cuve3e ah ~$. 6ThCJ(p. NOVEL TECHNI QUE TO ACHI EVE THI CK SI LI CI DE FI LM FOR |

ULTRA- SHALLOW JUNCTI ONS BACKGROUND OF THE | NVENTION This is a :
Continuation-in-Part application of CS-00-018, serial nunber 09/ 774, 4|7,
filed on 02/01/2001, assigned to a common assignee. (lI) Field of the

| nvention The invention generally relates to an interconnection process
used in sem conductor manufacturing and, nore particularly, to a nethod of
forming thick silicide filns over ultra-shallow junctions in the

fabrication of integrated circuits. (ééIDescriEtion of Prior Art Silicide

i nt er connect i on ANGYEREEGINIQREPACHIEYE JHICK BYIGIDESILYput t ering a
nmetal such as titanium (Ti) over the surface of a conpleted structure.
These structures are typiFeR VL TBArPA4EHOdY JUNEFAIONSI i con or silicon oxides
or netal nitrides. Wen heated the netals over the doped. silicon react with
the silicon to form conductive conpounds known as silicides, (TiSi2 for
exanpl e). Because of this reaction, the doped silicon under the deposited
metal is consunmed at a r ®ACKREROVNDBIFETYE IMVERTIOR t hi ckness of the
titanium |l ayer. Metal over the silicon oxide or netal nitride areas remains
unchanged and is easily removed using wet etching techniques. This | eaves
conductive lines and contacts in the silicide. In sub-quarter-m cron MOSFET

ar chi t ect ur es ppjdlq 51@oﬂ@xﬁﬁﬁ&?—f#ﬁ@ﬁbﬁf@ﬂpﬁ@%—bg%’lségr%g i[hﬁx%bgrnd drain (S/D)

regions. Utra-shallow junctions e aval’ icon for

consunpti t f thickpness of silicide filmnust be reduced.
Thi nner é?ﬁ?%?gés %gééa?ﬁgEQﬁégﬁﬁgﬁg(b%gn%mo?ﬁ%FQQEed sheet resistance,

filmdiscontinuity, contact gouging at non-silicided |ocations, and high
contact and parasitic resistances. For thin silicide films, C54 phase Ti Siz
is preferred due to its high electrical conductivity. Triple-grain

boundari é¥ hagéﬁ$°ﬁ%ﬁﬁ“ﬁpﬁﬁbr energy state and pronote C54 grain formation.
Pre- anorphi zation inplants (PAl) are often used to enhance C54 grain
formation. This, however, results in undesirable effects such as

i npl antation i nduced damage (e.g. transient enhanced diffusion in boron and
junction | eakdyejnvehtidnngeders by relatenuiotay isadoment omproogseiutad.in For  t hi ck
silicide filnms, C54 phase Ti Siz need not nucleate at triple-grain

boundar i esmbndiétbr plaasfactliiby and) hetire par(ibyl & Q g€ B neddd Y EdrediEthak the grain
boundaries), so the PAl is not required. O her approaches for inproving the
si i ci de siticiile @Sk Bger@tSihallblv unclBhLMtth SrBAd: R B Infededtbht LiRAGREs a met hod
that uses two gate sidewall spacers. The first spacer is higher than the
second and acts as barrier to elimnate shorts between the source/drain and
gate. U. S. Patent 6,020,242 to Tsai et al. teaches a nmethod where sel ected
devi ces d ci it bl ocked fromthe silicide process. U S

Pat ent 5%@23,g%%”’%°@h§%§¥ggghes a nmethod i ncorporating an unbrella-1ike
second spacer that prevents netal from being sputtered under the spacer,

t hereby elimnating shorts. U S. Patent 5,780,348 to Lin et al. teaches a
met hod of for ﬁg%&parasitic cers to reduce. electrostatic_discharge

S ) L€l .
(ESD) probl e S?te’ﬁa?‘é@ﬁ{m%g qunag-on ipigeiaied fievitsdty st sppBerigesmetalet hod of

form ng such as titanium (Ti) over the surface of a completed structure. These structures are
typically composed of cfoped silicon or silicon oxides or metal nitrides. When heated the
metals over the doped silicon react with the silicon to form conductive compounds known
as silicides, (TiSi; for example). Because of this reaction, the doped silicon under the
deposited metal is consumed at a rate approximately twice the thickness of the titanium

layer. Metal over the silicon oxide or metal nitride areas remains unchanged and is easily



variable w dth sidewal |l spacers. SUMVARY OF THE | NVENTI ON A pri nci pal

obj ect of the present invention is to provide a nethod that allows the
formati on of thicker silicide interconnections while consumng | ess of the
underlying silicon. Another object of the present invention is to provide a
met hod that allows the formation of thicker silicide interconnections over
shal  ow junctions wi thout conprom sing the functionality of the shall ow
junctions. Another object of the present invention is to provide a nethod
that is self aligning that facilitates the formation of thicker silicide

i nt er conm@revednising vt clshiak teshniguese tThimisawss corsluctivdings end eintagtstihghe
functi.onality of the shallow junctions. Another object of the present

i nvent i onilicglet dnpnipyiatranioen MASEFRRtrchsecwkd, itab nemessagy tohia¢ uliraci | i t at es t he
formati on of thicker silicide interconnections over shallow junctions

W t hout chdlfoodtugdengd tfegn {S/RNRiloanallliry-sinflloivianaivab ligw theneilbslas and
mnimzes the | eakage between the S/ D and gate. These objects are

achi eved sUbR raoRugpess alBeRIdrb ehedRlcREE bEGHMASH I AR HeTtN@e® gat e
dielectric covered by a gate electrode, is fornmed by conventi onal

t echni quq%lmﬁepmadés%%& ﬁétd‘?sad@aﬁllte%’é’é gﬁ‘ﬁ&%{seh QR REL O £l dps%ﬁtﬂ{ugg,get o form

ultra-shallow LDD regions 1n the substrate not protected by the

structur firs el f { I il ) i de, for
excapl o, kgl he SRS GRIRRG S P and flobRSha B KRy P esbieRL S et onal
met hods. _This. be | 1.0 by a gsecqnd inplantatian.form t he source
Tndar ai o eniofRRRE. o2 pgfiseds Bl ate l TR fhoiry. S tEih i o <

t hen dep3§jg§d over the surface of the gate strycture. A second sidewal |
spacer cOMBFsEAINHOUPIATIEH PEYA 1PHEH highqr epegpy stegrand peaitie CS1 &ryr med al ong t he
sidewal k of the gate structure covering the netal over the first sidewall

- spacer. AprmatiensBreeamporppizatipndmateats (PAYere plery wedigenbanesGidgereine netal over
-isolation regions. A layer of polysilicon is then deposited over the _
surface dérmadtiengadhie, lstwevet, taselts ia undgrindbie leffesta bucham saplantgti¢rRRd)ceds per f or med
whi ch causes the netal to react with both the silicon in the junction bel ow
t he net aldamage telye trodigns ehhadosl diffosien interoredml judciomlsagage) fldimal silici de
(Ti Si Z when using titaniumnetal). Metal along the sidewal k between the
first andisesgnsyshdevwalhifGRagers: and sdiele ke, ¢§@;}L}@hé Di%if @il ags does not
react and remai ns unchanged. The polysilicon that has not reacted with the

met al i s fyBiefte 6t CPRIgANAYunddMes of 649 MlAOWRA, B¥int BIYAYRen Ofn hiltfeaiefond spacer
and the unreacted ne%al | eavi ng conductive 1T nes and device contacts. By

_Iorovidi.ng},u_a%,a qﬂ%h&ﬂﬂ@iSéﬁﬁﬁgﬁig&“ﬁét%ggﬁ in the polysilicon | ayer above

t he net al icker sifTicide Is ac

Other approaches for improving the silicide processing exist. U.S. Patent
5,824,588 to Liu teaches a method that uses tWo gate sidewall spacers. The first spacer is
higher than the second and acts as barrier to eliminate shorts between the source/drain
and gate. U.S, Patent 6,020,242 to Tsai et al. teaches a method where selected devices
and circuit areas are blocked from the silicide process. U.S. Patent 5,923,986 to Shen
teaches a method incorporating an umbrella-like second spacer fhat prevents metal from

“being sputtered under the spacer, thereby eliminating shorts. U.S. Patent 5,780,348 to

Lin et al. teaches a method of forming parasitic spacers to reduce electrostatic discharge



BRI EF DESCRI PTI ON OF THE DRAW NGS I n the acconpanying drawings form ng a
material part. of this description, there is showm: Fig. 1 through Fig. | 1
schematically illustrating in cross-sectional representation a preferred
enbodi ment of the present invention. DESCRI PTI ON OF THE PREFERRED

EMBODI MENTS The preferred enbodi nent describes formation of thicker
silicide on the contacts of a MOS transistor. It will be understood by
those skilled in the art that the invention can be extended to the
formation_of thicker _silicide on any structure on a sem conductor wafer.
Ref er r i ndENBWIRBlemsp & ¥-iFatents £§2.¢'6 i Gardner el faachpss mpthod ohEumins e
structure is represented. A substrate 10 is provided. Isolation features
such as fitide widthisidewa)l epasers.1 are formed in the substrate to separate
active areas fromone another. The substrate 10 may contain n or p type

wel |'s, devices, junctions, and other features (not shown) fornmed prior to
deposition and patterning of the gate dielectric 12 and conductive gate 14.
The gate dielectric 12 naySCOMPARSOPTHEEANVENEON a |ist containing
silicon oxide, tantalum pentoxide, titaniumoxide, silicon nitride, or
nitrided oxides and so on. The conductive gate 14 may conprise one or nore
of alist containing silicon, polysilicon, tungsten or tungsten silicide

(Wi x) and SOA‘;@in&fpglh-ﬁW?&%ﬂlﬁ r IR iRk Ao LARAASTANANG A Movdshfe || ONL LY

~doped source a LDD) regions 18 in the substrate 10 not protected

pet woen - anmrea0h ke RGN idlon SRR ol pmit o, 0704

usi ng the.I ate structure 12/14 as a nask. Referring nowto Fig. 2 and Fig.
3, one metH8% for fornmng a sidewall spacer along the gate structure 12/14
is described. Referring nore particularly to Fig. 2, a layer of spacer
material 16 is conformally deposited overlying the surface of the device to
a thickness of between about 800 to 1500 Angstroms. The spacer material | 6
i s composed ofAngHer ebjesiof Ehegesgnt invantien ik taipFvidy asinpthed Habadiaes thaEOS oxi de,
nitrides or oxynitrides deposited by | ow pressure chem cal vapor deposition
(LPCVD), fpinzation oéthindecsticidybi¢reE@eEions aversbyhaer juoctpme sghoet CVD ( APCVD)

sub- at nospheric pressure CVD (SACVD), or high density plasnma CVD ( HDPCVD),

f or exangbeprohiiging dacfanctivatiéry iofithe khalicsv mnctsakr opi cal |y etched by dry
etching using CHF3/ CaFB/ OZ chem stry, for exanple, |eaving sidewall spacers
16 as shown in Fig. 3. Endpoint is reached when the underlying structures

i ncludi ng substrate 10, gate structure 12/ 14 and LDD region 18 are exposed

to etchants. BRlaff bBBctRe e RehGnvéhtioR id 18 WV St BPLANEALIFAN AiRPt shown)
forms the source and"drain (S/D) region 19. The inplantation is again self

al i gned i .t £ F .1 i . . a mask
The dept tartibpEs € bl fieraligd, AREeah BB by AR RS ot o
Referring .now to Fig..bh, . a.netal ..l a 0,,conpri.sed of one or nore froma
st contuMth e Sk in BRER TN The RASEMLER ¢ 1 o depost ¢ ed
overlying the surface of the device by sputtering to a thickness of between
about 100 to 500 Angstrons. Referring nowto Fig. 6 and Fig. 7, the
formati on of the second sidewall spacers is shown. As shown in Fig. 6,
second spacer Angihsr obigctof sguRgnioRveRien &y topspvadet mgthpd dhat issakfaliming
titaniumnitride (TiN), silicon nitride (Si3N4), silicon dioxide (S Qz),
TEOS oxi dhat farilitatesthe formagiey of thidkdesili¢ide htgsomintdibnovesr shilbovsunétinme of t he
device by APCVD, LPCVD or PECVD to a thickness of between about 200 to |-000
Angst r ormsvithhuhesikpr@@ising the fumedoralier ofttheshal o dtrictony aginoininizdshtlee second

spacer layer 22 is then etched to expose the netal |ayer 20 over the gate
st ruct ur gezkdéd Betwddhl the BOY 8] @itsecond set of sidewal | spacers 22 forned by

t he second spacer |ayer 22 along the sidewal k of the gate structure 12/ 14
overlying the nmetal |ayer 20 and al so | eaves a portion of the spacer |ayer
22 overlying the netal |ayer 20 over the isolation regions 11 as shown in
Fig. 7. Only one etching step is required to protect both the sidewalls of
the gate and the isolation regions. Referring nowto Fig. 8, a polysilicon
| ayer 24 is deposited by | ow pressure chem cal vapor deposition (LPCVD),

pl asma enhanced chem cal vapor deposition (PECVD) or other CVD technigques
overlying the surface of the device to a thickness of between about 300 to
900 Angstrons. This is followed by a mapid thermal annealing (RTA) between
400 and 900C (dependi ng upon the netal used) while being purged in an inert
gas such as nitrogen, for exanple, at a rate of between about 3 and 10 scan
for between 15 to 60 seconds. Werever the nmetal |ayer 20 contacts
silicon in the conductive gate 14, the S/D regions 18 and the polysilicon

| ayer 24, a reaction occurs and a silicide region 26 is forned as shown in

Al 2 a o . L o I 1




used to facilitate salicidation; however, furnace annealing is not
recommended. The silicide reduces the contact resistance to the silicon.
During the silicidation, some of the silicon is consuned, thereby thinning
t he conductive gate 14, the LDD region 18, the S/D region 19 and the
polysilicon |ayer 24. The resulting silicide region 26 has a thickness of
bet ween about 300 to 700 Angstrons. The presence of the second spacers 22

_ between the netal |ayer 20 and the polysilicon |ayer 24 prevents

sal i ci dation %j t he polysilicon layer 24 in contact with the second spacers
22. The spacer hFgBjecEApahigved usipga procass Whekihe gare siertensecomanipingla con

| ayer 24 over the isolation reqions | 1 prevents salicidation of the

pol ysi | i @8t diegasiic epperedibiya gateotlentiode, is Byinehby ceteationahgclmiquesop®i y. 10, an
etch step is perforned to renove the unreacted polysilicon |ayer 24. This
etch is pebswrenedlonsénegeyaintplantadionss peeforhedia form atteessizlion Ry egicde inl KOH) or
using an isotropic plasma etching with a chem stry of O z/SF6/ Q2. Referring
now t o Fitlge substiate Aotwedte@ed by thie tohteatradtam S¢ fitst Pacaompbssnotydiemyde (NHA0H),
hydr ogen peroxide (HzQz), and water (HzZO, for exanple, is used to renove

the remaioRi$iEns EKEDS) SKRRC R ckANSIE, 19 2orRed kAL GRS RValBbAthe ba¥ 8hud@e The
present invention describes a nethod where a gate structure is formed upon

“a subst r a@onMRtibmd At i ' I t ' ; ource and
drain (L%%bon rggﬁgns inEtﬁgs?%%??ﬁ%?%ﬂﬁg?wg?%?@g?%ggg%bgﬁ% g ggstructure.

Pl oot acTBEEd GralaSIRd 1000 ISy ANt (IDSePRLEM FHRbET & A pecond

inplantation s perf formsource an Bhs in the

substrate_not. protected.b e gate and first spacer. A |layer o tal is
t hen depé‘seP?Sga‘P 8\?%?“%ﬁ%‘gfa%%?fiftg%%aq%ftr%CﬁJée-g%tSBC%‘PrSE%Y"aﬁ &pacgs %%‘b‘l?ﬁ‘%ff i dewal |
spacer is.then faor al ong the sidewal k of the gate structure covering the
“netal  ovelAHHR nft I?I‘IST&?@L& Fﬁnpgpﬁé%ﬁm%r?&?% the el 9 thereafesuetures f or ned
covering the netal over the_ isolation regions. A layer of polysilicon is
t hen dep&8ye g ths/Betat pisr therffraicsidewall spgsier  PhEerpame dimeeaspaser leRTA) | for
exanple, is performed causing the netal to react with both the silicon in
t he S/ D jfomeedicorerbg thovnetaboyreiwlatiandeditns. polayeiaf ipolysitiadrois ¢hanhiepositedi|
formng a netal silicide. Metal between the two sidewall spacers and over
t he i sol awvemthe peficonfthd gels smottuee @ctapidthemahare@alired RIN)ispdrfce@ed i S t hen
etched away, followed by renoval of the second spacer and the unreacted
met al . . Thehighr @aaRtthd muaioiredet Bk bathl theilitdeinavantagasioef the ntdiiagd de
process. It is self aligning and reduces the contact resistance to the

devi ce eligesdrpseson laBoradé ted forﬁl‘?xfgaé‘ﬁ@tapsfiliéiﬁggﬁ_@g WP 0@hg Blahlunpn source
provi ded by the overlying polysilicon |ayer, thicker silTcide |ayers are

produced \dho ] | igd, ' ' ' the
R A e B e R S
could resilt (iR j et.e coverage and higher cqontact resistance. Wile
the | nventt sl REREPUES Fof SR eBPrERG ot cdBh PRkaE Rl Epnce 1o
the preferr enbodi nents, thereqf, it_wi |l be understoqd _hy those skilled
|t he: et B SRR T SHEAEYER T gl HUDIFr Sy thsciiide w t hout
departin% fromthe spirit and scope of the invention.
pacer and the unreacted metal leaving conductive lines and device contacts. By

providing an additional source of silicon in the polysilicon layer above the metal, a

thicker silicide is achieved.



lo What is clainmed is: 1. A nmethod of fabricating integrated circuit.
nmetal silicide conprising: providing a sem conductor substrate having
isolation regions formed therein; providing a gate structure conprised of a
gate dielectric and a polysilicon gate conductor on said sem conductor
substrate; inplanting ions into said sem conductor substrate not covered by
said gate structure, thereby formng lightly doped source and drain
regions; formng first spacers along the sidewal k of said gate structure;

inplanting ions into saj ] tor s rate n covered by said gate
structure and said_firgkggggﬁ%&@ﬁgfﬁgggﬁyﬂigi%?ﬁﬁﬂggrce and drain regions;
10 depositing a netal |ayer overlying said gate structure, said first
spacers, said source and drain regions, and said isolation regions; form ng
second spacers overlying said netal |ayer along said sidewal k of said gate
st ruct ur e andIoiberrspmpgngiag dravdegdsdoinoing e oiteiag partiefibisidesanigtian.gbdrg &si | i con

| ayer overlying said second spacers and said netal |ayer 15 not covered by
sai d secehavispacers; thereafter thermally annealing said sem conductor

substrate causing said netal layer in contact with said polysilicon |ayer
and said source and drain region to transforminto a netal silicide;

. Fig. 1 through Fig. 11 schematically illustrating in cross-sectional representation a

preferred embodiment of the present invention.
DESCRIPTION OF THE PREFERRED EMBODIMENTS

The preferred embodiment describes formation of thicker silicide on the contacts
of a MOS ftransistor. It will be understood by those skilled in the art that the invention
can be extended to the formation of thicker silicide on any structure on a semiconductor

wafer.

Referring now more particularly to Fig. 1, a partially formed gate structure is
represented. A substrate 10 is provided. Isolation features such as field oxide regions 11
are formed in the substrate to separate active areas from one another. The substrate 10
may contain n or p type wells, devices, junctions, and other features (not shown) formed
prior to deposition and patterning of the gate dielectric 12 and conductive gate 14. The
gate dielectric 12 may comprise one or more of a list containing silicon oxide, tantalum
pentoxide, titanium oxide, silicon nitride, or nitrided oxides and so on. The conductive

gate 14 may comprise one or more of a list containing silicon, polysilicon, tungsten or




etching away said polysilicon |ayer that was not transfornmed to a netal
silicide 20 during said thernmal annealing; and 11 etching away said
second spacers and said netal |ayer that was not transfornmed to a netal
silicide during said thermal annealing thereby conpleting fabrication of
said integrated circuit netal silicide. 2. The nmethod according to Caim1l
wherein said first spacers are conposed of one of a group contai ning:
silicon dioxide, tetraethyl- oxysilane (TECS) oxide, nitrides and

oxynltrldes for contal i t her nal i dation, |ow
pressur e WKRERRE 01‘\?%@3)&8 6%?‘% ‘%g ‘?E %“’ﬁi %%ﬁ?&ogﬁhféﬁ?‘}%ﬁ‘echem cal
vapor deposition (PECVD). 3. The nethod accordlng to daim1l wherein said
second spigkdy §01§ﬂé0‘ér8?’rﬁ‘?4 dratp &P regions 18 g ihsusybatean K potmepteqied Banibam nitri de
platinumnitride, cobalt nitride, silicon nitride, silicon dioxide, TECS
oxi de, nigefe] sétégtumlci/b&yﬁmwaldeghﬁeﬁbs LDerebgontmb@mqu@s@t 380 toThe net hod
~according to Caiml1l wherein said netal |ayer is conposed of one of a group

cont ai ni AGHO Ainpsirvimsm Thid iatplamiation s ekfedlicaedlutiobiht Latdeposiedd/IMasa t hi ckness
of between about 100 to 500 Angstroms. 5. The nethod according to Claiml
wherei n sadsll. pol ysilicon |layer is deposited by CVD techni ques including
LPCVD and PECVD to a thiclrness of between about
Referring now to Fig. 2 and Fig. 3, one method for forming a sidewall spacer

along the gate structure 12/14 is described. Referring more particularly to Fig. 2, a layer

of spacer material 16 is conformally deposited overlying the surface of the device to a

thickness of between about 800 to 1500 Angstroms. The spacer material 16 is composed

of one or more of a list containing silicon oxide, TEOS oxide, nitrides or oxynitrides

deposited by low-pressure chemical vapor deposition (LPCVD), plasma enhanced CVD

(PECVD), atmospheric pressure CVD (APCVD), sub-atmospheric pressure CVD

(SACVD), or high density plasma CVD (HDPCVD), for example. The spacer material 16

is anisotropically etched by dr'y etching using CHF1/C4F3/O4 chemistry, for example,

leaving sidewall spacers 16 as shown in Fig. 3. Endpoint is reached when the underlying

structures including substrate 10, gate structure 12/14 and 1.DD region 18 are exposed to

etchants.

Referring now to Fig. 4, a low energy implantation (not shown) forms the source
and drain (S/D) region 19. The implantation is again self-aligned using the gate structure
12/14 and sidewall spacers 16 as a mask. The depths of the S/D region 19 are between

about 500 to 1500 Angstoms.




300 to 900 Angstronms. 12 6. The nethod according to Claim1l wherein said
thermal annealing is perfornmed by rapid thermal annealing (RTA) at a
tenperature of between about 400 and 900C in a inert gas such as nitrogen
with a flowrate of between about 3 to 10 sccm for between about 15 to 60
seconds. 7. The nmethod according to Claim1l wherein said etching of said
polysilicon layer is performed by timed wet-etch using potassium hydroxide
(KOH). 8. The nethod according to Caim1l wherein said etching of said
polysilicon layer is perforned by isotropic plasma etching using a _
chem stry of Cz/SF6/0Cz. 9. The nmethod according to Claim| wherein said
etching away of said second spacer and said netal |ayer is performed using
a wet etch wi Refearpgneey & lig. b regietdaven A Byupdsed o ongwpaoetp frawy atiggen

peroxi de (HzZOz), and water (H20). 10. A nethod of fabricating integrated
circuit msestaining tithhmepledmmn,indékabandmobsli @idegosited evarlydmpithe swfacs ubgitr at e
havi ng i solation regions fornmed therein; providing a gate structure

conpr i sedleute by gatttering &l atbickhess afibetare@odbpai 100ao50gAhgsteamduct or on sai d
sem conductor substrate; inplanting ions into said sem conductor substrate
not covered by said gate structure, thereby formng lightly doped source
and drain regions; formng first spacers along the sidewal k of said gate

structure,; Referring now to Fig. 6 and Fig. 7, the formation of the second sidewall spacers is
shown. As shown in Fig. 6, second spacer layer 22 composed of one or more of a list
containing titanium nitride (TiN), silicon nitride (SisNy), silicon dioxide (Si0O3), TEOS
oxide, nitrides or oxynitrides is deposited over the surface of the device by APCVD,
LPCVD or PECVD to a thickness of between about 200 to 1000 Angstroms. A mask 23
is formed over the isolation regions. The second spacer layer 22 is then etched to expose
the metal layer 20 over the gate structure 12/14. This forms a second set of sidewall
spacers 22 formed by the second spacer layer 22 along the sidewalls of the gate structure
12/14 overlying the metal layer 20 and also leaves a portion of the spacer layer 22
overlying the metal layer 20 over the isolation regions 11 as shown in Fig. 7. Only one

etching step is required to protect both the sidewalls of the gate and the isolation regions.

Referring now to Fig. 8, a polysilicon layer 24 is deposited by low-pressure
chemical vapor deposition (LPCVD), plasma enhanced chemical vapor deposition
(PECVD) or other CVD techniques overlying the surface of the device to a thickness of
between about 300 to 900 Angstroms. This is followed by a rapid thermal annealing
(RTA) between 400 and 900°C (depending upon the metal used) while being purged in an

inert gas such as nitrogen, for example, at a rate of between about 3 and 10 scem for




13 inplanting ions into said sem conductor substrate not covered by said
gate structure and said first spacers, thereby form ng source and drain
regions; 10 depositing a netal |ayer overlying said gate structure, said
first spacers, said source and drain regions, and said isolation regions;
form ng second spacers conprised of one of a group containing: titanium
nitride platinumnitride, cobalt nitride, silicon nitride, silicon dioxide,
TECS oxide, nitrides and oxynitrides deposited by LPCVD or PECVD overlying
said netal layer along said IS sidewal k of said gate structure and

over | yi n@eSed 15 &b hicconssy dhesevsr theapsialiltven gl oty silicandothe copductiveer | yi ng
sai d second spacers and said netal |ayer not covered by said second
spacers; gelsddetht 54p ragims idlahg themoedallicny layear 24, seedctomduotsomdsusigtideat e
~causing said netal layer in contact with said polysilicon [ayer and said
sour ce amegiolr 26 is foragidan shovd indiigfoorAltdridtely dasee bafunsict htiedBag 2@y BE chi ng away
said polysilicon |layer that was not transforned to a netal silicide during

sai d t hensal todavikalelshigidzaidd; Ivedver) urinRnbailifly 5a6R R omRRAES TREd sai d netal
| ayer that was not transfornmed to a nmetal silrcide during said therma

anneal i ngiichRr&RYeCHEBh A RitARE IRt 5B Dant Eﬁi_@ﬁé@&?%@é Lkt metal
silicide. 11. The nethod according to Caim 10 Wwherein sard first spacers
are conpQfffy RfcoRRfned, thereby thinning the conductive gate 14, the LDD region 18, the S/D

region 19 and the polysilicon layer 24. The resulting silicide region 26 has a thickness of

between about 300 to 700 Angstroms. The presence of the second spacers 22 between

the metal layer 20 and the polysilicon layer 24 prevents salicidation of the polysilicon

layer 24 in contact with the second spacers 22. The spacer layer 22 between the metal

layer 20 and the polysilicon layer 24 over the isolation regions 11 prevents salicidation of

the polysilicon layer over the isolation regions.

Referring now to Fig. 10, an etch step is performed to remove the unreacted
polysilicon layer 24. This etch is performed using a timed wet etch with potassium

hydroxide (KOH) or using an isotropic plasma etching with a chemistry of Cly/SF¢/O,.

Referring now to Fig. 11, a wet etch with a chemistry of ammonium hydroxide
(NH4OH), hydrogen peroxide (F20,), and water (H,0), for example, is used to remove

the remaining second spacer layer 22 and unreacted metal layer 20.

The present invention describes a method where a gate structure is formed upon a

substrate. An implantation is performed to form lightly doped source and drain (LDD)



of a group containing: silicon dioxide, tetraethyl-oxysilane (TEGCS) oxide,
nitrides and oxynitrides fornmed by one of a group containing: thernal

oxi dation, |ow 14 pressure chem cal vapor deposition (LPCVD), and

pl asma- enhanced chem cal vapor deposition (PECVD). 12. The nethod accordi ng
to Caim10 wherein said nmetal layer is conposed of one of a group
containing: titanium platinum nickel and cobalt deposited to a thickness
of between about 100 to 500 Angstrons. 13. The nethod according to Caim 10
wherein said polysilicon |ayer is deposited by CVD techni ques including
LPCVD andegemsymtiesubstig wd?é%%d%’f bihibe gele siregera: At wecaydoionnedelpegs. 14,
The nmet hod according to Caim10 wherein said thernal annealing is

~ per f or medhasidevehlis of theapiesiruetnrve . sasgnd RpRntationds pafrperd tadoemeburbet ween

about 400 and 900C in a inert gas such as nitrogen with a flow rate of

bet ween abddtailB(Y0) k@ione anthé subshateweeprobed by ik date 6 fstcpmas. Aldyer The

nmet hod according to Caim 10 wherein said etching of said polysilicon |ayer

i s perforofawtddys then@gpoviedd-wecihe ssifag o tHeaat stittipedrOxdcar (UGN spaér The
nmet hod according to Claim 10 wherein said etching of said ponS|I|con | ayer

'1 S per f orgeen Ritmied Qloh Besi RIWAEB Bk Ghe RfudtFeREv@inghBIInStal YvePthefhd/ SF6/ COz.
sidewall spacer and a second spacer layer is formed covering the metal over the isolation
regions. A layer of polysilicon is then deposited over the surface. A rapid thermal
annealing (RTA), for example, is performed causing the metal to react with both the
silicon in the S/D junction below the metal and the polysilicon above the metal forming a
metal silicide. Metal between the two sidewall spacers and over the isolation regions

does not react. The unreacted polysilicon is then etched away, followed by removal of

the second spacer and the unreacted metal.

The present invention has all of the advantages of a silicide process. It is self-
aligning and reduces the contact resistance to the device electrode. In addition, because
of the additional silicon source provided by the overlying polysilicon layer, thicker
silicide layers are produced without consuming all of the silicon in the junction below the
silicide. Without this step, a thinner silicide would be necessary which could result in

incomplete coverage and higher contact resistance.

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



17. The method according to C aim 10 wherein said etching away of said
second spacer and said netal layer is perforned using a wet etch with a
chem stry of anmoni um hydroxi de (NHaOH), hydrogen peroxide (HzQz), and
water (HzZO). 18. A method of fabricating integrated circuit netal silicide
conprising: providing a sem conductor substrate having isolation regions
formed therein; providing a gate structure conprised of a gate dielectric
and a polysilicon gate conductor on said sem conductor substrate;

i mpl ant i | ' ' ] I rate not.covered.by .said gate
structurggn?ﬁgﬁg@%%g%§%#%88ﬁ?%ﬂ%ﬁ%y%%%gaggﬁﬁbgge ndn%?%@ﬁﬁ?%ﬁ?%%g; form ng
first spacers Iong the sidewalls of said gate structure; inplanting ions
into sai&cggﬁﬁﬁgﬁﬁ @USP substrate not covered by said gate structure and
said first spacers, thereby form ng source and drain regions; 10 depositing
a netal |ayer overlying said gate structure, said first spacers, said
source and drain regions, and said isolation regions; form ng second
spacers conprised of one of a group containing: titaniumnitride platinum
nitride, cobalt nitride, silicon nitride, silicon dioxide, TEOCS oxi de,
nitrides and oxynitrides deposited by LPCVD or PECVD overlying said netal

| ayer along said 15 sidewal k of said gate structure and over said isolation
regi ons; depositing a polysilicon |layer overlying said second spacers and
said netal |ayer not covered by said second spacers;

10




thereafter thermally annealing said sem conductor substrate causing said
netal layer in contact wwth said polysilicon | ayer and said source and
drain region to transform 16 20 into a netal silicide wherein the
presence of said second spacers prevents said polysilicon overlying said
second spacers fromreacting with said netal |ayer covered by said second
spacer and wherein the presence of said polysilicon | ayer over said netal

| ayer provides a silicon source for said nmetal silicide thereby reducing
siIicon_consugp&ﬁ%ﬂﬂﬁr%gkéajd 25 polysilicon gate conductor and said source
and drain regions, e%ghlng away said polysilicon |layer that was not

transforned,to a pe at i.licide during said fhernpal anpealing; and etching
away said s%céh@a@BQB ?énﬁﬁ@g§gﬁ§mﬁéfgﬁﬂi@?@f&ﬁﬂ§€dﬂﬂgﬁﬁﬁ transforned to a
metal silicide duyring said thermal annealing thereby conpleting fabrication
of said 30 i nPERYIUES seniceriuptopathsiratghpyipg éalation regrdns forgteddkereideor ding to
G aim 18 wherein said first spacers are conposed of one of a group
containi ng: siPrveding digerisdecture spmpusadydf a@riesli¢lenidc TRQB)yOdodeateni t ri des
and oxynitrides fornmed by one of a group containing: thernmal oxidation,
| owpr ess woadushewnsald serapondepeshstiagn (LPCVD), and pl asma- enhanced cheni ca
vapor deposition (PECVD). 20. The nethod according to Caim 18 wherein said
metd |ayer i smplnosieds ifo saitescaficardgetotqubsiend Adtonged by tadkaten pl ati num
ni ckel and cobalt deposited to a thickness of between about 100 to 500
Angst r onstrudtore, thereby forming lightly doped source and drain regions;
forming first spacers along the sidewalls of said gate structure;
implanting ions into said semiconductor substrate not covered by said gate
structure and said first spacers, thereby forming source and drain regions;
10 depositing a metal layer overlying said gate structure, said first spacers, said
source and drain regions, and said isolation regions;
forming second spacers overlying said metal layer along said sidewalls of said
gate structure and overlying said isolation regions;
depositing a polysilicon layer overlying said second spacers and said metal layer
15 not covered by said second spacers;
thereafter thermally annealing said semiconductor substrate causing said metal
layer in contact with said polysilicon layer and said source and drain region to transform
into a metal silicide;

etching away said polysilicon layer that was not transformed to a metal silicide

20 during said thermal annealing; and

11




21. The nethod according to Caim 18 wherein said polysilicon layer is
deposited by CvD techniques including LPCVD and PECVD to a thickness of

bet ween about 300 to 900 Angstroms. 22. The nethod according to Claim 18
wherein said thermal annealing is perforned by rapid thermal annealing
(RTA) at a tenperature of between about 400 and 900C in a inert gas such as
nitrogen with a flow rate of between about 3 to 10 scan for between about
15 to 60 seconds. 23. The nethod according to Claim 18 wherein said etching
of said polysi.l. ' f il t-etch. usi assi um

POV Y elch i Awla@¥ 8l sLbnB SLI R sgg el BV BB HER RSt RE

hydr oxi de (K accordin aim et chi ng

chem st r e g Shig e R RRATRE ke SR ng SR ET St i n o9 d

et ching away of sai.d secopd. spacer and said nmetal |ayer is performed using
a wet gt dwegﬁeﬂ Cﬁ“ﬂh@ﬁ’iﬂﬁ%‘(}%}d%g anmoni um hydr oxi de (NIXMOH) , IE]ydr ogen
peroxide (HZOz), and water (HzO). i8 .AAlL.A". AAA A

A A Ap. Axy. Al . Al p. AS. A S. AXS. AS. ALxp2N R 9RS/

{E} xsni d_Z] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]ca]ca]ca]ca]ca]ca]ca]c
a] ca] ca] ca] ¥a|lbasdicdatcutivafetlabn lwWhtssh ydd firdspachis/are composed of one
/1/70]001c1157K88} xsni d_Z] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]ca] ca]ca]c
a] ca] ca] ca] captapwap caijtein]ngajitiedrcdipid¢, catealytok wihRBABYISI 9MIe Sriitridks ; ; #<X<<<
={ ===>>a>>>, ???@@® xsni d_Z] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]ca]ca
] ca] ca] ca] ca] ead cahtalieabaad ] Gr]Ta]ealptahta]ied ik @ALMOAABRBBBCVCCCD] DD
DCEEE" FoFFF6 Gy GGGHWHHH} xsni d_Z] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca’] ca]ca]ca]ca]ca
] ca] ca] ca] ca] ¢pkaad shsad Sad ek C lcal oalwhJ J EK\ KKK {
LLL FMVVVVVINNNGG OF Q0P PPP&QZQIIQ xsgﬁ%}(%gﬁgi])’cﬂ%d%ﬁﬁ %gfﬁ?%ﬂé‘]@a ca] ca] ca] ca

Iz QQORf RRRDSSST
N O DOV VoS B SUOORL SR Uahezy wani o 2] cb] cal] oh] ob] ca] cal ca] ca) cal ca] cal ¢

a]J ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]ca]ca] ca]ca]ca]ca]cal! ZZ[V[Y\\\'
1-T111I8 A~ u

__"u T a
aYzZA4zZ} xsni g_Z] cal cal,calcalc cg] cal ca] ca] ca) ca] ca] ca] ca] ca] ca] ca] ca] ca]
ca] ca] ca] ca?‘c i}‘% H%eﬁlg}igg%o(géi}ng 24 é%}‘ﬂ g]"g}ﬁ%‘ﬂ[‘ %&1&1_56&9%5/@&0@]} ape comprised Of]
‘ - one of a group containing: titanium nitride platinum nitride, cobalt nitride, silicon

nitride, silicon dioxide, TEOS oxide, nitrides and oxynitrides deposited by

LPCVD or PECVD.

4. The method according to Claim 1 wherein said metal layer is composed of one of
a group containing: titanium, platinum, nickel and cobalt deposited to a thickness

- of between about 100 to 500 Angstroms.

5. The method according to Claim 1 wherein said polysilicon layer is deposited by
CVD techniques including LPCVD and PECVD to a thickness of between about

300 to 900 Angstroms.

12
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between about 15 to 60 seconds.

7. The method according to Claim 1 wherein said etching of said polysilicon layer is

performed by timed wet-etch using potassium hydroxide (KOH).

8. The method according to Claim 1 wherein said etching of said polysilicon layer is

performed by isotropic plasma etching using a chemistry of Cly/SFs/O-.

9. The method according to Claim | wherein said etching away of said second
spacer and said metal layer is performed using a wet etch with a chemistry of

ammonium hydroxide (NH;OH), hydrogen peroxide (H,02), and water (H>0).

10. A method of fabricating integrated circuit metal silicide comprising:
providing a semiconductor substrate having isolation regions formed therein;
providing a gate structure comprised of a gate dielectric and a polysilicon gate

conductor on said semiconductor substrate;
5 implanting ions into said semiconductor substrate not covered by said gate
structure, thereby forming lightly doped source and drain regions;

forming first spacers along the sidewalls of said gate structure;

13
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source and drain regions, and said isolation regions;
forming second spacers comprised of one of a group containing: titanium nitride
platinum nitride, cobalt nitride, silicon nitride, silicon dioxide, TEOS oxide, nitrides and
oxynitrides deposited by LPCVD or PECVD overlying said metal layer along said
15 sidewalls of said gate structure and overlying said isolation regions;
depositing a polysilicon layer overlying said second spacers and said metal layer
not covered by said second spacers;
thereafter thermally annealing said semiconductor substrate causing said metal
layer in contact with said polysilicon layer and said source and drain region to transform
into a metal silicide;
20 etching away said polysilicon layer that was not transformed to a metal silicide
during said thermal annealing; and
etching away said second spacers and said metal layer _that was not transformed to
a metal silicide during said thermal annealing thereby completing fabrication of said

integrated circuit metal silicide.
11. The method according to Claim 10 wherein said first spacers are composed of one

of a group containing: silicon dioxide, tetraethyl-oxysilane (TEQS) oxide, nitrides

and oxynitrides formed by one of a group containing: thermal oxidation, low-
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12. The method according to Claim 10 wherein said metal layer is composed of one
- of a group containing: titanium, platinum, nickel and cobalt deposited to a

thickness of between about 100 to 500 Angstroms.

13. The method according to Claim 10 wherein said polysilicon layer is deposited by
CVD techniques including LPCVD and PECVD to a thickness of between about

300 to 900 Angstroms.

14. The method according to Claim 10 wherein said thermal annealing is performed
by rapid thermal annealing (RTA) at a temperature of between about 400 and
900°C in a inert gas such as nitrogen with a flow rate of between about 3 to 10

scem for between about 15 to 60 seconds.

15. The method according to Claim 10 wherein said etching of said ﬁolysiiicon layer

is performed by timed wet-etch using potassium hydroxide (KOH).

16. The method according to Claim 10 wherein said etching of said polysilicon layer

is performed by isotropic plasma etching using a chemistry of Cly/SE¢/O,.
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18. A method of fabricating integrated circuit metal silicide comprising:
providing a semiconductor substrate having isolation regions formed therein;
providing a gate structure comprised of a gate dielectric and a polysilicon gate
conductor on said semiconductor substrate; |
5 -implanting ions into said semiconductor substrate not covered by said gate
structure, thereby forming lightly doped source and drain regions;
forming first spacers along the sidewalls of said gate structure;
implanting ions into said semiconductor substrate not covered by said gate
structure and said first spacers, thereby forming source and drain regions;
10 depositing a metal layer overlying said gate structure, said first spacers, said
source and drain regions, and said isolation regions;
forming second spacers comprised of one of a group containing: titanium nitride
platinum nitride, cobalt nitride, silicon nitride, silicon dioxide, TEOS oxide, nitrides and
oxynitrides deposited by LPCVD or PECVD overlying said metal layer along said
15 . sidewalls of said gate structure and over said isolation regions;
depositing a polysilicon layer overlying said second spacers and said metal layer
-not covered by said second spacers;
thereafter thermally annealing said semiconductor substrate causing said metal

layer in contact with said polysilicon layer and said source and drain region to transform

16
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silicon source for said metal silicide thereby reducing silicon consumption from said
25 polysilicon gate conductor and said source and drain regions;
etching away said polysilicon layer that was not transformed to a metal silicide |
during said thermal annealing; and
etching away said second spacers and said metal layer that was not transformed to
a metal silicide during said thermal annealing thereby completing fabrication of said

30 integrated circuit metal silicide.

19. The method'according to Claim 18 wherein said first spacers are composed of one
of a group containing: silicon dioxide, tetraethyl-oxysilane (TEOS) oxide, nitrides
and oxynitrides formed by one of a group containing: thermal oxidation, low-
pressure chemical vapor deposition (LPCVD), and plasma-enhanced chemicél

vapor deposition (PECVD).
20. The method according to Claim 18 wherein said metal layer is composed of one

of a group containing: titanium, platinum, nickel and cobalt deposited to a

thickness of between about 100 to 500 Angstroms.
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21. The method according to Claim 18 wherein said polysilicon layer is deposited by
CVD techniques including LPCVD and PECVD to a thickness of between about

300 to 900 Angstroms.

22. The method according to Claim 18 wherein said thermal annealing is performed
by rapid thermal annealing (RTA) at a temperature of between about 400 and
900°C in a inert gas such as nitrogen with a flow rate of between about 3 to 10

scem for between about 15 to 60 seconds.

- 23. The method according to Claim 18 wherein said etching of said polysilicon layer

is performed by timed wet-etch using potassium hydroxide (KOH).

- 24. The method according to Claim 18 wherein said etching of said polysilicon layer

is performed by isotropic plasma etching using a chemistry of Cl,/SFs/O;.
25. The method according to Claim 18 wherein said etching away of said second

spacer and said metal layer is performed using a wet etch with a chemistry of

ammonium hydroxide (NH4OH), hydrogen peroxide (H,0,), and water (H0).
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