2 9 DEC 2005 TECHNI QUE TO ACHI EVE THI CK SI LI Cl 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 091774,417, filed on 02/01/2001,
assigned to a common assignee. (1) Field of the Invention g2$£%£yz@ﬁion
generally relates to an interconnection process used in séM d or
manuf acturing and, nore particularly, to a nethod of form ng thick
silicide filns over ultra-shallow junctions in the fabrication of
integrated circuits. (2) DESERIQUIOM aiCiReiverrAct Sikdgideivat er connecti on
is formed on integrated circuits by first sputtering a nmetal such as

titanium (Ti) over the surf@ee;afp as¢oml et gtfegiure. These structures
are typically conposed of doped sillcoh'or‘szlcon oxi des or netal

nitrides. Wien 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 lon, the doped silicon under the deposited
nmetal is consuned at a raﬁ%gggbﬁ£&} t@ﬁﬁlﬁﬁf%éﬂiﬂéwihickness of the

titanium |ayer. Metal over the silicon oxide or netal nitride areas
remai ns unchanged and is easily i 28 DEC 2005 renoved using wet etching
techni ques. This | eaves conductive |lines and contacts in the

This is a Continuation-in-Part application of CS-00-018, serial number

09/774,417, filed on 02/01/2001, assigned to a common assignee,

(1) Field of the Invention

The invention generally relates to an interconnection process used in
semiconductor manufacturing and, more particularly, to a method of forming thick

silicide filims over ultra-shaliow junctions in the fabrication of integrated circuits.
(2) Description of Prior Art

Silicide interconnection is formed on integrated circuits by first sputtering a metal
such as titanium (Ti) over the surface of a completed structure. These structures are
typically composed of doped silicon or silicon oxides or metal nitrides. When heated the
metals over the doped silicon react with the silicon to form conductive con}pounds— 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

fayer. Metal over the silicon oxide or metal nitride areas remains unchan ged and is easily




silicide. In sub-quarter-m cron MOSFET architectures, it is necessary to
use ultra- shallow source and drain (SID) regions. Utra-shallow junctions
limt the available silicon for consunption and therefore the thickness of
silicide fil mmnust be reduced. Thinner silicides have th ggﬁﬁgvgﬂ%ages of
i ncreased sheet resistance, filmdiscontinuity, contact S%

non-silicified | ocations, and high contact and parasitic resistances. For
thin silicide filns, C54 phase TiSi2 is preferred due to its high

el ectri catmoordistlgi wdt eyching Tedhpl @I BHiNcRRURAAEIBSe NAMana HMUER; higher energy
state and pronote C54 grain formation. Pre-anorphization inplants (PAT)

are of t enjlused hOuBRARGENERA MDREAT af QEBBLION: i Txlei(kjpésar?&) U@ results in
undesi rabl e effects such as inplantation |n3uceé amage (e.g. transient

onhanced A HURIED LLuboreD, At Lol Lon.) Sehasels ] @ Siageri i U and

non-uniformty. For th ase not

nucl eat e o bRl st A RRURAALE SR, QluCAS PATSE, T2 gralne, (hydr ogen can

nucl eate a rai oundar
approaches .for .i.nproving the silicide processing exist. U S Patent
5P B4 caa VO FlICRRe RS b Rt HEICIS DH0 faoes HBWkionapaGer s. The
first spacer is higher than the second and acts as barrier to elimnate
shorts bePerEorREsSbigTE)ieiAed lcatipns agdhich anget Pdtrarmsite roR0ar42 o Tsai et
al. teaches a method where sel ected devices and circuit areas are bl ocked
f r om t he ®iIsitgideelilps deEbphastI S iPatefertedsuo23t9Bigh tlzcGhelntonteaivhes a net hod
incorporating an unbrella-like second spacer that prevents netal from
bei ng spuiirirde-gdinintedaridsdaspanech highereabyyeladamigirongesiiardsn U. S. Pat ent
5,780,348 to Lin et at. teaches a method of form ng parasitic spacers to
reduce elfectatiost td-enélpsehdingeplants (PAT) are often used to enhance C54 grain

formation. This, however, results in undesirable effects such as implantation induced

damage (e.g. transient enhanced diffusion in boron and junction leakage), film

discontinuity and non-uniformity. For thick silicide films, C54 phase TiSi, need not

nucleate at triple-grain boundaries of C49 phase TiSi; grains (hydrogen can nucleate at

the grain boundaries), so the PAI is not required.

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 that prevents metal from
being sputtered under the spacer, thereby eliminating shorts. U.S. Patent 5,780,348 1o

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




2 2 9 DEC 2005 (ESD) problenms. U. S. Patent 5,882,973 to Gardner et al.
teaches a nethod of formng variable width sidewall spacers. SUMVARY OF
THE | NVENTI ON A princi pal object of the present invention is to provide a
method that allows the formation of thicker silicide |ntgg%g®Eﬁc% %
whil e consum ng | ess of the underlying silicon. Another &
present invention is to provide a nethod that allows the fornatlon of
thicker silicide interconnections over shallow junctions w thout

conpr oni $E$Ig) poBlciNcts Paght § ¥50673 e shak LOW danet b %&Gd%@%ﬁ%{ , obj ect of
the present invention is to provide a method that is self al |gn|ng t hat

faci | itabesathd®idiREiaBLAIPG Rt hi cker silicide interconnections over shallow
junctions without conpromsing the functionality of the shallow junctions.
Anot her object of the present invention is to provide a nethod that is
self-aligning that facilitates the formation of thicker silicide

i nt erconnections over shal | tions . W )ut._conprom sing the
functionality of the shalI%ﬁw?%%ggﬁgniﬁgﬁﬁhhﬁﬁrmpﬁes the | eakage between
the SID and gate. 3 2 $ DEC 2005 These objects are achi eved using a process
where the gate structure, conprising a

A principal object of the present invention is to provide a method that allows the
formation of thicker silicide interconnections while consuming less of the underlying

silicon.

Another object of the present invention is to provide a method that allows the
formation of thicker silicide interconnections over shallow junctions without

compromising the functionality of the shallow junctions.

Another object of the present invention is to provide a method that is self-aligning
that facilitates the formation of thicker silicide interconnections over shallow junctions

without compromising the functionality of the shallow junctions.

Another object of the present invention is to provide a method that is self-aligning
that facilitates the formation of thicker silicide interconnections over shallow junctions
without compromising the functionality of the shallow junctions and minimizes the

leakage between the $/D and gate.




gate dielectric covered by a gate electrode, is formed by conventi onal
techni ques upon a substrate. A lowenergy inplantation is perforned to
formultra-shallow LDD regions in the substrate not protected by the gate

structure. A first spacer conposed of tetraethyl- oxysil anﬁcébkES)z xi de,
for exanple, is forned along the sidewalls of the gate str @f@

conventional nethods. This may be foll owed by a second inplantation formng
the source and drain (SID). A layer of metal such as titanium (Ti), for

exanpl e, is tHérse depesit achionaushie psotefsacRrofheldR Fab@rSEEUFIURE A _
second sidewal | spacer conposed of titaniumnitride (TiN), for exanple, is

forned algngditleerisice@yel bysa %{tc tihargatie fSthdeH B YhSvenGOY-E Fécﬂﬁqﬁ%ﬁ?p’gﬁgal over

the first sidewall spacer. At the same tine, a spacer |ayer r med
covering BBt RloWYhlrg) SALAARM i€ BUHRARY Sy BXGa YarBRI YD LLGAR 1S then
deposited over the sur %%c %#1 ?ﬁel gat e ls%lrt(ﬁf:otrﬁ?{%{m aruggfi%i?ﬁ%%mnlﬁ;l n
annealingﬂg i rforped. which causes . the netal to react with both the
silicon in t grjat&ﬁng;?r 8%816@??5\%1%%% Rt aligm F%‘@%‘iﬂ@??ﬂ?ﬁﬁ“%ﬁdﬁf e the
metal formng a e L sili.cide (TiSi2 V\/He usj ng titani um rretalél. Met al
al ong the’s] igigaé\%éfﬁég ¥t & ef‘ﬁ@lglfei is dQrmyg @Poé‘éé%%d%"i’adl'é%me g@fFatidrsrand over
the isol %%}I on regi ons does not react and remains unchanged. The polysilicon
that has HotnvrEiRepldaethpdsh Thisdngrdicdpliowed hiehsesprdhiseplanpiion fotnisg ke f ol | owed
by renmoval of the second spacer and the unreacted netal |eaving conductive
| i nes andOHEG2E@ dEghtSder sA layr ofpmedli sdiings titaniaddiTi)i tnakarsgericeeof silicon in
the polysilicon |ayer above the netal, a thicker silicide is achieved. 4
23 DEC 20B%osited over the surface of the gate structure. A second sidewall spacer composed of

titanium nitride (TiN), for example, is formed along the sidewalls of the gate structure

covering the metal over the first sidewall spacer. At the same time, a spacer layer is

formed covering the metal over isolation regions. A layer of polysilicon is then deposited

over the surface of the gate structure. A rapid thermal anncaling (RTA) is performed

which causes the metal to react with both the silicon in the junction below the metal and

the polysilicon above the metal forming a metal silicide (TiSi, when using titanjum

metal). Metal along the sidewalls between the first and sccond sidewall spacers and over

the isolation regions does not react and remains unchanged. The polysilicon that has not

reacted with the metal is then etched away. This is followed by removal of the second

spacer 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.




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. 11
schematically illustrating in cross-sectional representation a preferred
enbodi ment of the present invention. DESCRI PTION OF THE PEEEFBEED

EMBODI MENT' S The preferred enbodi nent descri bes formation 6f c K&
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
formati on of thicker sEHRIEF@ESORIAMOS IUCHRDR OWEGsen conduct or  wafer.
Referring now nore particularly to Fig. 1, a partially fornmed gate
structure is represented. A substrate 10 is provided. Isolation features

such as field oxide regions 1 | are fornmed in the substrate to separate
active areas fi}f gl0.006,3R05DS 4w hstrate. . in.n ot p type
wel | s, devi ces, jthtﬁ%hgiQa%ﬂuggﬁgﬁHgg%p%%%?}f%%?F@ﬁé&%?%?g%%gagﬁbrior to

depositi%%m%Fd patterning of the gate dielectric 12 and conductive gate 14.
The gate dielectric 12 may conprise one or nore of a |list containing
silicon oxide, tantalum pentoxide, titaniumoxide, silicon nitride, or
nitrided oxides and so on. The conductive gate 14 nmay conpri se one or nore
of a list containiﬂg siljcon, polysilicon, tungsten or 5 2 Z DEC 2005
tungsten sil iféd denropgplie; J1 sphamatcadiy illusipidng isresgyedtioptlasnrasenghor Aot
shown) forns the

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 conducfive 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




i ghtly doped source and drain (LDD) regions 18 in the substrate 1.0 not
protected by the gate structure 12/14. Typical depths of the LDD regions
18 are between about 300 to 1000 Angstronms. This inplantation is
self-aligned using the gate structure 12/14 as a nmask. F@é -ng &}Mlto
Fig. 2 and Fig. 3, one nethod for formng a sidewall space é he gate
structure 12/ 14 is described. Referring nore particularly to.-Fig. 2, a

| ayer of spacer material 16 is conformally deposited overlying the surface

of the devigentsiicle (WHigknEsSs o0 ARGt \WeaBy a&ﬂyﬁtat&mnépshéaﬁpfoﬁﬂg%r ons. The
spacer material 16 is conposed of one or nore of list containing silicon

oxi de, TE@U??&&)&% soliick ahcii@l%m%mma%kﬁé fAes AR éé %&Wﬁ%ﬁ&%“r ©

cheni cal vapor deposition (LPCVD | asma enhance

at ospherdg, Mﬁ%ﬂﬁﬂ%@@@%ﬁ%ﬁ FRORRUGE LS ISR IS Y, (SACVD)

or high sity plasma anpl e Spa ferial 16

exanpl o, T PBATEH R iy P it S 6P B L Eﬁths%?‘.@%é%?e’%ﬁa‘p%?ﬂlsfiy o

reached when the underlylng structures including substrate 10, gate
structurd™®?/ 14 and LDD region 18 are exposed to etchants. Referring now
to Fig. 4, alow energy inplantation (not shown) forns the source and
drain (S/D) region 19. The inplantation is again self-aligned using the
gate structure 12/14 and sidewal | spacers 16 as a mask. The depths of the
S/ D regi on 19 RaferibenwedénFigaboud Fig0b, dno kSO0 fAniysthoigs. siGwall 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, TEQS 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 dry etching using CHF3/C4Fg/O; 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 LDD region 18 are exposed to

etchants.

Referring now to Fig. 4, a low energy implantation (not shown) forms the source
and drain (5/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.




2 B DEC 2Q5 Referring nowto Fig. 5 a netal layer 20 conprised of one or
nore froma list containing titanium platinum nickel and cobalt is
deposited overlying the surface of the device by sputtering to a thickness
of between about 100 to 500 Angstroms. Referring now to Fi?. gﬁgnd Fig. 7,
the formation of the second sidewal | spacers is shown. Asfdh LHOFi g. 6,
second spacer |ayer 22 conposed of one or nore of a list containing
titaniumnitride (TiN), silicon nitride (Si3N4), silicon dioxide (Si02),
TEOCS 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 Angstronsg..  A. 23 1S formed over the isalation regions. The second
spacer Iayerngfﬁ@ggﬁﬁﬁﬁ%gfghéail%gg%%%ggcoTﬁﬁwﬂgnge@H?@??gﬁ1%sﬁr the gate
structure %2/14,.This Horns a,. ef?ﬁd get,of sldgmall, spacers 22 formed by
the secondBPRES T AR asiy nike! aeossibisspesdedpvaingghe surlace gbthre 12/ 14
overlyin% the netal |ayer 20 and also | eaves a portion of the spacer | ayer
22 over F§TiRGDY HtRERGI0 4 hirkpess of brpwpen dheut KWItatP@Anggyinons 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 enhanc &diechimgmiaato KigpoanddEpds itd format{oRECY) seosndafideerali YR etsge hni ques
overlying the surface of the device to a thickness of between about 300 to

" 900 Angstshoms. ATktiosvi ia Higld, ewet dyca 152D Y cbhpssa@br amngahdBera GRTA) between
400 and 900C (dependi ng upon the netal used) white being purged in an

i nert gagosudtheaRaitih @8 (TiNG!silf6aMRtEe (BING siIRLE afxiReEWesPrEhout 3 and
10 sccrn for

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 structurce

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 Fi g. 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




7 2 B DEC 2005 between 15 to 60 seconds. Wherever the netal |ayer 20
contacts silicon in the conductive gate 14, the SID regions 18 and the
polysilicon |layer 24, a reaction occurs and a silicide region 26 is forned
as shown in Fig. 9. Alternately, laser or furnace annealin éﬁﬁﬁﬁﬁ used to
facilitate salicidation; however, furnace annealing is not #ed. The
silicide reduces the contact resistance to the silicon. During the
silicidation, sonme of the silicon is consuned, thereby thinning the

conduct i betwgai €5 1460 dehends DBV Heggieothe hibtal ther B Bontdc@gdinebnlif tanséntifi®ive
polysilicon |ayer 24. The resulting silicide region 26 has a thickness of

bet ween aheut, BOQ/1Y Q79 13@@&{}1@%@91@@g@é@ﬁ@@@@m%n bagrshaonggpracers 22
bet ween the net al | ayer 20 and the polySilicon |ayer 24 prevents

sal i ci datd ;? L2 2 is eheneB ok ¥}§de ﬁqf?g; J| %[?crrna%é‘!%egsc?gpfﬂgﬁtcc%ﬁcrag%g%a 89 Ond

spacers 2 e spacer |ayer bet ween t ayer

pol ysili %8{31 t!)q‘yc?lﬁtai%%dl?c\{c?atloh eo“'fe%grl ?trl 0 N Im 73S no%lgépc;)%ﬁ? Int > LI CI daj[ i on of

t he polysilicon ayer over the 1so ion regl to Fig. 10,

an etch ste d.to.renmove, the unr acte onslllcon yer 24.
s ot cﬁll' P R PE heEo TS S PET ol AGESoUH e D S HOKALn ST Ayl oxi de

(K T3|ng an |sotropb pl asma etching wwth a chem stry of Cl12/ SF6102.
Ref erri nd1 I9BR/Sean e ds Pere &WM“%E@WOWWHV%‘&%ﬁéﬁﬂt@‘f FpLorgigimdnthamthy dr oxi de
(NH4Q1- 1), hydrogen perOX|de (H202), and water (H20), for exanple, is used
to renpvaceiehld wsrhe poliglicadarel 24 pdbe reshliipg silipEleapmondt basct thitkness af | ayer
20. The present invention describes a nethod where a gate structure is

f or med upetwean about 300 to 700 Angstroms. The presence of the second spacers 22 between

the metal tayer 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 Clo/SFs/O;.

Referring now to Fig. 11, a wet etch with a chemistry of ammonium hydroxide
(NH4OH), hydrogen peroxide (H,03), and water (H20), for example, is used to remove
the remaining second spacer layer 22 and unreacted metal [ayer 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)




substrate. An inplantation is perforned to formlightly doped source and
drain (LDD) 9 28 DEC 2005 regions in the substrate not protected by the
gate structure. A first spacer is formed along the sidewalls of the gate
structure. A second inplantation is perfornmed to form sourz%ﬁd %ai n
(SID) regions in the substrate not protected by the gate a st pacer.
A layer of netal is then deposited over the surface of the gate structure.
A second sidewal | spacer is then forned along the sidewalls of the gate

Struct ur geGOnaR itMGsub AR ProtOMES bt A€ géﬂers%ctm%l depyal 4pa§m§ﬁ)rrm@dﬂgoﬁlg second
spacer layer is forned covering the netal over the isolation regions. A

l ayer of tf?@éﬂéﬁd fc;%(i) ﬂ]e' g%t ﬁ%&u%e%&,&?@u %ﬁaﬁ&QS ﬁ(’—:’r?&ﬁl‘ég to f%rllﬁasghlget her mal

anneal ing ( exanp e, Is causl netal to react with

bOt h t he anﬁ Id 8.11"1 @Db regnong 131 hﬁ S{Iinf C{C %CP\AI t he t%al Etdstptﬁ(be?t %l SI i con

above the e i dewal |
spacers er th isolatio I on does not react he unreacted
polysillégﬁﬁ¥%‘§wgﬁ @FEW%@D Su %FF’ﬂﬁﬁmﬁymwgﬁﬁvaﬁS%Pngﬁﬁgwggﬁﬁﬁﬂ spacer
and the unreacted resent invention has all of the advantages of

a S|I|C|d%“ﬁ?&ﬁ§§§nﬁ¥$i?%m§%W¥m05@P@ﬁ¢ﬁ§“§ﬁﬁ‘ﬁéﬁﬂ&é§eWﬁ@l@8%ﬁ%%@”?e5|stance

to the device electrode. In addition, because of the additional silicon
sour ce prstievalapispr aiiea weerd spaery Lot pdpinaslonveringdhe mehl ekeethe isolhfiai de
| ayers are produced wi thout consuming all of the silicon in the junction
bel ow t haegisid.i &ildgr of\polgaiticort ibiten sibppitedotditivrsarfas. | A cipiiethaowdld be
necessary which could result in inconplete coverage and hi gher contact
r esi st ancnealing (RTA), for example, is performed causing the metal to react with both the

silicon 1n 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 alf 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 polysificon layer, thicker
silicide layers are produced without consuming alf 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




Whil e the invention has been particularly shown and described with
reference to the preferred enbodi nents thereof, it will be understood by
those skilled in the art that 9 2 8 DEC 2005 vari ous changes in form and
details may be made w thout departing fromthe spirit and 3@&@@02 he
invention. 10 2 8 DEC 2005 1. A nethod of fabricating integ Q cuit
metal silicide conprising: providing a sem conductor substrate having
isolation regions formed therein; providing a gate structure conprised of
a gate dieliect dhiaogand fampoaldykidilk aon bgaiae wobdukbatin@Nosahdsgammeionduct or
substrate; 5 inplanting ions into said sem conductor substrate not covered
by said gRbe ofShé WebMIR, thereby formng lightly doped source and drain
regions; formng first spacers along the sidewalls of said gate structure;

i nplanting 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;

si mul t aneously form ng second spacers in a single step etching both
overlying said netal |ayer along said sidewalls of said gate structure and
overlying said netal |ayer

10




over said isolation regions; depositing a polysilicon |ayer overlying said
second spacers and said netal layer 15 not covered by said second spacers
to a thickness of between about 300 to 900 Angstrons; thereafter thermally
anneal i ng sai d sem conduct or substrate causing said netal kfiﬁt & cont act
with said polysilicon | ayer and said source and drain regi% t sform
into a netal silicide; etching away said polysilicon |ayer that was not
transforned to a n?éag silicide 20 durin?_said thermal annealing; and Il 2
~ DEC 2005 ‘emehrd gl bRbgatugigicgakgrcyprest g caap et al | ayer that was
not transformed to a netal silicide during said thernma annealing thereby
conpl eti ng f alypvidas coxmggongdadter subsitabghraviedsdiiauicgionefoaedibeiati:de. 2. The
met hod according to Claiml wherein said first spacer-, are conposed of one
of a group contvdingagie siucivcomtiroxkdd dég gdtetiichetrhyind @xybisilane g{tFECS) oxi de,
nitrides and oxynitrides fortned by one of a group containing: thernal

oxi dat i ogundu@t @t @SGshdcoabnibakaty,apor deposi tion (LPCVD), and
pl asma- enhanced chem cal vapor deposition (PECVD). 3. The method accordi ng

to airn | waglgiRe$éHsdnis 8&ARENRPAGRIST sPbBatPEMIRE RfsaRNBre of a group
containing: titaniumnitride, platinumnitride, cobalt "nitride, silicon

nitride, structure, thereby forming lightly doped source and drain regions;

forming first spacers along the sidewalls of said gate structure;
implanting ions into satd 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;
simultaneously forming second spacers in a single step etching both overlying
said metal layer along said sidewalls of said gate structure and overlying said metal layer
over said isolation regions;
depositing a polysilicon layer overlying said second spacers and said metal layer
| not covered by said second spacers to a thickness of between about 300 to 900
Angstroms;
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;
ctching away said polysilicon layer that was not transformed to a metal silicide

20 during said thermal annealing; and




silicon dioxide, TECS oxide, nitrides and oxynitrides deposited by LPCVD or
PECVD. 4. The nethod according to Caiml wherein said netal |ayer is
conposed of one of a group containing: titaniurn, platinum nickel and
cobalt deposited to a thickness of between about 100 to gggﬁggs{bg

The nethod according to aiml wherein said polysilicon | p05|ted
by CVD techni ques including LPCVD and PECVD. 6. The nethod according to
Claim| wherein said thermal annealing is performed by rapid_thernal

anneal i ng ( RT&yhiag away wirheecandinaceys apbiajdaptabpetthdoos apdrosbmoed v a 12 2 %
DEC 2095 inert gas such as nitrogen with a flow rate of between about 3 to
10 seem f ortdbeifivee dualnosiid BSritad abfcabeg treddy cmplEheg fbtihodwnadsoddi ng to
Claim 1 wherein said etching of said polysilicon |ayer is performed by

ti med welm@h4hd dsiungnP@tsdisieum hydr oxi de (KOH). 8. The nethod according to
Claiml wherein said etching of said polysilicon |ayer is performed by

i sotropic plasma etching using a chem stry of Cl12/ SF6/02. 9. The net hod
according to Claim1l wherein said etching away of said second spacer and

said netal r S{ f, amroni um
hydr oxi o5 ( Mﬁb“dsiﬁl@@{do%éﬁ%%dé#"'o’x? F\@%f&&gﬁ(}é&ﬁ% g?lﬁ‘(gtﬁ% S At hod
of fabricatin |ntegr ted,.ci.nc onpr i roviding a
senicond%%?BFgéﬁngr%f%“H§9¥H%%ﬁg H@%Oﬁﬁﬁ?%b ons ogﬁdeP%g?gpn

oxynitrides formed by one of a group containing: thermal oxidation, low-pressure

chemical vapor deposition (LPCVD), and plasma-enhanced chemical vapor deposition

(PECVD).

3. The method according to Claim 1 wherein said second spacers are 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 satd 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.

6. The method according to Claim | wherein said thermal annealing is performed by

rapid thermal anncaling (RTA) at a temperature of between about 400 and 900°C in a




providing a gate structure conprised of a gate dielectric and a polysilicon
gate conductor on said sem conductor substrate; 5 inplanting ions into
sai d sem conductor substrate not covered by said gate structure, thereby
formng lightly doped source and drain regions; formng fLég& geafers al ong
the sidewalls of said gate structure; inplanting ions int L 085

sem conduct or substrate not covered by said gate structure and said first
spacers, thereby formng source and drain regions; 10 depositing a netal

| ayer ovéreltygangichas ditgaee wath adlomirate ofbgivepen apatt 34p e 6¢can tog dpigvec8 our ce and
drain regions, and said isolation regions; 13 2 8 DEC 2005 si nul t aneously
form ng seeonfltsfhseosisin a single step etching conprised of one of a
group containing: titaniumnitride platinumnitride, cobalt nitride,
silicon nitride, silicon dioxide, TEOCS oxide, nitrides and oxynitrides
deposited by LPCVD or PECVD both overlying said netal |ayer along said 15

si deval | §, of,SAkHoPRLErdsl HEMAL! RAC-RMEd NG Sahld p¥Bisalcoh BeF isover sai d
i sol ation regions; depositing a polysilicon layer overlying said second

spacers 1| ...l ayer. f iysecond spacers to a
p g&g rﬁ‘%g;%e(gﬁﬁtﬁ VEAt 3! ugg@%gtagﬁt\ﬁﬂ h gromﬁe?g;tﬁll). p

t hi cknes en about 3 900 Angstro thereafter thermally
anneal i ng said sem conduct or substrate causing said netal |ayer in contact
with said polysilicon | ayer and said source and drain region to transform

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

performed by isotropic plasma etching using a chemistry of Clo/SF¢/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 (NH4OH), hydrogen peroxide (H20»), and water (H,O).

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;
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 {irst spacers, said

source and drain regions, and said isolation regions;

13




into a netal silicide; 20 etching away said polysilicon |ayer that was not
transforned to a netal silicide during said thermal annealing; and etching
away sai d second spacers and said netal |ayer that was not transforned to

a nmetal silicidc during said thermal annealing thereby conplgti-Rg
fabrication of said integrated circuit nmetal silicide. lﬁ) ﬁwgﬁm@aﬁod

according to Claim10 wherein said first spacers are conposed of one of a
group containing; silicon dioxide, tetraethyl-oxysi L,ane (TECS) .oxi de,
nitrides and SEXARINFYIAYIHES FreanhIPaHE ot S138lg S5h FC BB CaMATIHYG:OTORBr mal

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

pl asma- enhaseed cobiem nealitapaporiigiepddinumontrde pREyppitndey sific@ PEEe2005 12. The
met hod according to Caim10 wherein said netal |ayer is conposed of one of
a groupsidiont dioridagiE®S pami:,unridpd atd mxymtrides diedsitechioly OOEDtordéodPted to a

t hi ckness of between about 100 to 500 Angstrons. 13. The met hod accordi ng
to O ai myd oMaeyial Bais aicthi Rokyslohd €6 | ayer is deposited by CVD techniques

i ncl udi ng LPCVD and PECVD. 14. The method according to Claim 10 wherein

sai dst hegmlyadreald g duScRey anrow&qiyi%sai@ apLA 14/ besvERki @RORAb RGIMETA) at a
tenperature of between about 400 and 900C in a inert gas such as nitrogen

with a flow r@E&sﬂfngg%%ﬁﬁoﬂp@&tov%rlgff?lg%%d%@c%%fsﬁd'cexg%ha‘@ﬁ@ metal layer

not covered by said second spacers to a thickness of between about 300 to 900
Angstroms;

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

ctching away said second spacers and said metal layer that was not transformed to
a metal silicide during said thermal annealing thercby 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 (TEOS) oxide, nitrides and
oxynitrides formed by onc of a group containing: thermal oxidation, low-pressure
chemical vapor deposition (LPCVD), and plasma-enhanced chemical vapor deposition

(PECVD).
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about 15 to 60 seconds. 15. The nethod according to Claire 10 wherein said
etching of said polysilicon layer is performed by tinmed wet-etch using
pot assi um hydroxi de (KOH). 16. The method according to Claim 10 wherein

said etching of said polysilicon layer is perfornmed by isg%ggbgﬁ gk@sna
etching using a chemstry of Cl12/ SF66/02. 17. The net hod n o Caim
10 wherein said etching away of said second spacer and said netal |ayer is
performed using a wet etch with a chemistry of ammpni um hxgroxi e (NH4OH)
hydr ogen ! perhexidlod agorsine g Gdeilat by i rpopidractal Ryreistaprered 9pt €5t i ng
integrated circuit netal silicide conprising: providing a sen conductor
subst r at eroaePEginirgolianivon praéigionsicke @ﬁéé@ha%ekmwd 153 thiggneEef 2005

providing a gate structure conprised of a gate dielectric and a polysilicon
gate cohductoaboanl@aiodb08emgsiomduct or substrate; 5 inplanting ions into
sai d sem conductor substrate not covered by said gate structure, thereby
formng lightly doped source and drain regions; formng first spacers al ong
the sidewalls of said gate structure; inplanting ions into said

sem condygtafe iSRGt £RbAINH (QAKETEHhO¥inSAdDogAtIRon SiEUS UsRitaney sai d first
spacers, thereby form ng source and drain regions; fo depositing a netal

| ayer over )yl ng; ﬂgqngﬂﬁﬁ Ef@?@iHBQ%Kﬁﬂbd first spacers, said source and
drain regi ons, and sal %50l ation regi ons;

[4. The method according to Claim 10 wherein said thermal annealing is performed by

rapid thermal annealing (RTAY} 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 polysilicon layer is

performed by timed wet-ctch 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/SFy/Os.

17. The method according to Clatm 10 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 (H,O).

18. A method of fabricating integrated circuit metal silicide comprising:

providing a semiconductor substrate having isolation regions formed therein;
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depositing a spacer |ayer overlying said netal |ayer conprised of one of a
group containing: titaniumnitride, platinumnitride, cobalt nitride,
silicon nitride, silicon dioxide, TECS oxide, nitrides and oxynitrides by
LPCVD or PECVD; sinultaneously etching said spacer |ayer if tjn @ﬁ step
etching to formsecond spacers both overlying said netal é;@ Caa g said
15 sidewal | s of said gate structure and overlying said netal |ayer over
said isolation regions; depositing a polysilicon |ayer overlying said
second spacer oS Esdae HRL m?%@@ﬁ“ﬂﬁgﬁ8@69€Wﬁﬂ“ﬁwd§épbﬂ§§8%ﬁ@espacers to
a thickness of between about 300 to 900 Angstrons; thereafter thermally
anneal i ngerslaitdr sresrid smdowtdoetossibstratat e causing said netal |ayer in contact
with said polysilicon | ayer and said source and drain region to transform
20 Bnto a net abplaitingéedentahekietnidohédiguresence of coaird! lsewohghitspacer s
prevents said polysilicon overlying said second spacers fromreacting with

sai d net ﬁhck@&’,miel@@/%hﬂﬁagbbghﬁﬁﬁgp@%@@:ﬂean@@@ﬁﬂi’cgi@ﬂﬂ wherein the presence of
said polysilicon |layer over said netal |ayer provides a silicon source for

sai d netal si[j.clfe thhahyabeonekiigwsid oM LoNsWMRtdon fromsaid 16 2 8
DEC 2005 25 polysilicon gate conductor and said source and drain regions;

etching away Lﬁsgaggggg@iﬁhéo%gﬁq s&%yc%rq?&c@@rtsummg?og c&&e"i]éhsl&g{;am;galté o a netal

silicide duri ermal anneal 1 ng; an hing a d second

spacers and said, netal | ayer .that s.not transfornmed to
P structure and salé ﬁrst spacers, t}lergby %%l?mmg source and drain régions;

10 depositing a metal layer overlying said gate structure, said first spacers, said
source and drain regions, and said 1solation regions;
depositing a spacer layer overlying said metal layer comprised of one of a group
containing: titanium nitride, platinum nitride, cobalt nitride, silicon nitride, silicon
dioxide, TEOS oxide, nitrides and oxynitrides by LPCVD or PECVD;
simultaneously etching said spacer layer in a single step etching to form second
spacers both overlying said metal layer along said
15 sidewalls of said gate structure and overlying said metal layer over said isolation regions;
depositing a polysilicon layer overlying said second spacers and said metal layer
not covered by said second spacers to a thickness of between about 300 to 900
Angstroms;
thereafter thermally anncaling said semiconductor substrate causing said metal
layer in contact with said polysilicon layer and said source and drain region to transform
20 into a metal silicide wherein the presence of said second spacers prevents said polysilicon
overlying said second spacers from reacting with said metal layer covered by said second
spacer and wherein the presence of said polysilicon layer over said metal layer provides a

silicon source for said metal silicide thereby reducing silicon consumption from said

16




a nmetal silicide during said thernmal annealing thereby conpleting
fabrication of said 30 integrated circuit netal silicide. 19, The nethod
according to Claim 18 wherein said first spacers are conposed of one of a

group containing: silicon dioxide, tetraethyl-oxysi |ane gﬁk ozdﬂgg,
nitrides and oxynitrides fornmed by one of a group contai DtLh I

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

pl asma- enhanced chem cal vapor. deposition, (PECVD). 20, The nethod

accé? di ngolyaliemagaigeopgusipetdisaidsanege Aat Y12 159%8PS: s conposed of one of a
group containing: titanium platinum nickel and cobalt deposited to a

t hi ckness of ciblengewny stidnelyaoeonleys oot aagsetrtsmslonpedto appealygifidd accor di ng
to Claim18 wherein said polysilicon layer is deposited by CVD techni ques

i ncl udi NGuiiiRCMI thoch PEGBIing 2nd The nmet hod according to C aim 18 wherein
said thermal annealing is perforned by rapid thermal annealing (RTA) at a

t enper at ure oftchial Weensad estbnd §cabdn®@QR Gciahlager thmevds ngasasigmedso ni t rogen
with a flowrate of between about 3 to 10 seem for between about 15 to 60

seconds. a%ta@_siTicB%ngH%:@ai@%emﬁﬂ%nﬂ@a‘lih@%e?&ﬁ@%@ipﬂﬁn% Qb Al K8apher ei n sai d

etching of said polysiTicon layer is perforned by tinmed wet-etch using
pot gasi uﬂh‘%%‘?éﬂr&% (K Dici®d. The nmethod according to Claim18 wherein
C I of “sald po

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

(PECVD).

20. The method according to Claim 18 wherein said metal layer 1s composed of one of a
group containing: titanium, platinum, nickel and cobalt deposited to a thickness of

between about 100 to 500 Angstroms.

21. The method according to Claim 18 wherein said polysilicon layer is deposited by

CVD techniques including LPCVD and PECVD.

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 sccm for between

about 15 to 60 seconds.




performed by isotropic plasma etching using a chem stry of Cl12/Sp' 6/02. 25.
The met hod according to Caim 18 wherein said etching away of said second
spacer and said netal layer is perforned using a wet etch with a chem stry
of ammoni um hydroxi de (NH4OH), hydrogen peroxi de (H202), t (H20) .
of 2% DR s

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 Cly/SFg/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 (H,0).




