOA'£95HEQt'meEQ@ aabb¥endeyhgenagsas 14

by first t erna y oxrdr zi ng t e device regions to forma thin gate oxide
16. The pr@i@&%@@chﬂ'eBﬂaﬁétQlepe1lahepe§5@@d1§ol§1@§twﬁancaheaht25 and

200 Angstrons. Next, a conductively doped polysilicon |ayer 18 is deposited
on the SUbébéﬁ&ﬁFHShﬂa tay peessHEs8 ¢Hefheakni2AoindapatihigonayefCobd
using, for exanple, silane (SiH4) as the reactant gas. Layer 18 is
deposited te #@opmeharesdehbiakngsplahabelluger abeut theOsabdt4a@e .Angsir ons.
The polysilicon layer 18 is then doped with a conductive dopant using ion

i npl ant at i erampd e, exhephetaby lagpkanannheacemppsedons @AbaTyiesl fleweat,i vely
| ayer 18 can be doped 11 Septenmber 2002 13 in-situ by introducing a
dopant gassufbrasxsiphraiumdpérangusanibeidepédiyfiliddi Agdaar egedant gas
such as arsine (AsH3) or phosphine (PH3) to the SiHA during deposition.

Pr ef er abl yelpetydpaht ceBAuekerasreh as §§P9§¢Ppcoﬁ0P§?€n a3 umd ngaYy ween
about 1.0 E 19 and 1.0_E 21 atonms/cnB8. Continuing with the process, a
first |nsuP&PFhQumay§F1!9r¢oﬁﬁé§éélBNrsPFl&Bﬁ ﬁ##ﬁldeA@SPSRZ)tP§ deposi t ed
on the poI on_la er 18. Layer 19 is depos ressure chem ca
vapor depo %8 ?EP Bf 48VREL PEhIBPSsW?&Eg ESVEEZéf)pg%&e§HﬁSnP§1PﬁH3

as the react apt hlckness of

hotwoon B pPosHEeERst R8sk, ANg, pELEbtERRLF: PIRSPR. Blahnd Bl of "o a0
the pol ysi Li.fgnel 8y ehelfonse ma&gerﬁ@F&eﬁkaﬁocaghs ety g over the

devi ce areas and orm portions o I'nterconnecti ons over the

field oxidgoreahakl g8 tRE! ABEalZinl BYE' $eldsdd 48 duPradel ehacd using a
phot oresi st mask and ani sotropic plasma etching. The anisotropic etching is

carried 0ualaét99c31hbehddeaibaxyprSEﬁe(HEEkeeh@ae501§QQ1§b%Hg1@@@%’ 19
can be etched using an etchant gas such as hydrogen brom de (HBr), carbon
tetrafluoride (CF4), trifluoronethane (CHF3), nethylfluoride (CH3F), or
carbon hexafl uoride (C2F6), and the polysilicon layer 18 is etched using an
et chant gas such as PB@raosechhdr embobeht oflthSeptioveati2®Q2amd Still
referring to Fig. 2, lightly doped source/drain areas 17(N-) are forned
fext adj acaddi&nenali phedoresint gask édscuseddss PaAtern: fhieNSdhdanel FET
to mnimze short-channel effects., The lightly doped source/drain areas
17(N-) arefFBFﬁean591PBhn9nﬁP§ﬁF|ﬁ@aahnﬂ P9E§188§aﬁwe§u@ﬁea§@%§9£ﬂ
phosphor us i a conformal second insulatin

20 t ed.
Paver 90 BODYEEALSAM, 188RE0L8USBF VS, 68, caﬁaspgeaép%eFt the F@Fté%éﬁ%fSI b
LPCVD t h t et T TEQS/.
The second EREN SFAY FISFCIDNPELARADS: { SAS: 518 e SRR PR t%#ﬁfhé§s9%?”e
bet b 00 _Angst d I hed back t
e e o 0, 000 RO BT SRR o
exanpl e, the etchback can be carried out using a reactive ion etcher (R E)
at | ow pressure using an etchant gas such as CHF3 and CF4. Next, the

source/drain contact areas 19(N+) are formed by ion inplantation
source/drain a concentrat for exanple, and 1.0 E 21



~adj acent to the sidewall spacers 20. The contact areas 19(N+) are doped
with arsenic to ion sufficient to provide good ohnic cont att Sepgepbgr 2002
.concentration of between about 1.0 E 19 atons/cnB8. Referring to Fig. 3, a
third insulating |layer 22 is deposited on the substrate to a thickness that
exceeds the total thickness of |layers 19 and 18. For exanple, for , 11
Sept enber 2002 15 the thicknesses of |ayer919 and 18 cited above, the

t hi ckness of the third ins i I t greater than
3000 Angstrons. Layer 22 i%ﬁﬁéﬁpg?% ggﬁgﬁé%gggdf%ﬁeggégigﬁﬁ is deposited by
LPCVD usi ng a reactant gas such as TEOS or TEOS/ ozone. Alternatively, the
third insulating | ayer 22 can be a doped silicon oxide, such as

phosphosi |i cate gl asgné PS5 e 0 s PRRAPHORRROSEVARBASS! 88SthBPEH enBEbRI i NY
to Fig. 4, the third insulating layer 22 is chem cally-nechanically

pol i shed (&MP)b&gtkubi@et£Eobdreithnsefatenge! tyethé Semb¥diménts haama
pl anar surface. The polish-back. al so exposes the top surface of the Si 3N4

| ayer 19. dbéwj@iPtisencaithetheufolsongngndagpingsiate polishing slurry as
commonly practiced in the industry. Referring to Fig. 5, by the method of
this invention, the Si3M4 first insulating |ayer 19 is selectively renoved g
over the patterned polysilicon [ayer 18. Renoving the Si3N4 19 results in
recesses 4 in the thrig.ihsshowsng sahemaRc Top vieesofsonegpessalibired
over the patterned polysilicon layer 18. Preferably the Si3N4 is renoved by
et chi ng i nlecabt ipkespPerect bep gstenotuse aftartpaptesning theametinli1600C,
whil e | eaving the second and the third insulating layers 20 and 22,
conposed ota¥eH2, essentially unetched. 11 Septenber 2002 16 Still
referring to Fig. 5, contact openings 5 are etched in the third insulating
| ayer 22 to the substrate 10 using a photoresist mask and ani sotropic

hi ng. Th ' hed ' het
et chant gllset ot ot chSe 18 Eridl Qizﬁé% SepliphEc riPramoeibiofare 10
c . . .
CrFs. " car DR RneeT o ey Fabl SRERLECrPuhaVEEDS, BRaPh ok RI SoRARA T,

gases in vapi ppe SIDLPRLL OBSy EHENsEGuEAES oFBFSceS€ERg 8PdpEFforcan be

used.
making this local interconnection with improved electrical

conductivity by the method of this invention.

Fig. 7A shows a schematic top view of a local
3 interconnection structure by a second embodiment in which
portions of the SigN, insulating layer remain over the
patterned polysilicon layer (gate electrodes) to serve as

crossovers for the patterned local interconnections.

Fig. 7B shows a schematic cross-sectional view
through the region B-B' of Fig. 7A for a portion of the

metal interconnection over the SiaN4 insulating layer.



. Referring to Fig. 6, a barrier/adhesion |layer 30 and a high electrical
conducting netal |ayer 32 are deposited consecutively. Tine september 20@ger 30
is deposited to a thickness sufficient to prevent reaction of the netal

| ayer 32 with the silicon substrata 10, thereby preventing . degradation
of the shallow diffused junctions 19(N+) in the contact openings 5. Layer
30 al so inproves the adhesion propertiestdor bonding of the highly
conducting metal | ayarg 32d Gl WK Ol ddiclileal Peeh yPe Of

4
barrier layer is a titaniunmtitaniumnitride (Ti/TiN). For exanple, the Ti

can be depgsidicth BhoRWg i deRosids oPidr O kgt 4 aetishibe the TIN can

be forned oduci ng nitrogen during the sputter deposition. Typically
the barri gfedYeintEr dSni€PObbN ethiSugh (déwikde Ssrads hedpeearedayy S0 and
1000 11 Septenmber 2002 17 Angstrons. Next, a high electrically conducting
metal | ayefieaddl iskitRpasdadishsp reduce the electrical resistance and to

i nprove transistor performance. Layer 32 is deposited to a thickness
sufficient to fill the recesses 4 and the contact openings 5 and to form an
essentially planar surface. Mre specifically, the nmetal layer 32 is
deposited to a thi ckn3BESCRIPEIONOF JPidkit PREERRER BMBOD IMENTS ons. The
netal |ayer 32 can be conposed of an electrically conducting material such
as tungsten, copper, alumnum platinum silver, palladium or the |ike.

Still Fig. 6, the netal |ayer 32 is patterned using a_photoresist mask and
ani sotropi c pl asma Q% 1Ry keeRHign WHER | thay oharehs | of cbR1AnbRYERRECRRA.

F le, th be, pat d usi HDP et chj d

2ppr opr | atOIS ALY T rITEHS LoperRR TRt BIcs e Eohpbatefon of the metal

I 32. T tal | 32 | t dd to th f the third

noul ot ng TegRRoe g idhe st e LSt o N hfEab BBy G 1867 Cecae 4
th 144 t t | sewh

over the RIS AR idd pofted L8y TGOP fo SHEELRLECngREyE PETRET ©

Fig. 1. Thérge[ reSMd St gk FOFAYELe (16 SAEGHIBER! 160a8HEE1 Y L¥h 8T mbRod

patterned polysilicon1ayer 18 and I nproves transistor perfornmance.

Concurrentiy dd¥criied #c Ghalkénd OloBalBite FOMREEEioRE £8r { RECRaRhAEL!
openings 5 to the substrate. 11 Septenmber 2002 18 Referring to Fig. 7A a

top view ipETiavsliddram Fecaosed BOIVFEM coh 1dyéri tvefbranthdhgapeocess is
simlar to the first enbodi nent, and therefore all the elenents of the
structure electmdided tHoweeer, abt | shélnkd fhe ste Ehbumderstoodf ber thoseshi ng
back the third insulating |ayer 22 (see Fig. 4, first enbodi nent), an

addi t i onalslphickest eigi sthereemkt stlspt (bptusimgrddd 5t loral twapkingrsteps Si 3N4
first insulating |ayer |eaving portions 19 (Fig. 7A) over the patterned

pol ysi | i camnd gyanr implantatiensstkavoth #- cand sHhvehanngheFEFSN4USingt
insulating layer is plasma etched using an etchanig:q)lgas m xture, such as

GH3F and 0°W Ahesthdiesitianthelotat nterrenectionss epr3PeMang ovHF2
d 02, the, 11k dt tch the Si 3N4 jn the first

Zzboqi meﬁt - ﬁfgd r#ﬁ‘%pqc%)r}'é?bleﬁusf% Fﬁ%?ﬁ .‘E)E?e’f%;d 3’5%.@?{:; neg b;/rf)l asma

etching doy t O ddit 43P maifd POk Lde {6 LAdLLESH! 8EM5S) | BYEEutEs,

with improved circuit performance, can be formed therefrom.

Referring first to Fig. 1, a top view of a portion
of a substrate having one type of local interconnection is
shown to better appreciate the invention. Only the key

elements of the invention are depicted to simplify the



.;. Rig. 7B shows a cross section through the region B-B" of Fig. 7A and
Fig: 7C shows a cross section through the region CGC of HlgSepgyembas 2083wn
.in Fig. 7B for the cross section through B-B of Fig. 7A portions of the
metal 32A extend over the Si3N4 layer 19 to formelectrical crossovers for
the | ocal interconnections. At the sanme tinme, and as shown in Fig. 7C
portions of the netal 32B are 11 Septentddr 2002 19 retained in the

recesses 4y ider (i\éiei%hel Ashd 1 £8 SSPEIdi M don HubderHed t£6 Nesvin

pol ysilicon | ayer so, during patterning of the nmetal |ayer, por?ions

32C are usadild dnkde aedesdd | talaidd@ciise tact e AW LEe adfé@ds 014 | heThe
substrate. This novel nethod results in a |ocal interconnect structure that

requi res adpy vaiesw rshawsretlad finEel Sruandré hef efluie isvembidmct uki ng cost
effective, while increasing the electrical conductivity of the underlying
pat t er ned paditesinied @o lygklidgh flayenprdvicakns rithe tFERrdatesatectipdés t he
I nvention has been particularly showmn and described with reference to the
pref err ed Idfoamererithke tdevies areasy |andethmatienedypehvsbl seen| 28 i n
the art that various changes in formand details nay be nade w t hout
depar t i ng ¥t ERAOSH rihe ekt i dg 1hetq Raotidm . pertiong efptheher
2002 20 CLAIMS 1. A nethod for fabricating local netal jinterconnections
with | ow dOR3HctINRTCIRRREEIN gt St irqn Ry ($iP2hr LI¥EL e24cifi cal

Conaot 114 Sk (G4 ISR BR8N 0 8 22T CPROUEL O Byt ot e

' solating devi GG Ava® A SOR A el (I SULLEE $81 581 1188051 LFL8 18.
A metal layer is deposited and patterned to complete the
local interconnections 32A. During the patterning of the
metal layer, portions of the metal 32B are retained in the
recesses 4 over the patterned polysilicon layer 18 to
further reduce the electrical resistance and to improve the
circuit performance, for example, by reducing the RC time
constant. Also shown in Fig. 1 is a metal contact 32C that
is concurrently formed when the metal layer is deposited and

f\ patterned to complete the local interconnections. The cross
section 6A-6A' of the drawings in Fig. 1 is depicted in Fig.
6 for the completed interconnect structure, and Figs. 2

through 6 show the sequence of process steps.

Referring now to Fig. 2, the method of forming
this improved local interconnection structure is described
in detail. Fig. 2 shows a schematic cross-sectional view of

the substrate 10 having a partially completed N-channel FET



.formng a gate oxide on said device areas; depositing a conductively doped
pol ysilicon layer on said substrate; depositing a first i nshISRPFSRPEE3AR on
said polysilicon |ayer; patterning said first insulating | ayer and said

pol ysilicon | ayer using a photoresist nmask and ani stropic plasna etching

| eavi ng portions over said device areas to formsaid gate el ectrodes and
portions of said patterned polysilicon ovelr2 said field oxide isolation

regions fogolAeg! ohnsﬁaceﬂn%ﬁ&' 808st+2EE 8arkhadt | YrHapgdegaytea/ drain
areas adjacent to said gate electrodes by ion inplantation; depositing a

conformal sggeBdatasukatbmpokadeotOyep-Egpé gaﬁgleLeeyeedessam@cehsemhere
on said substrate; anistropically etching back said second insulating |ayer

t hereby fonaviggsadenabb spgseatlograpHevabrsentasaod.gaperekddt ondae;, 11
Sept enber 2Q02 21 form ng sourceddrain contact areas by ion inplantation;
deposi ti ng(BOXhi Ldoilasibat regibay2k bs farmedubet sarepupdl asldi ng back said
third insulating layer to said first insulating |layer to forma pl anar
surface; selectrieh}ylyvemsoilayepbhei sntive davicei preasnddl.at Fay kheer over
said patterned polysilicon |ayer while |eaving essentially unetched said
second andPEEPGSEhPfdthhﬁuPéVﬁﬁElpayetbeaﬁﬁxfg?nﬂﬁgmﬁéée§ asarnwidhd third
i nsul ating | ayer_ over said gatterned polysilicon | ayer; using a photoresist
mask and aﬁthFHBFEréFEhFHﬁ ?SeetEﬁ1€SnY§E%°BﬁeHFﬁBEana§aF8mFﬁP |

I I b d bl I
| ayor and PFAFERGeSaR bR ABRUBEERr ngBoRnERapher cEDELIOW REERFA (i rd
| at I tt d il I , t d
i tary %fﬁ?ﬁf?ﬁgyﬁfvlg%é@#ﬂ B3t Br ofieaB By ek 2Rgn EAEPCERan ot Ena  over
d ' d L ysi Li I
i d Tocal “herspR; pBFErAkecTs AL, FRITRADR KR 2L EAD SRR chBeotR” Cocces

to inprovechbfs ehetyLhehafiPBYEY ¥biYsRbaSpLMrRabhekned RAkY Shbkteatkayer.

surface. The FOX 12 is typically formed to a thickness of

between about 1500 and 4500 Angstroms.

Still referring to Fig. 2, the FETs are now formed
in the active device areas 14 by first thermally oxidizing
the device regions to form a thin gate oxide 16. The

é. preferred thickness of the gate oxide 16 is between about 25
and 200 Angstroms. Next, a conductively doped polysilicon
layer 18 is deposited on the substrate using low-pressure
chemical vapor deposition (LPCVD) using, for example, silane
(SiH4) as the reactant gas. Layer 18 is deposited to a
preferred thickness of between about 150 and 4000 Angstroms.
The polysilicon layer 18 is then doped with a conductive
dopant using ion implantation, for example, by implanting

arsenic ions (As75). Alternatively layer 18 can be doped



11 Septenber 2002 22 2. The nmethod of claim 1, wherein said conductively
doped polysilicon layer is doped with arsenic to a dopanttlcifRtEMPSacPdh” of
-between about 1.0 E 19 and 1.0 E 21 atons/cnB. 3. The nmethod of claim1,
wherein said conductively doped polysilicon |ayer is deposited to a

t hi ckness of between about 150 and 4000 Angstroms. 4. The method of claim
1, wherein said first insulating layer isldilicon nitride and is deposited

to a thickpgsgielh Bg! WReRoARRYhglA0BRRA L3RR . ANGRLT eﬁsmﬁie,Tﬁ%y@&t hed of
claiml1, wherein said second inSulating |layer and said third inSul ating

layer are ghhi gandepedebybaadiagnat kedcebng! da® 4uchhaseirsiakd (iskiSgon
nitride first insulating layer and said third insulating |ayer are silicon
oxi de. 7. 6hepMBbbhdnef(@Hébnmb,twhesemq saird ngodiepols ieeni.ngs are
selectively etched to said substrate using ani sotropic plasma etching and
an et chant Pgasemiabilyr ¢heodppsed cbnrenftradhiome oifapelysdlbiconnmlagerdd 8 and
oxygen. 11 Septenber 2002 23 8. The nethod of claiml1, erein said

uni tary netisl beiyeen abgukult.Ol EydP emdpds®d Eof21a attiomsificoni-t i t ani um nitri de
barrier layer and an upper |ayer of al um nium copper alloy. 9. The nethod

of claim1, wherein said unitary nmetal layer is a nultilayer conposed of a -
titaniumtitaniumnitride barrier |ayer and an upper_|ayer of copper. 10.

The method of clai m §onjferdng with wher Parcesfer 3 iggfodrsydatdng

t hi ck f bet bout 50 d.1000 A t. ~.and id.al i.Ni
s deposi t SBYES 40t RORRASES OF BiAEoR DG OPsdsiand Jaam0 IRROSLLEH: OPl - A

et hod 1 or cRROEHI8E88 bACThy TR 6. "18LeO19GY Hipotiiid BY Gau-ac!
pressure chemical vapor deposition (LPCVD) using dichloro-
silane (8iClyH;) and ammonia (NH3) as the reactﬁnt gases.
The SizNy layer 19 is deposited to a thickness of between
about 1000 and 3500 Angstroms. The first insulating layer
19 and the polysilicon layer 18 are patterned to form gate
electrodes 18A over the device areas 14 and to form portions
of the local interconnections over the field oxide isolation
regions 12, Layers 19 and 18 are patterned using a
photoresist mask and anisotropic plasma etching. The
anisotropic etching is carried out using a high-density
plasma (HDP) etcher. The SigN, layer 19 can be etched using
an etchant gas such as hydrogen bromide (HBr), carbon
tetrafluoride (CFy), trifluoromethane (CHF3), methylfluoride
(CH3F), or carbon hexafluoride (CoFg), and the polysilicon
layer 18 is etched using an etchant gas such as HBr or

chlorine (Cl,).



.electrodes with inproved electrical condiuctivity conprising the steps of:
provi ding a sem conductor substrate; formng field oxidel issptexbeor2008gi ons
.surroundi ng and electrically isolating device areas and coplanar with
surface of siad substrate; form ng a gate oxi de on said device areas; 11
Sept enber 2002 24 depositing a conductively doped polysilicon |ayer on said
substrate; depositing a silicon nitride fl4st insulating | ayer on said

pol ysilicon Iayer; ps&iﬂntage%iﬂgftesﬁignszl,anagth?y_&epaad said

pol ysilicon |ayer using a photoresist nmask and ani stropic plasna etching

| eavi ng pogbhppe/a@¥8insakdagdey7CR™Jr 8eé Forhedmeértdagiheeiteahgodes and
portions of said patterned polysilicon over said field oxide isolation

regi ons foaligned toteheogaeet edbastrddesi bgAl oghthg Neprdnaelr EETdtai n
areasadj acent to said gate electrodes by ion inplantation; depositing a
conformal mitimbreoshdetsehandelnstifattag | 3her ldgbhtlgaddpgdt e el ectrodes
and el esewhere on said substrate; anistropically etching back said second

i nsul ati ngstayee/dhainbgreasnii(Ns) devel foxpadeby dansigphantingf anaNd gate
el ectrodes; form ng source/drain contact areas by ion inplantation;

deposi ti ngt¥Psi APEBAtoR1ER RA|I AESPR3EI ari RBorRPeFuUSNigARd sNB¥trake;
polishing back said third_ insulating |ayer to said _first insulating |layer

|
to forma 6?%5%Fm§ﬁrF%E%?dséP§E}P$ég9 L8¥BYi AQ p8r BrBAS1IERdsai Ha¥RE; @8n

is preferably composed of SiOp, and is deposited, for
example, by LPCVD using a reactant gas such as
tetraethosiloxane (TEOS) or TEOS/ozone. The second
insulating layer 20 is deposited to a preferred thickness of
between about 500 and 2000 Angstroms and is anisotropically
etched back to form sidewall spacers 20 on the sidéwalls of
the gate electrodes 18A. For example, the etchback can be
carried out using a reactive ion etcher (RIE) at low
pressure using an etchant gas such as CHF5; and CF4. Next,

the source/drain contact areas 19(N*) are formed by ion

implantation adjacent to the sidewall spacers 20. The

SR,
ST

source/drain contact areas 19(N') are doped with arsenic to
a concentration sufficient to provide good ohmic contacts,
for example, to a concentration of between about 1.0 E 19

and 1.0 E 21 atoms/cm3.

Referring to Fig. 3, a third insulating layer 22
is deposited on the substrate to a thickness that exceeds

the total thickness of layers 19 and 18. For example, for



«nitride first insulating | ayer over said pattern 11 Septenmber 2002_25
polysilicon | ayer while | eaving essentially unetched sai d 1L etEHERETd24% d
‘third insulating layers and form ng recesses in said third insulating | ayer
to said patterned polysilicon |ayer; using a photoresist mask and

ani stropic etching to etch contact openings in said third insulating | ayer
to said substrate; depositing a bl anket uni?hry netal |ayer and filling

sai d cont ache opleickyesssesl ofii Hayerek$eand nl8acilttadi aldoveasutlaéi ng | ayer over
said patterned polysilicon layer; patterning said unitary netal |ayer

| eavi ng pothicksesyeof sthel thitdcinspbatimg baveov22 woulddmne agti hgast
portions of said patterned polysilicon |ayer to conplete said |ocal netal

i nt er connegxeaker vikhare BQOQ| Megskbiemsret alayer saf dig epeetexablyi nprove the
el ectrical conduct|V|t of said patterned polysilicon layer. 12. The nethod
of claim 199%%?@ ti%)) c@%u}:%u%wysza%&dbqbo!u%‘@u%hng age¥eagtanped
wWith arsenic to qh ant concentration of befween about 0 E 19 and 1.0 E
21 atons/ cHBS 4 TEP oo oFEQP Ap7PN4 wﬁ%?%?ﬂaEéYﬂl¥onH%%tFbéF? doped

ponS|I|con I OSI d to.a thickne bet ween_ about 150 and 4000
Angst r ons. sqg?éiﬁﬁe 2% Hﬂ-aT%%pﬁétﬂb LGP0 PRIHe 1 15U e?ﬁln sai d

bet voon ARG é@%o%fé\%%‘? (ot SRRt 1 FoaPa 4988 Lhercin

sai d secongB 64 lating and said thlrd i nsul ating | ayers conposed of silicon
oxi de are ep05|ted by | ow pressure chem cal vapor deposition. 16. The

met hod of claim 11, wherein said silicon nitride first insulating |ayer is
sel ectively renoved using a hot phosphoric acid etch. 17. The method of

claim 11, wherein sa&@f@@ﬂ@tt@mng& aEEeSﬂhfﬁ&'i/ﬁiu‘ﬂ&‘éfﬂédlé?eﬁaizﬁ

substrate using anistropic asma etchlng and an etchant gas m xture

conposed cﬁst¢hémimulnvnmﬁwman£@§bnﬁ PONDIhE®, (Cp) oyERNto the first
insulating layer (SigNy) 19 to form a planar surface. The
polish-back also exposes the top surface of the SiN, layer
19. The CMP is carried out using an appropriate polishing

slurry as commonly practiced in the industry.

Referring to Fig. 5, by the method of this
invention, the Si3N4 first insulating layer 19 is
selectively removed over the patterned polysilicon layer 18.
Removing the SigN4 19 results in recesses 4 in the third
insulating layer 22. The recesses 4 are aligned over the
patterned polysilicon layer 18. Preferably the SigNy is
removed by etching in a hot phosphoric acid solution at a
temperature of about 160°C, while leaving the second and the
third insulating layers 20 and 22, composed of Si0,,

essentially unetched.



. 18. The met hod of claim1l, wherein said unitar~r netal layer is

mul til ayer conposed of a titaniumtitaniumnitride barrier Fhf@wtaﬂwraﬂxm
.upper | ayer of al um niuncopper all oy. 11 Septenmber 2002 27 19. The net hod
of claim1ll, wherein said unitary netal layer is a nultilayer conposed of a
titaniumtitaniumnitride barrier |ayer and an upper |ayer of copper. 20.
The nmethod of claim 18, wherein said barris |layer is deposited to a

t hi ckness of between about 50 and 1000 Angstrons, and said al um ni um copper
is deposited t o a thickness of between about |500 and 8000 Angstrons. 21.
A nethod for fabricastinl | vefdraiql to NF by cohpecdn bast wwpénings cbnaaet

resi stance and gate el ectrodes with inproved electrical conductivity

conpri si netdieedtopstid : thiodi syl at Segi bayetc2artgubker substirakai #g fiel d
oxi de isolation rﬁgugns surroundi ng and electrically |solat|n§ devi ce areas
and copl ark$ing t& toresbst saask sapdtanigotrephe ngtahymge okXh8e on said
devi ce areas; depositing a conductively doped, polysilicon |ayer on said
substrate; CQR%ﬁEﬁt?P@P%PQ?r%tc?%s%?a?F%@eﬁaH%%n%nas%Pﬁ pbFYer| PREn3Payer ;
patterning s id first insulatin

and sa iljcop |ayer, using a
phot or esi s&t td%ﬁ?eﬁ#@ﬁr?ﬁﬁ%gilg%ﬁaS%QZh?ﬂ e?EéV%i% Bﬁerﬁné g%@Pnsald
11 Septenber 2002 28 &eV| e_areas # ﬁgnhggte el ectro. ges and. rtlgns of
sai d paIteﬁ Eﬁﬁ?s} 1 cor”oveFatRr 9 f 1P I SBP & Foﬁafﬁb
I ocal '”teﬁé“HH“%ﬁ'é¥Ehant gas such as CHF3, carbon monoxide (CO), and

I oxygen (Op). Alternatively, other etchant gases in various

combinations, such as C4Fg, CHyF,, CyFg, and CF4, can be

used.

Referring to Fig. 6, a barrier/adhesion layer 30
and a high electrical conducting metal layer 32 are
deposited consecutively. The barrier layer 30 is deposited
to a thickness sufficient to prevent reaction of the metal
layer 32 with the silicon substrate 10, thereby preventing

p degradation of the shallow diffused junctions 19(N*) in the
contact openings 5. Layer 30 also improves the adhesion
properties for bonding of the highly conducting metal layer
32 to the underlying oxide structure. One type of barrier
layer is a titanium/titanium nitride (Ti/TiN). For example,
the Ti can be deposited by sputter deposition from a Ti
target while the TiN can be formed by introducing nitrogen
during the sputter deposition. Typically the barrier layer

30 is deposited to a thickness of between about 50 and 1000



~formng lightly doped source/drain areas adjacent to said gate el ectrodes
by i‘on inplantation; depositing a confornmal second i nsl} &epterbery02over
.said gate el ectrodes and el sewhere on said substrate; anistropically
etching back said second insulating | ayer thereby form ng sidewall spacers
on sidewal | s of said gate electrodes; formng a third insulating |ayer on
sai d substrate; polishing back said thirdjinsulating | ayer to said first

i nsul at i nguigaafonis. f Alerty, A Aiadth VIS calSiynEatiiatian) SletES Kl dywer
selectively renmove portions of said first insulating | ayer over said

pat t er ned 3liksidapsi tead efo Wedurd et redl eastaeindd 18l tes igtedrodee carsdai €b second
and said third insulating |layers and formng recesses in said third

i nsul at i nginipeosre duEAN Ssics b p rexfoyamhped ysillayson 3yies ;depasited ptwtar esi st
mask and ani stropic stching to etch contact openings in said third

i nsul at i nghipkaresss sl signt ta £111 thesgmesares HEnPchRpntaely a

bl anket unitary netal layer and filling said contact openings and said

recesses (GPIHINES B P9 kI EREH PN BaFerial b iRE R SFHSTRGR yMPFeon
cont act oA TS Akt tov i, e (BT B (ARRPRA LAk P by e s
Poayi ng. oa BRfigen Aty dRE s R Afdratn. e B metal ARRE L vi ty
of said paff e%(#ﬁ%d?%ﬁﬁe.e%%é BIE a1 f%b{]}l@?rc&oc{\{ért?ig-gg Pasd fhpat terned

nmetal |ayer e I Tremnaining sal i“con ni l"ayer 18 form

crossover i dg#g i n i 2 ttg%? claim 21,
wher ei n sZﬁJﬂ(ﬁuﬁg}tﬂl Ve fl'dg{)cgf& pdl ;e#s:lH@E?)ﬁn’l ylea-rraﬁls"mg’ope ‘\F/)\nélfh arsenic to
a dopant qRNCRHihat,] ¥t dhdativgen about 1.0 E 19 and 1.0 E 21 atons/cn8.
23. The nmethod of claim 21, wherein said conductively doped polysilicon

| ayer is deposited to a thickness of between about 150 and 4000 Angstrons.
24. The nmethod of claim 21, wherein said first insulating layer is silicon
nitride and is depostidd Figa t6) airesretefl DeiywmeBAhiitpaid@dwedl 3500
Angstrons.

using a photoresist mask and anisotropic plasma etching to

form the local metal interconnections 32A. For example, the

metal can be patterned using HDP etching and an appropriate

etchant gas mixture, depending on the composition of the

metal layer 32. The metal layer 32 is etched down to the

top surface of the third insulating layer 22 leaving

o
- £

portions of the metal 32B in the recesses 4 over the
polysilicon layer 18A that forms the gate electrode, and
elsewhere over the patterned polysilicon layer 18, as
depicted in the top view in Fig. 1. This results in
improved the electrical conductivity of the patterned
polysilicon layer 18 and improves transistor performance.
Concurrently the metal layer 32 forms metal contacts 32C in

the contact openings 5 to the substrate,



<11 Septenber 2002 30 25. The nethod of claim 21, wherein said second

insul ating layer and said third insulating |ayer are silicoh §2pPérebep@002he
‘met hod of claim 24, wherein said silicon nitride first insulating |layer is
sel ectively renoved using a hot phosphoric acid etch. 27. The method of
claim 21, wherein said contact openings are selectively etched to said
substrate using anistropic plasm etchiq_ and an etchant gas m xture
conposed of trifluoronethane, carbon nonoxi de, and oxygen. 28. The nethod
of claim2l, wherein said unitary netal layer is a nultilayer conposed of a

titaniunftitani um ni ReifderBag’ iker Fligyeragnd 2BpURARK lidy8ho¥n for a
al um ni uncopper alloy. 29. The nethod of claim?21, wherein said unitary

netal | ayegecdnd embodiagar oFmbdiediaventtiohani Thel prades® it Eitd lkarrier
| ayer and an upper |ayer of copper. 30. The nethod of claim 28, wherein

sai d barri ep tagefirstdembodiedntq anthithlereforef aldt when edlements0 ofnd 1000
Angstrons, and said al um ni um copper is deposited "' 11 eeptenmher 2002
31 t o a t kheksésucturiectweed abeded the0sameé 880GnAndet fdmst 31. A | ocal
metal interconnect structure with | ow contact resistance and FET gate

el ect r odes embodimgptovedfgeacpoildshingnback Lhey thdmdr iinsglating layer

sem conductor substrate; field oxide isolation r%%:qns sur.roundi ng and

el ectrical Py i(86eafifg deviEd&sir eabodinendil ansr afidift ionalaphogpregist
substrate; a gate oxide on,sai evi ce areas; ) .

mask step (not shown QS used to pattern the Si;N, first
insulating layer leaving portions 19 (Fig. 7A) over the
patterned polysilicon layer 18 to serve as electrical
crossovers. The SigNy first insulating layer is plasma

etched using an etchant gas mixture, such as CH3F and O,.
Alternatively other gas mixtures, such as CHF5 and N, CHyF,

and 09, and the like, can be used to etch the Si3N4.

As in the first embodiment, the metal layer 32 is
then deposited and patterned by plasma etching down to the

top surface of the third insulating layer 22.

Fig. 7B shows a cross section through the region
B-B' of Fig. 7A, and Fig. 7C shows a cross section through
the region C-C' of Fig. 7A. As shown in Fig. 7B for the
cross section through B-B' of Fig. 7A, portions of the metal
32A extend over the SigN, layer 19 to form electrical
crossovers for the local interconnections. At the same

time, and as shown in Fig. 7C, portions of the metal 32B are



.a patterned conductively doped polysilicon |ayer on said substrate for said
FET ‘gate el ectrodes and portions of said |ocal interconnectrBifRPenfOPRi n
.said FET gate el ectrodes have |lightly doped source/drain areas adjacent to
said gate el ectrodes and source/drain contact areas; an insulating |ayer
havi ng a pl anar surface on said patterned polysilicon |layer and said

i nsul ati ng | ayer having self-aligned receéges over said patterned

polysilicope{dygéa ARdR& f'eéé?%%é‘t& Ngo! ﬁi{ﬁﬁfo@é‘v' RE EPBERELcOPENI NgS tO

said substrate; a patterned ne unitary Tayer having portions over and in
sai d cont agdn QRERL POEy 30fl ONEp@PEletNedapE1YELEEEER iQYéHDIQYe ibso,

el ectrical conductivity of said patterned polysilicon layer, and said
patterned dauwingypattéininyesf atls® meddl SeatenpeporPOan8232Gt &ndi ugeaver
said insulating layer to conplete said |ocal netal interconnections. 32.
The structto emake céheatBicalherrtactsi tor tbesdevibavaregastonnthef silicon
nitride over said patterned polysilicon |ayer for providing electrical
crossover sstibstratel. patterned netal |layer. 33. The structure of claim 31,
wherein said conductively doped polysilicon |ayer is doped with arsenic to
a dopant concentration of between about 1.0 E 19 and 1.0 E 21 atons/cn8B,
and has a thickness of between about 150 and 4000 Angstrons. 34. The
structure of clai m 3fhieeeeh method nsesultaginagetoral sintespopnegt
deposited by | ow pressure chem cal vapor deposition._ 35. The_structure of

3
claim 31, HeFRr e aFabat eFRHERS UPRLEr § Fihgle| moERl| La¥ehpdéedaBt a

o 5l uny o SAPESEHES “Lf | HpRbE AL | SpS BPEALEL VTS AP ARB S,

. ARSI 'A6|the electrical conductivity of the underlying patterned

polysilicon layer 18 for improved circuit performance.

While the invention 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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CLAIMS
1. A method for fabricating local metal inter-
connections with low contact resistance and gate
electrodes with improved electrical conductivity
comprising the steps of:
providing a semiconductor substrate;
forming field oxide isolation regions surrounding
and electrically isolating device areas and coplanar
with surface of said substrate;
forming a gate oxide on said device areas;
depositing a conductively doped polysilicon layer on
said substrate;
depositing a first insulating layer on said
polysilicon layer;
patterning said first insulating layer and said
polysilicon layer wusing a photoresist mask and
anistropic plasma etching leaving portions over said
device areas to form said gate electrodes and portions
of said patterned polysilicon over said field oxide
isolation regions for local interconnections;
forming lightly doped source/drain areas adjacent to
said gate electrodes by ion implantation;
depositing a conformal second insulating layer over
said gate electrodes and elsewhere on said substrate;
anistropically etching back said second insulating
layer thereby forming sidewall spacers on sidewalls of

sald gate electrodes;
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doped polysilicon layer is doped with arsenic to a
dopant concentration of between about 1.0 E 19 and

1.0 E 21 atoms/cm’.

3. The method of claim 1, wherein said conductively
doped polysilicon layer is deposited to a thickness of

between about 150 and 4000 Angstroms.

4, The method of c¢laim 1, wherein said first
insulating layer is silicon nitride and is deposited to

a thickness of between about 1000 and 3500 Angstroms.

5. The wethod o©f c¢laim 1, wherein said second

insulating layer and said third insulating layer are

silicon oxide.

6. The method of claim 4, wherein said silicon nitride
first insulating layer and said third insulating layer

are silicon oxide.

7. The method of c¢laim 1, wherein said contact
openings are selectively etched to said substrate using
anisotropic plasma etching and an etchant gas mixture
composed of trifluoromethane, carbon monoxide, and

oxygen.
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8. The method of claim 1, wherein said unitary metal
layer is a multilayer composed of a titanium/titanium
nitride barrier layer and an upper layer of aluminium-

copper alloy.

9. The method of claim 1, wherein said unitary metal
layer is a multilayer composed of a titanium/titanium

nitride barrier layer and an upper layer of copper.

10. The method of claim 8, wherein said barrier layer is
deposited to a thickness of between about 50 and

1000 Angstroms, and said aluminium-copper is deposited
to a thickness of between about 1500 and 8000

Angstroms.

11. A method for fabricating 1local metal inter-
connections with 1low contact resistance and gate
electrodes with improved electrical condiuctivity
comprising the steps of:

providing a semiconductor substrate;

forming field oxide isolation regions surrounding
and electrically isolating device areas and coplanar
with surface of siad substrate;

forming a gate oxide on said device areas;
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& ()-8:t:u:v:w :\<depe@dting a conductively doped polysilicon layer on
said substrate;
depositing a silicon nitride first insulating layer
on said polysilicon layer;
patterning said first insulating layer and said
polysilicon layer using a photoresist mask and
anistropic plasma etching leaving portions over said
device areas to form said gate electrodes and portions
of said patterned polysilicon over said field oxide
isolation regions for local interconnections;
forming lightly doped source/drain areasadjacent to
said gate electrodes by ion implantation;
depositing a conformal silicon oxide second
insulating layer over said gate electrodes and
elesewhere on said substrate;
anistropically etching back said second insulating
layer thereby forming sidewall spacers on sidewalls of
sald gate electrodes;
forming source/drain contact areas by ion
implantation;
depositing a silicon oxide third insulating layer on
said substrate;
polishing back said third insulating layer to said
first insulating layer to form a planar surface;

selectively removing portions of said silicon

nitride first insulating layer over said pattern
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polysilicon layer while 1leaving essentially unetched

said second and said third insulating 1layers and
forming recesses in said third insulating layer to
said patterned polysilicon layer;

using a photoresist mask and anistropic etching to
etch contact openings in said third insulating layer to
said substrate;

deposgiting a blanket unitary metal layer and filling
said contact openings and said recesses in said third
insulating layer over said patterned polysilicon layer;

patterning said unitary metal layer leaving portions
over gaid contact openings and over and contacting
portions of said patterned polysilicon layer to complete
said local metal interconnections while leaving said
metal in said recesses to improve the electrical

conductivity of saia patterned polysilicon layer.

12. The method of claim 11, wherein said conductively
doped polysilicon layer is doped with arsenic to a
dopant concentration of between about 1.0 E 19 and

1.0 E 21 atoms/cm’.

13. The method of claim 11, wherein said conductively
doped polysilicon layer is deposited to a thickness of

between about 150 and 4000 Angstroms.
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14. The method of c¢laim 11, wherein said silicon

nitride first insulating layer is deposited to a

thickness of between about 1000 and 3500 Angstroms.

15. The method of c¢laim 11, wherein said second
insulating and said third insulating layers composed of
gilicon oxide are deposited by low-pressure chemical

vapor deposition.

16. The method of c¢laim 11, wherein said silicon
nitride first insulating layer is selectively removed

using a hot phosphoric acid etch.

17. The method of claim 11, wherein said contact
openings are selectively etched to said substrate using
anistropic plasma etching and an etchant gas mixture
composed of trifluoromethane, carbon monoxide, and

oxygen.

18. The method of claim 11, wherein said unitary metal
layer is a multilayer composed of a titanium/titanium
nitride barrier layer and an upper layer of aluminium-

copper alloy.
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19. The method of claim 11, wherein said unitary metal
layer is a multilayer composed of a titanium/titanium

nitride barrier layer and an upper layer of copper.

20. The method of claim 18, wherein said barrier layer
is deposited to a thickness of between about 50 and
1000 Angstroms, and said aluminium-copper is deposited
to a thickness of between about 1500 and 8000

Angstroms.

21. A method for fabricating 1local metal inter-
connections with low contact resistance and gate
electrodes with improved electrical conductivity
comprising the steps of:

providing a semiconductor substrate;

forming field oxide isolation regions surrounding
and electrically iscolating device areas and coplanar
with surface of said substrate;

forming a gate oxide on said device areas;

depositing a conductively doped polysilicon layer on
said substrate;

depositing a first insulating layer on said
polysilicon layer;

patterning said first insulating layer and said
polysilicon layer wusing a photoresist mask and

anistropic plasma etching leaving portions over said
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device areas to form gate electrodes and portions
of said patterned polysilicon over said field oxide
isolation regions for local interconnections;
forming lightly doped source/drain areas adjacent to
said gate electrodes by ion implantation;
depositing a conformal second insulating layer over
said gate electrodes and elsewhere on said substrate;
anistropically etching back said second insulating
layer thereby forming sidewall spacers on sidewalls of
said gate electrodes;
forming a third insulating layer on said
substrate;
polishing back said third insulating layer to said
first insulating layer to form a planar surface;
using photoresist mask to selectively remove
portions of said first insulating layer over said
patterned polysilicon layer while leaving essentially
unetched said second and said third insulating layers
and forming recesses in said third insulating layer
over said patterned polysilicon layer;
using a photoresist mask and anistropic stching to

etch contact openings in said third insulating layer to

said substrate;
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insulating layer over said patterned polysilicon layer;
patterning said unitary metal layer leaving portions
over said contact openings and over and contacting
portions of said patterned polysilicon layer to complete
said 1local metal interconnections while leaving said
metal in said recesses to improve the electrical
conductivity of said patterned polysilicon layer, and
further portions of said patterned metal layer extending

over remaining said silicon nitride layer to form

crossovers for said local interconnections.

22. The method of claim 21, wherein said conductively
doped polysilicon 1layer is doped with arsenic to a
dopant concentration of between about 1.0 E 19 and

1.0 E 21 atoms/cm’.

23. The method of claim 21, wherein said conductively
doped polysilicon layer is deposited to a thickness of

between about 150 and 4000 Angstroms.

24, The method of claim 21, wherein said first
insulating layer is silicon nitride and is deposited to

a thickness of between about 1000 and 3500 Angstroms.
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25. The method of c¢laim 21, wherein said second

insulating layer and said third insulating layer are

silicon oxide.

26. The method of c¢laim 24, wherein said silicon
nitride first insulating layer is selectively removed

using a hot phosphoric acid etch.

27. The method of c¢laim 21, wherein said contact
openings are selectively etched to said substrate using

anistropic plasma etching and an etchant gas wmixture

composed of trifluoromethane, carbon monoxide, and
oxygen.
28. The method of claim 21, wherein said unitary metal

layer is a multilayer composed of a titanium/titanium
nitride barrier layer and an upper layer of aluminium-

copper alloy.

29. The method of claim 21, wherein said unitary metal
layer is a multilayer composed of a titanium/titanium

nitride barrier layer and an upper layer of copper.

30. The method of claim 28, wherein said barrier layer
is deposited to a thickness of between about 50 and

1000 Angstroms, and said aluminium-copper is deposited
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31. A local metal interconnect structure with low
contact resistance and FET gate electrodes with
improved electrical conductivity comprised of:

a semiconductor substrate;

field oxide isolation regions surrounding and
electrically isolating device areas and coplanar with
gsurface of said substrate;

a gate oxide on said device areas;

a patterned conductively doped polysilicon layer on
said substrate for said FET gate electrodes and
portions of said local interconnections, wherein said
FET gate electrodes have lightly doped source/drain
areas adjacent to said gate electrodes and source/drain
contact areas;

an insulating layer having a planar surface on said
patterned polysilicon layer and said insulating layer
having self-aligned recesses over said patterned
polysilicon layer, and said insulating 1layer having
contact openings to said substrate;

a patterned metal unitary layer having portions over
and in said contact openings and over and in said
recesses to improve the electrical conductivity of said

patterned polysilicon layer, and said patterned unitary

metal layer also
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extending over said insulating layer to complete said

local metal interconnections.

32. The structure of claim 31, wherein said recesses
have portions of silicon nitride over said patterned

polysilicon layer for providing electrical crossovers

for said patterned metal layer.

33. The structure of claim 31, wherein said
conductively doped polysilicon layer is doped with
arsenic to a dopant concentration of between about

1.0 E 19 and 1.0 E 21 atomg/cm3, and has a thickness of

between about 150 and 4000 Angstroms.

34. The structure of claim 31, wherein said insulating
layer is silicon oxide deposited by low-pressure

chemical vapor deposition.

35. The structure of claim 31, wherein said patterned
unitary metal layer is composed of a multilayer of a
titanium/titanium nitride barrier layer and an upper

layer of aluminium-copper alloy.



