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1 METHOD OF FORM NG A SI LI Cl DE LAYER USI NG METALLI C I MPURI TI ES AND 17 S’y
PRE- AMORPHI ZATI ON FI ELD OF THE | NVENTI ON The instant invention pertains to
-sem conduct or device fabrication and processing and nore specifically to a
met hod of formng a silicide region. BA CKGROUND OF THE | NVENTION Titani um
silicide has becone the nost w dely-used silicide in the VLSl industry for
self-aligned silicide applications becpuse of its.conbined characteristics
of lowresistivity, the ability to be self-aligned, and relatively good
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problems in its use. JMAURIAIES AND PREAMORIHIZATIONS as either an

ort hor honbi ¢ base- centered phase having 12 atons per unit cell and a
resistivity of about 60-90 m cro-ohmcm (known in the industry as the C49

phase -- see FIGURE 1), or as a nore thernodynam cally-favored orthorhonbic
face-centered phase which has 24 atons per unit cell and a resistivity of
about 12- 208;.' 0- s the C54 phase). Wen using the

general | y- ace ditions for formng titaniumsilicide, the
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anneal i ng stpzpcdssinged moge spdificaligtoadnstod deOHhﬁ\%(B/ﬁﬂéiaG‘%Q Pnbecause it
can have detrinental effect sﬁgn thg silicide and other int egr%t ed circuit

el ements, especially at smaller |ine-wdths. For exanple, the increasing
use of dual -doped polysilicon gate structures in sone devices has increased

their sensitivity to additional heat cycles, as is required by the second
anneal st epﬁéﬂéwmllﬁéﬁing and cracki ng have been
2,{5 ZBC: ﬁ:; ?ga\é\‘éts h Pf\lﬁnglﬁﬁ %@%i%&ga%%eicg&eihg Pr'\osltzgvri e ?ftl.%%iies’ilictigee inS ﬁﬁaoﬁﬂsran neal
industry for self-aligned silicide applications because of its combined
characteristics of low resistivity, the ability to be self-aligned, and relatively good
thermal stability. Although TiSiz has certain advantages relative to other
silicides, the fact that it is a polymorphic material presents additional problems
in its use. Specifically, in typical use TiSi> exists as either an orthorhombic base-
centered phase having 12 atoms per unit cell and a resistivity of about 60-90
micro-ohm-cm (known in the industry as the C49 phase -- see FIGURE 1), or as a
more thermodynamically-favored orthorhombic face-centered phase which has
24 atoms per unit cell and a resistivity of about 12-20 micro-ohm-cm (known as .
the C54 phase). When using the generally-accepted processing conditions for

forming titanium silicide, the less-desirable, higher-resistivity C49 phase is

formed first. In order to obtain the lower-resistivity C54 phase, a second high-



drai n series resistances, thefeby degrading (i.e. decreasing) the device
drive current. A typical set of processing conditions for formng titanium

“silicide include: (1) pre-cleaning, (2) titaniumdeposition, (3) silicide

formation at a tenperature about 700[err]C., (4) selective etching, and (5)
a phase transformati on anneal at a ten%)erature greater than about
700[err]C. It is the phase transformat4£on anneal that converts the dom nant

C49 phase to the C54 phase. The initi I rrratlon tenperature i s kept about
700[err] C or‘e‘BBF@\W‘ieﬁ“B?ﬂE\gsf"cP igFeuiiede THPSpCONSlRY zEsrf‘idd R§eoYhe second

transfor mat iyaf, ABR&3h Have REETNIRL R 6h (R MIidife aﬂc?@i%ﬁﬂlté%rr eﬁ' Iy, fras been

selectively renoved and 1s generally perforned at tenperat s of
50[ er r] - 200 [ebammdr®s, abpaciallyla sineHlerdineonidtlemFer examplet the imseaseng wdel of

transformation to the C54 phase for best contral heet si.st ance.
However, as db‘é(/{i‘c‘,%e$?ﬂ§s'\lkf‘81 @ SIRrtugep insamee ‘%‘f‘VYﬁsgﬁf t‘}fﬁ"@é inue to be
scal ed dom’set'\stltl‘h%‘:MIﬁdiﬁ'l h@ar&d&eaé 3 rédaoyeﬂhb@bdﬁﬁ%nhgﬁ s'?@ﬁd for this
second anneal step, as discussed further bel ow is generally accepted

that the CARlphaiwon oitride peelsig dndcaackingdiava blem\msosaﬂetiamﬁl theemegynd han t hat
of the C54 phase., In other, words, the higher surface e of Co4 phase
forms a hi gRERSUIGERP: TR HIEBTORo e Eqre PRETISIEP G E M EPWERB mat | on
anneal st ep Wggdedifs &Ei@taﬁ&én@@féﬂ: y Beg ﬁ%@p%@reﬁélﬁéj geeleliRe daddi ti onal

t hermal energy necessary to both”overcorme the nucl €ation barrier associated

wi t h form ngutreet. new surface and grovm ng. the crystalline structure of the
new y-formng C5 VLSI. ap I f ha e.transformation
S i bi tod of aiRset of hedering Rppdiia O orating LRI RB RIS cuf

per for rrancem&m{gagﬁr ‘x‘é‘«@leax‘uﬂ i@f@taﬁiu&h&é déﬁfofno(%%ﬂe%ﬁﬁéﬁ&rﬁat athe RC del ay
associated wth a poor § ransformation 1s typically about 5-10
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anneal that converts the dominant C49 phase to the C54 phase. The initial
formation temperature is kept about 700°C or below in order to minimize over-
spacer bridging. The second transformation anneal is performed after any un-
reacted titanium has been selectively removed and is generally performed at
temperatures of 50°-200°C above the formation temperature to insure full
transformation to the C54 phase for best control of sheet resistance. However, as
device line-widths and silicide film thickness continue to be scaled down, it
becomes ever more desirable to eliminate the need for this second anneal step, as
discussed further below.

It is generally accepted that the C49 phase forms first because of a lower
surface energy than that of the C54 phase. In other words, the higher surface
energy of C54 phase forms a higher energy barrier to its formation. The second
transformation anneal step used in the standard process above provides the
additional thermal energy necessary to both overcome the nucleation barrier
associated with forming the new surface and growing the crystailine structure of

the newly-forming C54 phase. In VLSI applications, if the phase transformation



phase transformation is excessive, then a norphol ogi cal degradation of the
titaniumsilicide results, which is commonly referred to as aggl onerati on.
‘As line-widths and silicide filmthickness decrease, the thermal energy
required to affect the C49 -to- C54 phase transformation increases, yet the
thermal energy level at which the silicide filmstarts to agglonerate
decreases. Thus, there is an ever-shrigking process w ndow for performng
this phase transformation, making process control and uniformty nore

di fficult toisachibibedor faflstp oqcnevriferanly, adaggadasiondn cirekit BRRERIMANCRE f or
formng the G54 pha | i .1-ho LI ;
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above. Elim pgdrighgsd RensieeaitibnanfigidallpabshicilOpercehtr educe the probl ens and
limtations resulting fromaggl omeration of silicide filnms duyring the phase

transformation arfheanificandimiitian dnthe 4P CfpopreFmrmatoRdtificed in
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i nvol ves eithe epositing a actory neta precursory netal" on
a silicon | ayledse Slansfofraatimiis leycessive uhér amorpleoldgiedlidagtagintionof tle” into the
silicon |layer followed i diately by depositing the "precursory nmetal" on
the silicon Yigpem siipide gesufs.whigh iirgmaenly refgired t9 axAgEIRERHBR: 6F the | ow
resistivity gili e LOL. o - I | a few
br obi e, | WPl PURE e ihifesb Bt Eank, B Blermbal MR PRS2 i mg
mol ybdenum odffdctithg 149ntd) €5¢phasesrargienatipa irmdreases, et the thestral bnergy si | i con

and the titanium |l ayer so_as to reduce the tenperature subsequent
anneal s st epgvel@t ydughghe P’é‘ﬁ@?éﬁl%Sfad'tsttﬁéggﬁﬂ‘eﬁﬁﬁéiéc@?qeﬁcﬁ]'é% &%%9%‘?“ W Mann
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titanium silicide without requiring a second high-temperature annealing step, as
in the generally-accepted process above. Eliminating the second annealing step
would reduce the problems and limitations resulting from agglomeration of
silicide films during the phase transformation anneal.

One solution to this problem was introduced in United States Patent
5,510,295. The solution introduced in this patent involves either depositing a
“refractory metal” and a “precursory metal” on a silicon layer simultaneously or
putting the “refractory metal” into the silicon layer followed immediately by
depositing the “precursory metal” on the silicon layer. While this method
facilitates the formation of the low resistivity silicide layer (i.e. C54 phase TiSi2),
this method has a few problems.

In a related published article, a method is detailed for putting
molybdenum or tungsten between single-crystal or polycrystalline silicon and
the titanium layer so as to reduce the temperature of subsequent anneals steps so
as to transform to the C54 phase silicide. See R. W. Mann et al., Reduction of the

C54-TiSi, Phase Formation Temperature Using Metallic Inipurities, SILICIDE THIN



crystalline defects and no anorphous regions” in these regions for the

met hod of this publication. Hence, this publication only relates to the
“lowering of the annealing tenperature required to transforma titanium
silicide layer into its G 54 phase by the inplantation of noly into
silicon regions (followed by an anneal to elimnate any defects introduced
by the inplant) prior to deposition and annealing of the titaniumlayer. As
was di scussed above, this nethod suffers fromthe sane deficiencies as
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processes acfyseven~l ow sheet. resi ce sidicide regions,for an the gate
structures, H?g)s grhﬁrlgléjzasrgtgéo%gfsﬁgty%? SIPWI(OI\?VO d h)glé‘%o g‘gs"’:fr@t‘eéﬁé@ 2 f‘ﬁf%rf de

regi ons on tdibsGamrorgolifcaystallifgsilicen (“pbly "y Saglayoicadbest Reryt feldni um wi t h
polycrystalline silicon may formlow resistivity C54 phase TiSi2 in the
presence of Fpstplbige siefRctspdma raarphaus regiqnsp inbthesesiegionsibarthe methed ofy t he
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i Il ustrates itieallidtetngestiesireqnirpd by @ayssd @t h titmishisilkate 1u$errigtoq&ecnf the
two aforenentioned prior art processes, and FIGJRE 2(b) illustrates the
silicide forteehass byithgyimplantgdenof moly intasiliceq ragiophdodemied by araargal Anot her

probl em wi t h_the.. i hS that 1t 4 ifficult to
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have a gat e dr@eglity of tht egmitndayed. As Magidisassed abovSHRB/ARYhddsuffdes | N VENTI ON
Basically, the nethod of the instant invention overcones this problem by

anor phi zi ng fEomdhe sone deficiesrcies ag Ugited States Jatant Numpr §010R%.sour ce/ drai n
regi ons so that L.esSLShivi i) i.cl g i f in_ these

regi ons. Accordi tﬁgﬁ%‘iﬁ?ﬁ‘é’°6§°§§‘2‘%’f&{+’#\§eﬂ§? %éc?%%sg?}ﬁlg?%%lvé&bere gl\[/elg%(taaé‘ Igea met hod of
maki ng a tr ailiidd egidng Yorngedeorsihkigatedticpats tisdse pedcdsses Ho vt ey di sposed
over a silicon surface of a sem conductor substrate, the sU cide having
first and s&hegtdesistancesilicideregionsonshesaurersidsynregians. i therreagtion; ofiths

titanium with polycrystalline silicon may form low resistivity C54 phase TiSiz in
the presence of molybdenum impurities in these processes. However, using the
same process, the C49 phase TiSi2 will form on single crystal silicon (100). This is
illustrated in FIGUREs 2(a) and 2(b). FIGURE 2(a) illustrates the TiSiz formed on
polycrystalline silicon using one of the two aforementioned prior art processes,
and FIGURE 2(b) illustrates the silicide formed on single crystal silicon (using the
same process).

Another problem with the two aforementioned processes is that it is
difficult to form silicide regions with low sheet resistance on gate structures that

have a gate length of less than 0.1 microns.



t han the second phase, said nmethod conmprising the steps of: formng a
conductive structure conprised of silicon insulatively di sposed over said
-sem conduct or substrate, and defining source/drain regions of said surface
on opposite sides of the conductive structure; introducing a silicide
enhanci ng substance into said conductive siructure; anorphizing a portion
of said conductive structure; formng & netal |ayer on said conductive
structure; and after the introducing, anorphizing, and form ng steps,
reacti ng sai SUMMARYIQF FHEMNMWENEION on of said conductive structure to form

the silicide, injts first as n. sai d. conductive structur T,
conductive struct 53{1%,tﬁ?)w§p@‘§drglt ‘%“‘é%HgH"%%%?‘:’er&"dﬁ%sd*ﬂ%(ﬁfﬁglﬁﬂ ic;)gn,
undoped pol yghbiph#ing &RRbp PSR otithd £A8str@tuRhdgoFtlietauiteyididir kqhbns
Preferably, the S|I|%|de enhanci ng Substance is conprised of: nol ybdenum
Co, W Ta, No, thRuthe@pwernesistivity silicide yeadily dormsdndhesayegiondi nati on t her eof .
The metal layer is, preferably, conprised of: titanium Co, W M, nickel,
platinum palladium and any conbination thereof. In another aspect of
the instant invenih eibodinentBl thedndiaitliftintioned dfRshddef maldpg af performing
a low tenperature anneal step after the step of formng a netal |ayer on
the gate st riansister hawieg 2 silipidpd gatestiuginre Bplatizelydisposedarerst ep i s

conprised of subjegtin e.tr i st of ' ss O 600C
(more pret orsBtsotielt b gt B0 BlsBia cobbul- BIENER 3Bt BE LBnfEF®2 o1 i 2i no
a portion ofcdrid@cernstitctiréensdatielyudisposed deeoiiplseraltetddistor sibsadtesi ng an
anor phi zi ng substance into the conductive structure. ;rhe anorphi zing

subst ance i sintiedutingalsilicidecenhpneing gubstancainto tae candughine #iA8at i on t her eof .
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layer over s@indusiRsitidt@re; {ddivhgem the nictallayeaieteraomsaritls dietsilididel! at i ng
| ayer doping the silicon |layer; and etching
enhancing substance in the amorphized portion of the conductive structure so as

to form a lower resistivity silicide on the conductive structure. The conductive
structure is, preferably, comprised of: doped polysilicon, undoped polysilicon,
epitaxial silicon, or any combination thereof. Preferably, the silicide enhancing
substance is comprised of: molybdenum, Co, W, Ta, Nb, Ru, Cr, any refractory
metal, and any combination thereof. The metal layer is, preferably, comprised of:
titanium, Co, W, Mo, nickel, platinum, palladium, and any combination thereof.

In another embodiment of the instant invention, the method further
includes the step of performing a low temperature anneal step after the step of
forming a metal layer on the gate structure. Preferably, the low temperature
anneal step is comprised of subjecting the transistor to temperatures in excess of
600C (more preferably, around 700 to 800C).

Preferably, the step of amorphizing a portion of the conductive structure
is accomplished by introducing an amorphizing substance into the conductive
structure. The amorphizing substance is, preferably, comprised of: As, Ge, or

any combination thereof.
I
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portions of the silicon layer so as to formthe conductive structure.
Preferably, the step of introducing the silicide enhancing substance is
"performed prior to the step of etching portions of the silicon-layer. O it
may be perforned after the step of etching portions of the silicon |ayer so
that the silicide enhancing substance is introduced . into the conductive
structure and sourcefdrain regions forged in the sem conductor substrate.

I n anot her aspect of the instant invention, the nethod further includes the
steps of : i ntr odiehngthsoetbeditteat of the pattrg inventiosahestepwf &eidngirn r egi on;

and perform ng ,a source/drain anpegl step at ,an elevated tepperature. The
step of anorBRAYSHE SirusBire i‘s(ﬁﬁ’nB?“sFﬁQf @Eﬁ@ﬁ?@?fﬁ@"‘é‘fﬂ%ﬁj‘?‘éﬁ‘@gﬁ Fef erably,

per f orned afl{lfé'r ihdia diRpodRaIdveF HeRBmitonQUEeLélsah I, aopeglthst ep. The
portion of the sem conductor substrate where the source/drain dopants are

i ntroduced memicondueyvelsyerhandetchipgipoetiorgiof ithesentieorstusiivelayanssr gozi ng a
portion of the conductive structucte.. In ap alternative. aspec the step
of int ro_ducifﬂB“ 1%§ﬂr@!uagv%% '&en resfffﬁgkyaﬂk?ék?pn?fd&ﬂ%uc&%Brfcsﬁw(ié structure
i's conpri se¢RhndRP SPstdridd isper¥Rled Priok &?tf@lskép%f@&hﬂ&w?mwgoﬁw@s_t ance over
at least a portion of the sem conducCtor substrate and the conductive

structure arsdmicaductive layer; duiy rpasformied afipribe stepaf eichingparsioaneethgi t h t he

conductive structure. 7 BRI EF, DESCRI PTI ON. OF F RE 1 is a
oraph 111 us SPEVERCEhieday S 0 teT e R g SUMTS U PRAaTHE F DS EEE ¢ or e
using a conyrakdRRRkVS btrhdtiSanAIsdaRe P dfdiPvegidrs Goitisd @(the s@RitoRdidtonr € x-ray
diffraction patterns show ng the phase of the silicide regions fornmed on

pol ycrystal Isubgirasé.l i con and single crystal silicon, respectively, using a
1 st rati gt heleadBe Ssotshmenthis et BFefRE it eRoatnidel on " cres
4a-4f are ChHRGSASARE RPALE \th@YSudihg stkiréeydriifl doPRnB NGRS sdMicOhd i teleVi ce
using the nmethod of the instant invention illustrated in FI GURE 3.

substrate in locations which are adjacent to the conductive structure; and

performing a source/drain anneal step at an elevated temperature. The step of

amorphizing a portion of the conductive structure is, preferably, performed after

the step of performing a source/drain anneal step. The portion of the

semiconductor substrate where the source/drain dopants are introduced may or

may not be amorphized during the step of amorphizing a portion of the

conductive structure. In an alternative embodiment, the step of introducing a

silicide enhancing substance into the conductive structure is comprised of

depositing a layer of the silicide enhancing substance over at least a portion of

the semiconductor substrate and the conductive structure and reacting the layer

of silicide enhancing substance with the conductive structure.
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FIGURE 5 is a graph illustrating device characteristics of devices
fabricated using the nmethod of the instant invention and devices fabricated
“using prior art nethods. FIGURE 5 illustrates the resistivity of a
conductive gate structure an overlying silicide |layer formed either by the
met hod of the instant invention or a conventional nmethod. FIGURE 6 is a
graph illustrating the resistivity of 7a conductive gate structure having an
overlying silicide layer formed using a prior art nmethod of form ng the
silicide reBRIEF PESCRIPTION OF THEPRAWINGSr ati ng t he source/ drain sheet
resi stance of the, i nt i nventi on | ot s, .7 nd ¢ ior art
nmet hods (plots 7%éégﬁgalfﬁgﬁFaMK%ﬁ%ﬁf%%ﬁ%&gﬁg@Yﬁm Wil e the
fol | owi ng def&ideptdratedalsingecdnvehastal bilivieiprédess o ves around FI GUREs
4a4f, the instant invention can be utilized in any sem conductor device

structure. The i FEGHREs 2(@)and 2Mharex-raysliffeastipr paisernp shawingdhe Bhassotany

silicide regjon. Wile referr i IS

nol ybdenum qh? ﬁlgfl\éhﬁé?%lf’%'%ﬁé&gggﬁ P géﬂ{%{t&{ﬁé %lgc : ; Qgr:ﬂ%?gi?gﬁx‘ﬁbe used.
The pr ef er r edspectiBelq/@simha piiogart HRsiansidotmingthé siticide réegivms. t he

si | i con-cont ai ni n? ayer or substrate, preferably acconplished by a

pr eanor phi zat i on FlGHRERSts g flpw chprt ijlustegtingdhe methad ofone gmbogipent of

subst ance/ eltgmeng can bgl Il{sed so that it causes the silicon- containing
layer or subSt PR PER e anorphous for at least 10 to 30 nminto the

| ayer or substralFeGUREs 3414 dre efbss-shitbaall iewpiikbaatiggitirigrocdssiagshterial is
titanium other materials such as Co, W My, nickel, platinum and

pal | adi um medevise usingdhe meshadof| theinstang inventipr ilistiatedin E1GHREGd of the
instant inventio ' r.evolve . F ; . Referring to

FI GURE 3 and 4a, %5‘3@;? rsa{? %%Eﬂ?gl lﬁéﬁ%lr}% idtfggég Eﬁ%’agéggtﬁcé%glﬁgflégteri c is forned
on subst r at gakidtdBliiRg BRheth&dbEthe instant invention and devices fabricated using

prior art methods. FIGURE 5 illustrates the resistivity of a conductive gate
structure an overlying silicide layer formed either by the method of the instant
invention or a conventional method.

FIGURE 6 is a graph illustrating the resistivity of a conductive gate
structure having an overlying silicide layer formed using a prior art method of
forming the silicide region.

FIGURE 7 is a graph illustrating the source/drain sheet resistance of the
instant invention (plots 702 and 704) versus prior art methods (plots 703 and

705).

DETAILED DESCRIPTION OF THE DRAWINGS

While the following description of the instant invention revolves around

FIGUREs 4a-4f, the instant invention can be utilized in any semiconductor device
structure. The instant invention is applicable to the formation of any silicide
region. While the preferred silicide enhancing substance is molybdenum, other

materials such as Co, W, Ta, Nb, Ru, or Cr can be used. The preferred



dielectric 402 may be conprised of an oxide, thermally grown SiQ2, a
nitride, an oxynitride, or any conbination thereof, and is preferably on
‘the order of 2 to 10 nmthick. In step 302, silicon-containing |ayer 404 is
formed on gate dielectric 402. Preferably, |ayer 404 is conprised of
polycrystalline silicon ("poly" or "polysilicon"), but |ayer 404 may be
conprised of epitaxial silicon or any gther sem conducting material. Next,
a dopant is introduced into | ayer 404 so as to increase . the conductivity of

| ayer 404. Tanerphizipgsubstantetoirodiceintghesiliconrrontaminglayes o subsiratii ve t he

dopant into | ayer, 404, . iV e B &Ladvesd,when the
sour ce/ dr ai nP ?e%rﬁglglsa 5?@){’1%{623%’}%%g%{%lgghg?aq%g?ﬂ%ﬂﬁgéelgﬁa{'%ﬂi S poi rﬁt .
Ei t her bef or gasMutahly etubitascedelpaent ¢an Henised sol tred iticatses tayslicot84 and t he

anneal step is performed, a silicide enhanci subst.ance 406 i s .iptroduced
into |ayer 4entgiginglagergr supsizatpip ‘gecsg@e@mfﬁ gusnéf %trIFaaqﬁp o ?Q)“% ’qu n the

formation of uwiSeydiasGbstded. iRy, WA HOPrerdiedl SEAR dhatcdafisS! |1 C1 de

enhanci ng su% ce Is conprise However, as stated above, this
subst ance naitdpeurnosther setkriafs sominys o, fWeMentickél gpletitegmpandhpatadiximat i on of

el ements. More specifically, the silicide enhancing substance is preferably
a subst ance MR¥PPeS8Rot es the formati on of C54 phase silicidation of a

| at er deposited netal. Most likely this 9 nmeans that when the subsequent
metal |layer is deposited on | ayer 404 (which has a fairly high
concentration of Thefolowirg dimcrptiameithgmettsst eftbeinatant fryenpipewiltost

f it wl ith [ t 4 Siligi I tl AR
U La0e) L bt Pl el ettt e i sty Ty
step. Pref _er@dd%@me&aﬁa &gQH% &a@&nsisrfgnﬁ&p%ﬁ m&at@mm}emgd dapd 0 | ayer

404 using ion i antation. wever, this substance may al'so be introduced

into or on | diekesctritOW2myaydespmenprised of ke osidbsthamealyogrown Si@era riGide, pnef er abl y
by PVD or CVD). Preferably, the source of .{he silicide en ncif bst ance
is solid mol PHAdEIde ST oenkimRticRy eseof, aRd i Prefesalaly, g8 s oncter A gfy 404 is

around 10[ergh, thick, In step 302, silicon-containing layer 404 is formed on gate dielectric
402. Preferably, layer 404 is comprised of polycrystalline silicon (“poly” or
“polysilicon”), but layer 404 may be comprised of epitaxial silicon or any other
semiconducting material. Next, a dopant is introduced into layer 404 so as to
increase the conductivity of layer 404. This is preferably followed by an anneal
step so as to drive the dopant into layer 404. Alternatively, the dopant may be
introduced when the source/drain regions are doped, instead of being doped at
this point.

Either before or after the dopant is introduced into layer 404 and the
anneal step is performed, a silicide enhancing substance 406 is introduced into
layer 404 (step 304). The purpose of this material is to aid in the formation of C54
phase silicide on layer 404. Preferably, the silicide enhancing substance is
comprised of Mo. However, as stated above, this substance may be comprised of
many different elements or a combination of elements. More specifically, the
silicide enhancing substance is preferably a substance that promotes the

formation of C54 phase silicidation of a later deposited metal. Most likely this



to-10[err] atoms/cnferr]. The inplant energy of the noly is preferably
around 35 keV and the noly dose is preferably around 1 x 10[err] to 5 X
"10[err] atons/cnR. Furthernore, step 304 may be perforned after the gate
material is etched (so as to formthe gate structure) in step 306.
Alternatively, the silicide enhancing substance (preferably noly) may be

i ntroduced after step 308 or after step 310. Referring to FIGUREs 3 and 4b,
in step 306 a pattern (not shown) is forned on | ayer 404 and portions of

| ayer 404 arnfedrenitadhanthasubseqhatmgaltleyetis degosited 40 ByeP4Qf (eridth rag his i s

acconpl i shed by an ani sotropic ch,_step, . but one of ordinary skill in the
art w il kndWREbhEg CB%‘?GPHF‘F;‘P‘E Héé"@ slicidesnhrmng: B‘PE‘F]‘“S#‘EBQ}S T8t ep 306,

| mpl ant s T org, |4, glytd %ilﬂ&%?é%ﬁﬁé&?ﬁ:%k&% S1fg bipbdibr Gifl nidre@bddily This is a

standard processi'ng step MOS structures. Reférring to
FI GUREs 3 anchrdform fromttbpC39phaseitol dvweCH4 ppae by sfollowing anrfeal stepl.  Pr ef er abl vy,

si dewal | spacers_ar.e ri sed, of .oxygen,, nitrogen,or a.conbingtjon of the
two. Next, sour cgf‘ifF’éﬁE'r'TBFgﬁ%&h eeﬂ’ff‘ ﬂg sb‘?%?%?é%ﬂpl"f'btfaﬁggo Ryer anting
boron, phospRa{OWa ’img[h‘?l/tzﬁ_fon?'}ﬁ%ﬁs&r,'tﬁfs Qubﬁﬁu&mﬂﬁ e ARddRESd RiEFbNY an
anneal step (shown as region 416 in FIGJURE 4d). "“Step 308 is a standard

processi ng sindpyérfObRpNMepositing diesubsenceonie byest)4f(proferablRdlydi¥Pog t o st ep
310 of FIQ&U d, Fl 4d, t t ti f. ; ti t
str ugf[ ure i ?’E‘éﬁﬂbra[%ﬁfef@g‘;ﬁg? ?ﬁj‘rf%_gethégﬂg@eg?ﬁﬂ?g%r ?%ﬂ%lﬁ(ﬁ:&gcg? iColnYeI %aoﬁe
enbodi ment Qﬁolgﬁéedtﬂﬁ hAd the dOUEHH 8B of MeSsubStance ihPayRe 40RlakSlRI1(Y

i npl anti ng an anor phi zi ng substance, preferably Ge’or As, into gate
structure 40810% ammsnedg¥hé¢ Enplhntqnegdyeofabe moly sprefesblkargund 3§de¥

o Temved FAATRbRe SRS PRiaNgsad DR LPLRAr JOSP B TR O er 1) 1o |
3x100er1]) SRS 5P fal Be poHSRnddEHATRE Pt ARk iictiaqdpds 10 10 50
nm (preferably on the order of 25 to 35 nm re preferably around 30 nm
i nto the uppefornogie gaterstacairefingtepsd06t AltetnativelyDBe siftvide enfengihgus region is
denoted as Su sitgrll’]celt}%%férgblg lm%f)%E mg)g be %nr)croduced after step 308 or after step 310.
Referring to FIGUREs 3 and 4b, in step 306 a pattern (not shown) is
formed on layer 404 and portions of layer 404 are removed so as to form gate
structure 408. Preferably this is accomplished by an anisotropic etch step, but
one of ordinary skill in the art will know how to perform these patterning and
etch steps. In step 306, implants for lightly doped drains 410 are performed (if at
all). This is a standard processing step for both PMOS and NMOS structures.
Referring to FIGUREs 3 and 4c, in step 308, sidewall spacers 414 are
formed. Preferably, sidewall spacers are comprised of oxygen, nitrogen or a
combination of the two. Next, source/drain regions 412 are preferably formed
by. implanting boron, phosphorous, and/or arsenic into the substrate and
performing an anneal step (shown as region 416 in FIGURE 4d). Step 308 is a
standard processing step in DRAM and logic device process flows.
Referring to step 310 of FIGURE 3 and FIGURE 4d, the upper most

portion of conductive gate structure is amorphized using the method of the

instant invention. In one embodiment of the instant invention, this is



an-al ternative enbodi nent, noly, any noble gas, Si, BF2, or Bis inplanted
into the gate structure so as to anorphize the upper nost surface of the
"gate structure. Generally, any substance may be used as the anorphizing
agent, but, preferably, not substances that degrade the device (such as Cu
or Fe). In another enbodi nent, the anorphization is perfornmed on both the
upper surface of the gate structure a t he upper surface of the substrate
in portions of the source and/or drain regions. Referring to FIGUREs 3 and
4e, in step @idnplisietibyrisnpddntingsul aborphidinyebsthie, pesfetablyeGe bedssiat@as t o
formgate insulator 422 and to expose source/dr ai igns. In an alternate
enbodigrrent, gaﬁ%ﬁf%?ﬁ‘?é%?é%? enrseyY eé’elr(BfefF@Eg(\fgﬂm?i?:ié ﬁ%@‘ﬁ%?‘h‘t“?mﬂl@&, met al
424 i's deposjoh egv&d tAotr&l Uit Hégtffoﬁ’s%d(arauﬁ&_@o 5811 i#70s Wagdwdlifje gate
structure is anorphous and where the noly resides fromstep 304. In

addi tion, nehese ates) it dbsagakpreferabilparanmddud 0% to B A *psufhicibnt aoumghitsed of
tungsten, nolybdenum cobalt, nicke l.atinum . or . pall.adi 1S fornmed on
Si'dewal | i naalsh OF Empratiznier ofeSebio Gl nst et Ean dfSorier ebfive. 416
(however, i rESUnAt-Ghort Qe BiblPArouRl B0 RO VRtolthe 8Fpdr3RbR 8RR dtgatd avoi d the
formation of a silicide over source/drain regions 416 in this step).

Ref erri ng t stRrOURENB ThislarppbRESs #giorsisidenpidd as eegiom2UAFIGHREARB Iar e
formed in step,314.. Silici.ded regjons be forped gnly gn gate structure
408, only | ARRGREALR PR PEGRdlvaTs Fae 87 BOBRE oF ot detantiaBioct s\ he
formation ofth&jtk sirdeurea £NS aftdPplandirk ;fePHto?péHrﬁ@égf&!egaEeeg' ons 416 and -
gate structure 408, respectively). Preferably, step 314 1S conprised of

reacting thetrpetuge. Genenallynany substatee nayriy usediae hedouirphizirgpagens buy,

performng a silicide formation ste t.a,tenperature of arqund 700 to
780C Usi no Prgrlbt Aot BpRnes Pl Efadt e drrirb ot o grge- I Another

hi gh- t enper ahiboRiméida hnﬁﬁﬁﬂ%z&t‘ﬁorﬂ@?eﬁ%ﬁé&éﬁ BothQhé G?Béf AL Sbf dhe! de ,
regions 426 and 428 to their low resistivity phase (1.e. C54 phase for Ti)
because t he ghtewtiueksire and tteyupgier seifate ofilid substrite impdrtidns et theysoarrer egi on 408
(after the degfsi&ion of the metal and the | ow tenperature anneal discussed
above) V\IhiCﬁn or raimn regions.

Referring to FIGUREs 3 and 4e, in step 312, portions of insulating layer
402 may be etched so as to form gate insulator 422 and to expose source/ drain
regions. In an alternate embodiment, insulating layer 402 is not removed at this
point. Next, metal 424 is deposited on gate structure 408 (in the region 420
where the gate structure is amorphous and where the moly resides from step
304. In addition, metal 424 (preferably titanium but it can also be comprised of
tungsten, molybdenum, cobalt, nickel, platinum, or palladium) is formed on
sidewall insulators 414 and the substrate over source/drain regions 416
(however, insulator 402 may be left above these regions so as to avoid the
formation of a silicide over source/drain regions 416 in this step).

Referring to FIGURE 3 and FIGURE 4f, silicide regions 426 and 428 are
formed in step 314. Silicided regions may be formed only on gate structure 408,
only in source/drain regions 416, or in both. FIGURE 4f depicts the formation of
silicide regions 426 and 428 (on source/drain regions 416 and gate structure 408,

respectively). Preferably, step 314 is comprised of reacting the metal with any



has a fairly high concentration of the silicide enhancing substance at its
upper nost surface and i s anorphous for approximately 15 to 35 nmfromthe
-upper nost surface of the structure. Hence, when the silicide is formed on
gate structure 408 it nost likely will formthe C54 phase as opposed to
formng the C49 phase. Therefore, since silicide regions 426 and 428 are
already in the C54 phase a subsequent Mnneal (typically used to transform
t he deposited netal and the underlying silicon from C49 phase silicide to
C54 phase sikideriga)g stagsormhictdravgionsobibperfenfiog reilicidpffpiraatidrestemat ant

invention is described with rega tqQ the aboye .process, f]ow _another

enbodi ment i tprrAterept areuyt T({Pqﬂﬁj&ergﬁf‘g eo‘@@ég’dﬂf .  IDRBPEITY B%@?rf'iacal ly,

step 302 is g&&%@-ﬂteggae@&u @ ah a6 M trRcdsBiyitd tiaRgfotARicidnNd the gate
, Steps 6 and

material . Nex nd 308 are performed So as to formthe gate
structure, tregionDEPGandi8 tohikeisiowr reistividy phasedieRS4 pitagedor Ti)bgrausaed by

perform ng an anneal step.so as.to actiyate the dopa idpl.anted in steps
306 and 308. thefow resigivity siicideqviliehe fﬂ@?‘%/gﬁ?cé#}e%’i?g&nr}{oﬁi(asé%%stﬁé;cconpl i shed

in the sane FBRRIN? HERELl HRAHRIOV GemperailRk alhddl @istGssed abbvd) Rildck he gate
structure and/or the source/drain regions. Next, silicide enhancing

subst ance 40fasiafairht highl ceredniration eftth sificideehbangingsubsiages i (and nost
likely into the source/drainpn, regi ons | so). .Thi.s i f t he
formati on of URPEHECE]SYr %‘?‘?{ﬁf‘&%?g‘b‘ﬁﬁf R Hf"ﬁ%@gr}%tt%gé ;slﬁ‘\r/%gﬁ}%eé and a
thermal st epué;&z? SRt airake OF HHRfrRRraNABAde, 3R R sikicid@piferhétboghteanneal

step) so as t ormthe silicide regions. 12 Basically, the instant
i nventi on castruveurpdd8 tmnest likelyy gl dorm BwsEs4phaselas erposed b g¥8ts with

variations tqQ each of these enbodinents. 1n on odi.ment .. te
structure i SS4opPhAse i’é‘f?@ﬁ&‘%? _S’glﬁ‘ggﬁﬁ‘?r%ﬁ %_r‘?ng‘f‘ﬁ?%g' nge_ QMT Fhréle(;\%gl ators
and the 1ightilye leqﬁs% g?xﬂ'a?\néﬁ 2!}%&311 ised to teirishR the GepodifedifetabatBnci ng
material is fintroduced followe y the source/drain inplants, or the
sour ce/ dr ai nthi mpHeriying ailieom érofroE4fephdse silicige do 594 phasei silididgl does Bot of t he
silicide

have to be performed.

While the instant invention is described with regards to the above process

flow, another embodiment involves a slightly different process flow. More

specifically, step 302 is performed so as to form the gate insulating layer and the

gate material. Next, steps 306 and 308 are performed so as to form the gate

structure, the LDD's, and the source/ drain regions. This is followed by

performing an anneal step so as to activate the dopants implanted in steps 306

and 308. Step 310 is performed next. Preferably, this is accomplished in the

same manner as described above -- implanting As or Ge into the gate structure

and/or the source/ drain regions. Next, silicide enhancing substance 406 is

introduced into at least the gate structure (and most likely into the source/drain

regions, also). This is followed by the formation of a metal layer (preferably

titanium) on the structure and a thermal step (preferably either an anneal step or

a rapid thermal anneal step) so as to form the silicide regions.



enhancing material. An anneal step is performed next so as to activate the
source/drain inplants. Either the cap oxide is renoved foll owed by the

anor phi zation of the gate and the source/drain region, or the anorphization
step is perforned followed by the renoval of the cap oxide. The nmetal is
deposited, next, followed by a | ow ten‘g?r ature anneal and standard
processing. 1n the other enbodinent, after the gate is patterned and etched
and the source/drain regions are inplanted and anneal ed either portions of
cap oxi de (shown Besifaligi ke instant ihegrsiongan pe pedormegrbusing dtdeask pyge t he

source/drain reqgions fol.l owed by the. anorphization or
anor phi zat i oﬁﬁéz%gﬂt ?r’%bop‘éwg%n“él? Y%rllﬂ%oo\ﬂggo %ﬁ/chtogghers %%%gﬁnb?t%gﬁ %%6ns of the
cap oxide. Nexibodanéry@k gate dthenselis foteled eslldvanel byxhatdratatiah of Hicef er abl y M)

is formed. This is followed by the formation of the netal |ayer_ (preferably
Ti) and a | ovidesiddnutlatpes alightiy,daped drmin regians o Ny pitkarithe silickiegh

t enperat ure I |, which
o used tor SRuengEeb) BRRGRUED sRlda b B BN PIREL AR URIRE | 01

tenperature gomea)diircinplants afcbdrforaed feilldwddiey €éIntpbdgtiofiof tied sikicidé or med
with the Ti reacts with the Si in the |ow tenperature anneal step) to the
| oner resi st iephancingmaisriak AR pnipes] gtep isparyered ngxtifioastnactiviats €ede f or med

U511, 1 | PR/ AONSRARe Bt LB B kot ARt by G Prace

ure annea be” perforned.

Preferably, hhio@pﬂﬁizéﬁbd&ﬁﬁ@?ﬂédﬁ& tidyorade /i regibn, Re theodmBghhizitionh be at
around 800 to 950C. 13 FTGURE 5 is a graph illustrating sheet resistance
versus gate BE€Rdt perfarmes fllewerbby Hrargmiogal efdheieapsoxigg- chhemetal e i nt r oduci ng

nol ybdenum a e I, 24 i r i. isto
be silici dedagé‘ﬁsréte?’n%sc%gg{ﬂ?%%de%?? W?ﬁ?@%ﬁ%ﬂ%‘%‘%@“ﬁ%@ﬁﬁ é&%‘l‘%g p?%é@?ﬁﬁg figure. '
FI GURE 6 il | ustr alntthe biter si@edinices, a$tea fikgpateispastegetiantiendiet ahdrthsi | i ci de

formati on nethods, of the prior art. The data points of FI GJRE 6 where
obt ai ned f or S&rFe/draia TEggNHAs irplanted and anneglsd either portions of cap oxide

(shown in FIGURE 4 as layer 402) are removed to expose the source/drain
regions followed by the amorphization step or the amorphization step is
performed followed by the removal of portions of the cap oxide. Next, a layer of
the silicide enhancing material (preferably Mo) is formed. This is followed by
the formation of the metal layer (preferably Ti) and a low temperature anneal.

In all of these embodiments, a high temperature anneal may be performed
after the low temperature anneal, which is used to react the Ti with the
underlying silicon. Typically, the high temperature anneal step is used to
convert the C49 phase silicide (formed with the Ti reacts with the Si in the low
temperature anneal step) to the lower resistivity C54 phase silicide. However,
since the silicide formed using the instant invention is most likely ail (or mostly)
C54 phase silicide, this high temperature anneal step may or may not be
performed. Preferably, this high temperature anneal step, if performed, will be

at around 800 to 950C.



anneal steps (a | ower tenperature anneal to formthe silicide and a higher
tenperature anneal to convert from C49 phase to C54 phase). The data of
-FIGQURE 5 where obtained for silicide regions forned with only the anneal
step depicted in step 314. As can be seen by conparing FIGURE 5 to FlI GURE
6, the silicide regions forned using the instant invention (shown in Fl GURE
5) have a lower resistivity for gate |eggth of less than 0.1 microns than
the silicides forned using the prior art nethods. FIGURE 7 is a graph
iIlustrating souFgEURE & grgsH Slustrating sheetdefiftenenterprsgpésiengtiviber e t he

silicide is forned in the source/drain regions. Plo 702 and, ,704 depi ct
the sheet r edicideformatipn mafhedssvhigh pyglvednirgdigins Wiﬁ’ﬁ’ﬁmmﬁ 8R. Plots

703 d 705 depi . . i . i i . ; ;
an r&gégﬁhggg%%&g%e Ir{ggg;i\é&ﬂfaﬁﬁe fafm&ﬁg k& BSsiliGHERATRSirdgnRr | Or art

met hods. Al tHo ments of the present invention are herein
descri bed, tiheshtines depicted dBlatd2 i thefigige | FIGURE§ iltusratassheshsfet t he

invention. Many enbodi nents _of the present inventjo il 1 heco ar ent
to those skiTFHEANFHVLIHE S Fef‘ﬁﬂ] ‘?’gﬂf‘c‘ ??%31%1886’1‘%593#4‘%8“%%‘5? Fﬁ gt i on.
The scope Zf dr?é{' ﬁgﬁ@%ﬁ@[@%ﬂ Swherd dbBAnQNMoY sili¥idehegibhAfoihedRRANAEAS - 14

CLAI M5 1. making a transistor having a silicided gate structure
i nsul ati vel yarteslposeda bweer tampetaiure ansenl tafpemahe silisideiandachighesr substrat e,

the silicide having first and second ases,, t first.ph ing lower in
resistivity ERREARE a0wedia C%‘éfg[ego 5?43 Hi’@f%@ﬁﬂﬁf%sﬁﬁ‘ﬁ%?aﬁ‘e&; eps of :
formng a coneyfip ¥ GHatd SLHES (drQRIdese oﬁ;éfq?{ﬂeﬂ%ﬂlbﬂ?lth@&mlyﬁeﬁl sposed -
over said sem conductor substrate, and defining sourcefdrain regions of

sai d surf acelepicteprogep 814siAtsmndk sedrebyceomprringHCHREZ taFIGURRetBeuci ng a
silicide enhancing substance intqQ said conductive str . =allor phi zi ng a
portion of S‘é{i*céld%’@ﬁmtf?w P§ing. 'ﬁrl%S,tant invention (shown m%blﬂﬁ'& 5)611ave%

lower resistivity for gate length of less than 0.1 microns than the silicides formed
using the prior art methods.

FIGURE 7 is a graph illustrating source/ drain resistance for different
processes where the silicide is formed in the source/ drain regions. Plots 702 and
704 depict the sheet resistance of devices formed using the instant invention.
Plots 703 and 705 depict the sheet resistance of devices formed using prior art

methods.

Although specific embodiments of the present invention are herein
described, they are not to be construed as limiting the scope of the invention.
Many embodiments of the present invention will become apparent to thosg
skilled in the art in light of methodology of the specification. The scope of the

invention is limited only by the claims appended.



formng a netal |layer on said conductive structure; and after the

i ntroduci ng, anorphizing and form ng steps, reacting said netal |ayer with
'silicon of said conductive structure to formthe silicide, inits first
phase, on said conductive structure. 2. The nmethod of claim1l, wherein said
conductive structure is conprised of a material selected fromthe group
consi sting of: doped polysilicon, undoped polysilicon, epitaxial silicon,
and any conbi nati on thereof. 3. The nethod of claim1 or 2, wherein said
silicide enhid duhﬁﬁsance is corrprl sed of a substance sel ect ed fromthe
group consi st i of I Nb,, Ru, Cr, an rac ory
metal, and an %ﬁ%ﬁoﬂgﬁ St Feprontevings SUCKEH B8t SUSRE IISUAtEDS
wherein_sai ddiE%Bé’éd SR @lseinfcon@0BbE SRAHRfe, SridBlethid BlonTsi #&éﬁﬂ:sfté DL he group
consisting of: ‘titanium Co, W M, nickel, platinum’ palTadium and any
conbi nati on ther eﬁ@tmirfgad'mdun’évmtdmbtﬁreémul@nel)odlsmﬁedwec&add ng cl ai ns,
wherein the reacti ng . ste rrprl ses a |l ow tenperature anneal . 6. The method
of claim5, SFBIFERATLRE %t enperature anneal is performed at a
tenperature in exg@dush @Qﬁ{cﬁ{er dnfrancing dubsfancd (Mo SRHRBAI®vElsBiubtRe; Wher ei n
said | ow tenperature anneal is perforn%d at a tenperature around /00[err]C
to 800[err]C 8. &herphitihgd pofticam saidegonductive spretiedi ng cl ai ms, wherein

said step of anorphizin rtion of sajd,.conductive structure is

acconpl i shed by |fr?? b‘&ﬁl%?ﬁ'&?g‘é{eﬁ%%ﬂF%%t‘¥65§?‘§Hﬁee into said conductive
structure. 9. The,iPhhadirtdaidindtalNer iBEHES Wittt ARQELBAHANRhSUDSt ance i s
conpri sed of a substance selected fromthe group consisting o As, Ge, or

any combi nat swstarice fregsfid atorphipesl pastibo df sxfid eorydustive stiuctivee q@reedetﬂ@mgacl ai s,
wherein said, step of.for a conductive strl cturels conprised of the
steps of: folWAg e%ﬁ“”ﬁéfssm%‘?ﬁ ‘Q%}dt T¥s S Y s ubst r at e

2. The method of claim 1, wherein said conductive structure is comprised of a
material selected from the group consisting of: doped polysilicon, undoped

polysilicon, epitaxial silicon, and any combination thereof.

3. The method of claim 1, wherein said silicide enhancing substance is comprised
of a substance selected from the group consisting of: molybdenum, Co, W, Ta,

Nb, Ru, Cr, any refractory metal, and any combination thereof.

4. The method of claim 1, wherein said metal layer is comprised of a material
selected from the group consisting of: titanium, Co, W, Mo, nickel, platinum,

palladium, and any combination thereof.

5. The method of claim 1, further comprising the step of performing a low

temperature anneal step after said step of forming a metal layer on said gate

(T

structure.
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forming a silicon |l ayer over said insulating |ayer; doping said silicon
| ayer; and etching portions of said silicon layer so as to formsaid
*conductive structure. 11. The method of claim 10, wherein said step of
i ntroducing said silicide enhancing substance is perforned prior to said
step of etching portions of said silicon layer. 12. The nethod of claim 10
or 11, wherein said step of introducingssaid silicide enhanci ng substance
is perforned after said step of etching portions of said silicon |ayer so
that said sid.iTHedfeibodafelaftg Sswhedenegd iosv tenipepstueeshrieal stepist h sai d
conductive structure and said source/drain regions. 13. Thgz net hod of claim
10, 11 or 1xomprised of selyestingsalgransistarta sempgratyres insxerss R5°Lur ce/ dr ai n
dopants into said source/drain regions; and perform ng a source/drain
anneal step at an el evated tenperature. 14. The nethod of claim 13, wherein
sai d sour ce/Zdrienmethgd ofislaim &, wheaeirasant sthp pEanotphizing 8 podtict efzant
anor phi zing a portion of said confjtfctive structure. ..

conductive structure is accomplished by introducing an amorphizing substance

into said conductive structure.

8. The method of claim 7, wherein said amorphizing substance is comprised of a
substance selected from the group consisting of: As, Ge, or any combination

thereof.

9. The method of claim 1, wherein said step of forming a conductive structure is

comprised of the steps of:

forming a semiconductive layer insulatively disposed over said
semiconductor substrate;

doping said semiconductive layer; and

etching portions of said semiconductive layer so as to form said

conductive structure.

10. The method of claim 9, wherein said step of introducing said silicide

enhancing substance is performed prior to said step of etching portions of said

L

semiconductive layer.
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