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THE INVENTION 1. Fieldjof I e} The Jresen \7

i nvention relates generally to barrier layers within integrated circuits.
More particularly, the present invention relates to conposite barrier

| ayers within integrated circuits. 2. Description of the Related Art
Integrated circuits are formed from sem qonductor substrates within and
upon whose surfaces are forned resistors, transistors, diodes and ot her
electrical circuit elements. The electrical circuit -el ements are connected

internally externally to the sem conductor. substrate upon which they
are formed t%ﬂiﬂ%ﬂi&@@ [IARANIUM TCNGSTEMALLQY COMPOSKERIBARRIER
dielectric |ayers. )

Y LAYER FOR INTEGRATED CIRCUHS

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates generally to barrier layers within integrated circuits.
More particularly, the present invention relates to composite barrier layers within integrated -

circuits,
2. Description of the Related Art

] Integrated circuits are formed from semiconductor substrates within and upon
' \;hose, surfaces are formed resistors, transistors, diodes and other electrical circuit elements. The
- electrical circuit elements are connected internally and externally to the semiconductor substrate
upon which they are formed through paztémed conductor layers which are separated by dielectric
layers.

. Inthe process of forming within integrated circuits patterned conductor layers for
connecting and interconnecting electrical circuit elements formed within and npén semi,éonductor
substrates, it is common in the art to employ a barrier layer formed interposed betwegrian



Fn the process of forming within integrated circuits patterned conductor

| ayers for connecting and i nterconnecting electrical circuit elenents
formed within and upon sem conductor substrates, it is common in the art to
empl oy a barrier layer formed interposed between an

-2- electrode contact of an electrical circuit el ement and a conduct or

| ayer, typically an alum num containing conductor |ayer, desired to be
formed contacting the el ectrode contact of2the electrical circuit el enent.
Such barrier layers provide a barrier to: (1) inhonogeneous, inter-diffusion
of the el ekktrodecmnamt of in dletthicalivircuib elementand apoductarniayes, typieallysas Jlpmigupy

t he conductor |ayer (when the conductor layer is fornmed from an é? m num
cont ai ni ngoutainihgeonductat layeratiysined tobe frsmed sontading theplectrade coplapt H’He electrical

el ectrode contact is formed froma silicon . cont [ materi al, t j.el
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di agr a?n ofé@#ﬁagéﬁ%%aﬁ%g@gvy %ﬁl@%ﬁgﬁrﬁgﬁﬁgr@ﬁgﬁ?ﬁygg g 10

having for g RAlk lhjek (BitidonthdBbdtrddo cBab tybRAllyitebyh aohenling nanetal Minide

and 12b whic W ndow accessli ng the si It con sem conduct or substrate

10. For medg \WekRalRayek irfdont#c® Withthd sildon@ontaidingelcttodeebatactsin érderte provide ag
metal |ayer (not shown) fornmed in contact with the portion of the silicon

seni conduclo@/resistande confectidnay finselettridal bircuittdhement.ndow i s a netal silicide
| ayer 14, along with a pair of netal silicide form ng nmetal |ayer residues

16a and 16b. There is al so shown formed upon the netal silicide formng
nmetal |ayer residues 16a and 16b, and the netal silicide |layer 14, a

bl anket barrier |ayeA uﬁcﬂﬂmww@l@\%dﬁm coptagt goplying f}?‘%}ﬁ@ffiﬁf layer
i ect 1 cal ol & weal siieigeaper (e e a s alicids leringmarCyy et by e
0SS S tic crots-semtional diagiar 6P Flg 1. Slowin FiEt % shleo blehibbilficlo? ibstrate
10 having formed upon its surface a pair of patterned dielectric layers 12a and 12b which define 2
window accessing the silicon semiconductor substrate 10.. Formed through partial consymption
of a blanket metal sificide forming metal layer (not shown) formed in contact with the portion of
the sificon semiconductor substrate 10 exposed within the window is a metal sificide layer 14, '
§long with a pair of metal silicide forming metal layer residues 16a and 16b. There is also shown
, formed upon the metal silicide forming metal layer residues 16a and 16b, and the metal silicide
layer 14, a blanket barrier layer 18. Finally, there is shown in Fig. 1 a blanket conductor layer 20,
Sormed upon the blanket birrier layer 18. Within the electrical ircuit element electrode contact
structure whose schematic cross-sectional diagram is illustrated in Fig. 1, the metal silicide layer )
14 is typically, although not exclusively, a fitanium silicide layer, while the metal sificide forming '
smetal yer residues 16a and 16b are thus typically, aithough not exclusively, titaning metatlayes




14 is typically, although not exclusively, a titaniumsilicide |ayer, while
the nmetal silicide formng nmetal |ayer residues 16a and 16b are thus
typi cally, although not exclusively, titanium netal |ayer

-3- residues. In addition, the blanket barrier, layer 18 is typically a

bl anket titaniumtungsten alloy barrier layer since titanumtungsten all oy
barrier layers typically have superior step coverage w thin narrow high
aspect ratio apertures. Finally, as is nosg .conmon in the art, the bl anket
conductor layer 20 is typically a blanket al um num contai ni ng conduct or

| ayer. : ‘e t\f% fank &l %'E s it !ﬁli.@m%' 8-
co%t act s‘ferSIgg mlga\&/i\glgg% schema%{?)c e'g‘rf s*s?sgiéscﬁllonglab lagrami1s | |$%§?§1§ ed
in Fig. 1 ' y ' ' ir st
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fabricati on, circuit ‘el ement” el éCtrode cont ac ructure

whose SChﬁi{Bﬁﬂtﬁn‘éﬁnﬂﬁgh afpett 1atie hpéthaes, Finally, &d ib st eunedod i the art, the bianket
entirely without problens In particular, when patterning the el ectrical
circuit ebomiuotor édyer20 sdgpicailytachlankst alumimumecontrising saridactor layecr oss-
sectional diagramis illustrated in Fig. 1 to forma patterned el ectrical
circuit elenment electrode contact structure there is often observed parti al
del am nation of a patterned barrier |ayer fromthe patterned djelectric

|l ayers 12a and 12b Wile theeleptsical cirenit element slestrofe gomaqt sfrustureawhosg sehematic 1 64
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del ami nat gebtiohAiNidgdiem RAIh &fA&Hindlig! Ie@ifohs alpatterned didariod dirdidbelerhistitlectrode
contact structure there is often observed partial delamination of a patterned barrier layer from the

patterned dielectric layers 12a and 12b when the metal silicide forming metal layer residues 168
and 16b are formed of titanium. A schematic cross-sectional diagram illustrating the mechanism
through which such partial delamination occurs is illustrated in Fig. 2.

Shown in Fig. 2 is a pattemed conductor layer 20' formed upon a patterned barrier
layer 18', where the patterned conductor layer 20 is patterned from the blanket conductor layer

' 20 and the patterned barrier layer 18' is successively patterned from the blanket barrier layer 18.

» Also shown in Fig, 2 is a pair of voids 22 where the patterned barrier layer 18 and the patterned
conductor layer 20’ have delaminated from the patterned dieloctric layers 12a and 12b. Such
delamination typically occurs due to etching and undercutting of a pair of patterned metal silicide

. forming metal layer residues formed of fitanium (not shown) successively patterned from the '
metal silicide forming metal layer residues 16a and 16b, where the etching and undercutting
occurs due to contact of the patterned metal silicide forming metal layer residues with a stsipping



. del ami nation typically occurs due to etching and undercutting of a pair of’
patterned netal silicide form ng netal |ayer residues fornmed of titanium
(not shown) successively patterned fromthe netal sicide form ng netal

| ayer residues 1l6a and 16b, where the etching and undercutting occurs due
to contact of the patterned netal silicide form ng.nmetal |ayer residues
with a stripping -4 - -4-
conposition enployed in renmoving fromthe surface of the el ectrode cont act

?tggfig;ﬁéﬁ%ﬁo?oresa%ayer en??g&%gwpl %e pa ernecfgmi s%tgorz
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form ng mgefhing théeattefred chﬂaﬁ:tdrﬂiyeand thelpattérfied BarfiBlagdr 18' dtﬁ"thélﬁtterned metal

phot oresi st stri pping/ pol ymer renoval conpositions whi'ch enpl oy

. hydroxyl / silicide foming metid layeciesidaesb Uh particulai, wies the methlysilicide\forming enetdl dayer
NH[ err] OH, (HDA)) and bis (2-aninoethoxy-2-ethanol) (ie:

_(NH er r] Cirsidues 064 and 16D jre forn@d@fRtieanbinDighofoneaist strippingfpolynen rémaval eompositions

~efficient in etching patterned titaniumnetal silicide formng metal |ayers

resi dues twhigh emplay hydrexﬂmemnpmgdmh wobut @2 limitedrta hydooxylaniing Ge INELOIE

in Fig 2. |stherefore desirable in the art to
provi de n&%%bls\(%ﬁmm@tw s (NHCH AT, GHCH,QH c (DG A)mny hees

such that the cont-act structures are not suscept.j bl e tq delam nation, from
surf aces m&&’r“'g phing, patterped titpnipmermetal silicide dormng metal layers pesidues i e

to etchin hstrl .soI f matal i C m ng netal |ayers
formed wit g'p(‘}ﬂ g @&?&p flﬁ'ﬁﬁﬁ ‘%@&é invention is
general ly di rect ed Novel barrier |layer constructions
whi ch provide inproved properties to integrated circuits are know within

the art of integrat qfliGhirkRird dlsirabie fifie 3 to pROvif REMbAs fob Bt Mhiry eléttrical BirdditS

element contact structures such that the contact structures are not susceptible to delamination

from surfaces of substrates upon which are formed those contact structures, due to etching with
stripper solutions of metal silicide forming metal layers formed within those contact structutes,
that the present invention is generally directed. '

Novel barrier layer constructions which provide improved properties to integrated '

circuits are know within the art of integrated circuit fabrication. For example, Ngan et al. in U.S.

) Batent No. 5,378,660 and U.S. Patent No. 5,504,043 disclose a titanium nitride barrier layer
construction with improved diffsion barrier properties for atuminum layers formed at elevated

’ temperatures upon the titanium nitride bartier layer construction. The titanium nitride barrier
layer within the titanium nitride barrier layer construction has incorporated therein additional
oxygen. In addition, Wang et al., in U.S. Patent 5,508,212 disclose a large tilt angle method for

' forming a titaniom nitride layer which fimits encroaching of titanium silicide layers within a field
effect transistor within an integrated circuit. |



+Patent No. 5,378,660 and U. S. Patent No. 5,504,043 disclose a titanium.
nitride barrier |layer construction with inproved diffusion barrier
properties for alum numlayers forned at el evated tenperatures upon the
titaniumnitride barrier |ayer construction. The titaniumnitride barrier

| ayer within the titaniumnitride-barrier |ayer construction has

I ncorporated therein additional oxygen. In addition, Wang et al, in U S
Patent 5,508,212 disclose a large tilt-ahgle nmethod for forming a titanium
nitride layer whichDesitabledn ezt bididomi niethods forformihg bartier lagecewdthii t hin a
field effect transistor within an integrated circuit.

- 5- integrated circuite s Partivtilerly desirhble aret additionaldnéthods thtough mthinksthéremdydeni ng
barrier layers within integrated circuits. Particularly desirable are

addi t i ondformed baster laysroupen lai eointach tasistance/mptal silividelaydss withisvintegratedscingpits;

| ow contac} resist a[] '
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wWithin an integrated circuit.

SUMMARY OF THE INVENTION

A first object of the present invention is to provide a barrier layer for use upon an

elecirode contact within an integrated circuit.

A second dbject of the present invention is to provide a barrier layer in accord with
the first object of the present invention, where the barrier layer when formed upon a low contact
resistance metal silicide layer formed upon the electrode contact has limited susceptibility to
delamination due to dissolution of metal silicide forming metal layer residues formed beneath the
brrier layer.

In accord with the objects of the present invention, there is provided s barrier layer
for use upon an electrode contact within an integrated circuit. To form the barrier layer of the
present invention, thére is first provided a silicon substrate layer having an electrode contact

- region formed within the silicon substrate layer. There is then formed over the silicon substrate
- layer a titanium layer, where the titanium layer contacts the electrode contact region of the giiicon



A second object of the present invention is to provide a barrier layer in
accord with the first object of the present invention, where the barrier

| ayer when formed upon a | ow contact resistance netal silicide |ayer forned
upon the electrode contact has Iimted susceptibility to del am nation.due
to dissolution of netal silicide formng netal |ayer residues forned
beneath the barrier |ayer. -6 — In accord with the objects of
the present invention, there is provided a barrier layer for use upon an

el ect r odeulsstratedgyer VThe kifunfitn 10968 fikh $rocebded lt'ﬁéngg%pinfa%ﬁ%égﬁco?%gﬁer | ayer

of the present invention, thefe is first provi a si fate | ayer
havi ng artmdésphéreed forapatinbinn SidylagR inBehtdt With'thé Blectbdde! oRAcEHBRN 0H S

| ayer. There is then formed over the silicon substrate layer a Titanium

| ayer, wititangum hitridé laperifonmddathereovarn The tisantunelapérds tompletelyasvnanied iﬁ%ﬁﬁn%fhe
the silicon, -6- substrate layer. The titd&niumlayer is then
pr ocess e dtangun sificide layer andithe titagium itridedayer.nBinsllyy thephisifermed vpon thetithiitimni um
silicide |a e{a in contact with the el ectrode contact region and a titanium
nitride Pﬁ?&“r yerakameniayesover . The titanium | ayer is conpletely consuned
in formng the titaniumsilicide |ayer and the titaniumnitride |ayer.
Finally, there is forned upon the titaniumnitride |ayer a barrier |ayer.

There is provided t he present. invention a, barrier |ayer for use as an
el ectrode contact ‘ﬁp‘g’r‘(‘q%ﬁ ¥ SheRresent fivention a barier davien orpge ag an clecigade -

when f . . i . | siligcide | h limted

Cuscopt SRR g e R0 Bt Shel B8 BBl i Siief Bl Rl SBRaHG, 1 ng
scept o del . . , .

or mod e e noel il R6 e, RETRGIN shepeitiy 18 fiollalon 6ol tibtaftn bk
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a titaniumsilici | ayer upon an electro barri
layer i stirough theehethotDorHOPebsérid iveniod hs Hniited sudoBftibility 80 dilimimhiidiCLiald thay €'
or a titaniumnitride | ayg?. Since there renains nﬂ??ﬂ#‘um n%?‘g%lﬂﬁmﬁ*l%h
may be utithafunnlayremployedtih forming a tiraniunysilicidd layer pon e elebteotdr coliat BenBath ek
susceptibility to del am nation.
' barrier Jayer is completely consumed in forming either the titaniiim silicide layer or a titanium _
nitride layer. Since there remains o titanium metal which may be undercut beneath the barrier

layer, the barrier layer has limited susceptibility to delamination.

BRIEF DESCRIPTION OF THE DRAWINGS

. iy

) The objects, features and advantages of the present invention are understood
within the context of the Description of the Preferred Embodiment, as set forth below. The
Desctiption of the Preferred Embodiment is understood within the context of the accompanying
drawings, which form a material part of this disclosure, wherein: |

Fig. 1 and Fig. 2 show a pair of schematic cross-sectional diagtams iliustrating



" BRI EF DESCRI PTI ON OF THE DRAW NGS The objects, features
and advant ages of the present invention are understood within the context
of the Description of the Preferred Enbodi nent, as set forth below. The
Description of the Preferred Enbodi nent is understood within the context of
t-he acconpanyi ng drawi ngs, which forma material part of this disclosure,
wher ei n: Fig 1 and Figgshow a pair of schematic
cross-sectional diagrans illustrating del ami nation of a barrier

| ayer f odelsminatiemofabartiedhyar dernexinipan an electoote coatact thrmheomethod comentiomal t he

art of integrated circuit fabrication. Fig. 3to Fig. 6
show a sirthesrt of integrated circuit fabdeatioact i onal diagrans illustrating the
results of formng a barrier |ayer upon an el ectrode contact through the
preferred enmbodi nent of the method of the present invention.

DESCRIPTION OF T PREFERRED, ENMBODI ] L . The present

" invention provi dest®& ﬁé?ﬁ!ﬂiﬁfsbwfa(ﬁeﬂ?%“&ﬁ’@?‘émﬂ@m stegting the

results of forming a barrier layer upon an electrode contact through the preferred embodiment of
the method of the present invention.

DESCRIPTION OF THE PREFERRED EMBODIMENT

The present invention provides a method for forming upon an electrode contact of
an electrical circuit element within an integrated circuit a barrier layer; where the barrier layer is
~— . formed upon a low contact resistance metal silicide layer formed upon the electrode contact at;d
where the barrier layer has limited susceptibility to delamination due to dissolution of metal
silicide forming metal layer residues formed beneath the barrier layer. The present invention
achieves this goal through forming and thermally annealing a titanium layer upon the electrode
coritact in the presence of a nitrogen containing atmosphere to form a titanium silicide layer upon
the electrode contact and a titanium nitride layer thereover, where the titanium layer is completely
cpnsumed in forming the titanium silicide layer and the titanium nitride layer. Since the titanium
' ﬁyer is completely consumed in forming the titanium silicide layer and the titanium nitride layer, a
’ batrier layer formed upon the titanium nitride layer and the titanium silicide layer is not susceptible
o delamination due to undercutting and dissolution of titanium metal silicide forming metal layer
residues,

Referring now to Fig. 3 to Fig. 6, there is shown a series of schemauc crossy



‘an electrical circuit element within an integrated circuit a barrier |ayer,
where the barrier layer is fornmed upon a | ow contact resistance netal
silicide layer fornmed upon the el ectrode contact and where the barrier

| ayer has limted susceptibility to delam nation due-to dissolution of
nmetal silicide formng netal |ayer residues fornmed beneath the barrier

| ayer. The present invention achieves thTéigOaI t hrough form ng and
thernmal |y annealing a titanium |ayer upon the electrode contact in the
presence #ietignal diagmms illesirating therrgsitsof pragsessive stagesrinforming upan an eledtiode de

| ayer upon the el

ectrode copnt,act and.a titaniumpnitride | ayer thereover,
whar e e o AR ApiABrate i Ahaeriy sk SLARGH Wit the profatred Ao apat i the
silicide |ayer.and.the_titanilmnitride layer. Sinc he tifani.umlayer is
compl et ol DIOSGH LHAOT SHANT AT (118 2 SPRSiG s SFE00a dﬁqézaw?&qampar@?e% cireu
titaniumpitride | ayer rrier layer formed upon th&€ titaniumnitride
| ayer andg&%E%$Wf§ﬁ¥ﬂhv%ﬁ¥$@W%g | ayer is not susceptible to del am nation
due to undercutting and dissolution of titaniumnetal silicide formng
metal |ayer residues Referring nowto Fig. 3 to Fig. 6,
there is shown a sekj 2CH & Pdehfi 3 iR Sdrineld Witk ,@ygﬁ
illustrating the rgggﬁ?gﬁg?§ﬁ$gbre;s?ggﬁg?%%ggnpﬁ3?gﬁﬁﬁgg upoﬁhgﬁiéﬁg tréﬁe
contact Weikrflic airl oF iseitioh 96Ribns WL défindahative &%mﬁ of {2 sBicahductbr sibithite
preferred enmbodinent of the present invention. Shown in Fig. 3 is a
schemat i c30r adthoggirsemictmducton gbatiates atelk@oivitie thealkriowiitic éifler dopaat polarigfvarious
stage in its formation. Shown in Fig. 3 is a sem conductor
subst r at e dGfanh soncegtritionsund seversl oryataiiographic btientations Afoe the poeferredémbadinedtiofn
regi ons which define an active region of the sem conductor substrate 30.
Al t hough hefresentinyensionshesemiconsictor subistrater30iis prefirably a (100D silicon semicandpetor
polarity, varioys dopant concenfratjons and several cr
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embodiment of the method of the present invention the isolation regions 32a and 32b are

preferably formed within and upon the semiconductor substrate 30 through an isolation region
thermal growth method, as is conventional in the art,

p Also shown in Fig, 3 formed upon the isolation region 32b is a polysilicon
interconnect 34 having formed upon its edges a pair of insulator spacers 36a and 36b. Both the
* polysilicon interconnect 34 and the pair of insulator spacers 36a and 36b may be formed through
methods as are conventional in the art. Typically, the polysilicon interconnect 34 is formed
through patterning through methods as are conventional in the art of a blanket polysilicon layer .
. deposited through methods as are conventional in the art, while the insulator spacers 36a and 36b:-
 are formed through anisotropic etching of a conformal insulator layer formed upon the pol_yéﬂicon ;



‘thermal growth nethods and isol-ation region deposition/patterning nethods,
for the preferred enbodi nent of the nethod of the present invention the

i solation regions 32a and 32b are preferably forned within and upon the
sem conduct or substrate 30 through an isolation region thermal growh

met hod, as is conventional in the art. . Al so shown in Fig.
3 frormed upon the-isolation region 32b i§ %'pol ysilicon interconnect 34
having fornmed upon its edges a pair of insulator spacers 36a and 36b. Both
t he pol ydeterconredt Afte Peefenablytthapolysilicontimersannech34 is st 1500 toeabouR6R0and
36b may be forned, through nethods as are conventigpal in the art.

Typi cal | AR&¥ With @gesistivity of emeaboutlp t@wgémh%ﬁw&at t erni ng

t hrough net hods as are conventional in the art of a blanket polysilicon

| ayer deposited through nethods as are conventional in_the art while the
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nmetal dielectric (PMD) yers 40a, 40b and 40c.” The patterned conformal -

di el ect r i forhey/thesughlnethodiids a2é Sordtionalisl the it PPielesbly, dhopAttefiidVonfbemhlect i
(PMD) | ayers 40a, 40b and 40c may al so be forned through nmethods as are

convent i odielectiio ldyers 38aj 38ty mid38alary fortbd thpaughapatteminpthfoughmiethodis ab et r i
| ayers 38a, 38b and 38c are formed through patterning through nethods as

are conwenvensional inthe art ofia blavket gotformal dliclastrixf layerdormeidahrough & plasmg enhancedred
through ach%xlnziicséln\?ap%g r(]1zg;;]c():s(iat_gtjcm (PECVD) method employing a suitable silicon source material to yield
patterned conformal dielectric layers 38a, 38b and 38¢ of silicon oxide at a thickness of from

about 400 to about 1500 angstrbms thick each. Similarly, the patterned pre-metal dielectric la}:ers
40a, 40b and 40c are preferably formed through patterning through methods as are conventional

in the art of a blanket pre-metal dielectric (PMD) layer formed of a glass such as a boro-silicate
glass (BSG), phospho-silicate glass (PSG) or a boro-phospho-silicate glass (BPSG) formed

through a chemical vapor deposition (CVD) method or a plasma enhanced chemical vapor
deposition (PECVD) method at a thickness of from about 4000 to about 12000 angstroms. Other -
mgthods and materials may, however, be employed in forming the patterned conformal dielectric

“layers 38a, 38b and 38c, and the patterned pre-metal dielectric (PMD) layers 402, 40b and 40c.

>

The patterned conformal dielectric layers 38a, 38b and 38¢c, and the patterned pre-
metal dielectric (PMD) layers 40a, 40b and 40¢ define a pair of apertures, a first o_n_g_gfwhich --
-accesses the surface of the active region of the semiconductor substrate 30 and the second of
which accesses the polysilicon interconnect 34. Although Fig. 3 illustrates the first aperture ps



‘chem cal vapor deposition (PECVD) nethod enploying a suitable silicon
source material to yield patterned conformal dielectric |ayers 38a, 38b
and 38c of silicon oxide at a thickness of from about 400 to about 1500
angstrons thick each. Simlarly, the patterned -pre-netal dielectric |ayers
40a, 40b and 40c are preferably fornmed through patterning through nethods
as are conventional in the art of a bfrket pre-netal dielectric (PMD)

| ayer forned of a glass such as a boro-silicate glass (BSG,

hospho- si gsgf,ng | aRfive I fiotrmed
Itohroggh a %:dﬁ aﬂ vapor ei)ct;g{et I on %W —tggglrt&?rgl%s%&enﬁance Pls
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to about 12000 angstroms. OQther nethods and materials my, however,

enpl oyed 30 inay be ag elebttodirdontictChncelévthidalTitcuiti ehdntent fort Wﬁﬂh88@mc&ﬁiﬁcﬁﬂd
38c, and the patterned pre-netal dielectric (PVMD) |ayefs 40a, 40b and 40c.

The pat t ersubstrate 30cuctods, batatot imited td atrensist@qze; fiskdefcdradsistor FET), bipolar
patterned’ pre- netal dielectric (PI\/D) | ayers 40a, 40b and 40c define a pair
of aper t uriensistorfariother srapsistor)elsctnde centast sediodelectrade sontagtfonaresistor eleetrode
regi on of the sem condyctor substrate 30 and the second of which accesses

t he pol ysi¢qméash fon s Sansistas diodsor reqstordogmedryithin the xmﬂ%@rssub#@aw $9-st

aperture

accessi ng Sy, il g e b senpd s o cssos e m@icpa Y
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transi st or incRide,ut afe dct Himited to pOlySiicdn tedistors ahd PoBSiltdAAPAGON, AdiikREe 30.
understood by a person skilled in the art, the method of the present invention provides optimal
value in forming a barrier layer within the integrated circuit whose schematic cross-sectional _
diagram is illustrated in Fig. 3 when at least one of the first aperture and the second aperture
accesses a silicon containing surface. As is illustrated in Fig. 3 at least one of the first aperture
and the second aperture will typically, although not exclusively, access a silicon substrate (ie:
monocrystaliine silicon) surface or a polysilicon substrate surface.

f Finally, there is shown in Fig. 3 the presence of a blanket titanium layer 42. The
_blanket titanium layer 42 may be formed through methods as are conventional in the art, including
’ but not limited to thermally assisted évaporation methods, electron beam assisted evaporation
methods, chemical vapor deposition (CVD) methods and physical vapor deposition (PVD)
sputtering methods. Preferably, although not exclusively, the blanket titanium layer 42 is formed
through a physical vapor deposition (PVD) sputtenng method to form the blanket titanium layer' ]
42 of from about 200 to about 1200 angstroms thickness.



Simlarly, while Fig. 3 illustrates the second aperture as accessing the
polysilicon interconnect 34 forned upon the isolation region 32b, it is

al so understood by a person skilled in the art that the second aperture my
al so be forned to access el ectrode contacts of- other electrical circuit .

el ements fornmed upon the isolation region 32b. Such other electrical

circuit elenents may include, but are not fgimited to polysilicon resistors
and pol ysilicon capacitors. As is further understood by a person skilled in
the art, the net hodeférringoowrto Figu, therecin shown pscheinaticcrops-sectional disgean n
formng a barrier layer within the integrated circuit whose schematic

cr oss- seddusyating the sesultsof Sirther processing of the integrated cinowit whose schematinerosst t he

first aperture and the_second, aperture accesses a silicon _containin
surface. Speliqnal dingraenis ﬂmétaatpmmirp g 3. 3Shown iadig. 4dmthegesuly g’e themallyayeea%ag@wand

thF secoMEe@ﬁ&rxe lgll t &“g ogpag‘gg haﬁgésg cI ugi vel ffﬁg‘?‘ﬂslma
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oresence S o i b e it i
it ?Q?SOWW&%Q@?&W%MW%%W%& 448 e dehidndlidhorl fl““
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vapor deposition (PVD) sputtering nmethod to"formt um | ayer
42 of from about 200 to about 1200 angstrons thickness. .

Referring nowto Fig. 4, there is shown a schematic cross-sectional diagram
iI'lustrating the rebhdtlankef tifaniuhileyer@danayse themally ddrealed withircdng df severali t
whose schematic cross- sectional diagramis illustrated in Fig. 3. Shown in
Fig. 4 .@mmmmm|m3wmmmmwm4&mmm 42

within a F gen contalnln at nosphere to forma pair of tltanIUHISI|ICIde

| ayers 4 yerhHaend A48, mmﬁamnimﬁwmh@rawﬁ debytarepet limi
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- conventional thermal processing within a firnace, rapid thermal processing (RTP) methods
employing intense heat for relatively short time periods, thermal processing within a plasma
environment and thermo-optical processing employing intense light sources of appropriate
wavelength for absorption and dissipation as heat. For the preferred embodiment of the present
inyention, the blanket titanium layer 42 is preferably annealed to form the blanket titanium nitride
Inyer 46 and the titanium silicide layers 44a and 44b through a rapid thermal processing (RTP)
inethod at & temperature of from about 70 to about 925 degrees centigrade, although other
methods may be employed in forming from the blanket titanium layer 42 the blanket titanium
nitride layer 46 and the titanium silicide layers 44a and 44b, Within the method of the present .
invention, the blanket titanium layer 42 is thermally annealed for a time period sufficient to
completely consume the blasket fitanium layer 42 in forming the blanket titanium nitride layer 46



‘consuned semi conductor substrate 30" and a partially consuned polysilicon
i nt erconnect 34'. The bl anket titaniumlayer 42 may be
thermal |y anneal ed within any of several nitrogen containing atnospheres to
formthe blanket titaniumnitride |ayer 46 and the titaniumsilicide |ayers
44a and 44b. Such nitrogen containi ng atnospheres include but are not
limted to nitrogen gas atnospheres and. agnoni a gas at nospheres. In
additon, the thermal annealing may be provided by any of several nethods as
are knownafd-the itaniune siligide layers4gapod 44t |inmited to conventional therna
processing within a furnace, rapid thermal processing (RTP) nethods

enpl oying intense heat for relatively short tine periods, thermal

P oyinedint ense | REFIHERIEIFG 5 ABse BAPHRS SO St SPIPTAER IR on
vent | oniprihg it s ot Hobhahe b6 e RIS BBl otk BB RE BRisk. | ¢ e
i o ou fRBh BBl o i s 30 SOPR HATBOS NS Sl BUETR Qi
be orm oy O5 Y tegfat POt st i fertn e ialcRith o BitBracé Gl Hhold Mol 0GR TRV
Wt it aecbbl gl iaraRA i M It S HoUTwhihs ShrCe (RS Rt a Midiclebberier
i's t her malaygr 48 tlahKed Coiubioftayee 50, OThebladket battibr layer 48 3hd tHeBlahkeOesndaEror

the bl anket titaniumlayer 42 in formng the blanket titaniumnitride |ayer

46 layer 50 may be formed through methods and materials as are conventional in’Be art afiithtégosted
titaniumsilicide | ayers 44a and 44b. Referring now to

Fig. 5, t kiseuit fabricationyincludiog butnatdimited ¢ thepnallyansistedievaporation imethoxds adéctrgnt he
results of further processing of the integrated circuit whose schematic

cross- sebeaubpuisted cygperation methods chemisal vapotdegosition 67\ methods and ypisaly
caui val en AR denasiion YL By ERREr ot s Ssdonbasoobed: (1 barie ayers of
barrier materials including but not fimited to metals, metal ailoys, metal nitrides and metal oxides;
and (2) conductor layers of conductor materials including but not limited to metals and metat
alloys. For the preferred embodiment of the method of the present invention, the blanket barrier
layer 48 is preferably formed of a titanium-tungsten alloy deposited through a physical vapor
deposition (PVD) sputtering method upon the blanket titanium nitride layer 46 to a thickness of
from about 300 to about 1500 angstroms. The titanium-tungsten alloy is preferred, in part, due to-
its superior step coverage when forming blanket barrier layers within narrow high aspect ratio
apertures, Amongst any of severa! other alternative, but not fimiting, materials for forming the
" blanket barriér layer 48, there may alternatively be employed additional blanket layers of titanium
nitride formed through methods which provide varying densities of the titanium nitride layers.
With respect to the blanket conductor layer 50, the blanket conductor layer 50 is preferably -
: ﬁxnwdcfhnahmdnnnxmxndnmgcmmdumnrnmnmhLaskxmmucomwmﬁomﬂinﬂmnunahhouéh\
other conductor matersials, including but not limited to copper containing conductor materials,



'sectional diagramis illustrated in Fig. 4, but upon whose surface there is.
formed a bl anket barrier |ayer 48 and a bl anket conductor |ayer 50. The

bl anket barrier |ayer 48 and the bl anket conductor |ayer 50 may be forned
t hrough nethods and materials as are conventional in the art of integrated
circuit fabrication, including but not limted to thermally assisted
evapor ati on net hods, electron beam assi-st®gd- evaporation nethods, chem cal
vapor deposition (CYD) .nethods and physi cal apor _deposition (PVD)
sputteri Y#P%SQ%/W%%W&W%M&C%&Y%% barrier |ayers of
barrier materials including but not limted to netals, netal alloys, netal
nitrides and netal oxides; and (2) conductor |ayers of conductor materials
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due to ibﬁo@ﬂ%@ﬁ%ﬁiﬁﬁ&ﬁo&%ﬁl@ﬁgs‘gﬁ?gu&%ﬁwﬂ WHGHWRIdidigiE b tadidd Biyer and

w t hin narrow hi'gh aspect res. Anongst any of several ofher

al t er nat uv@erctt barfér thyet] the BlinkétRbAdicRrdayep 50,/18¢ Blatickt baRichlagaid addahé i er

| ayer 48,  there may alternatively be enpl oyed’ addi ti onal bl anket | ayers-of
ti t ani umblainketi titenthmmiteide ldyent@io forh Agdternbd cindacy tayer S04 rapanigrmbd barrier tayeof
the titaniumnitride layers. Wth respect to the bl anket conductor | ayer
50, the HRtandetpatiermedtitaniuthaitride Iageri46'. pSintecthrdnigh the method obthepresent invention
containing conductor material, as is nost conventional in the art, although
ot her cothkfitaomiayerd2ds sompletelyconsyndd wheadbring theditaniommitrige layerdft andrthe g
conductor, materjal s, ] . .

- 13 - miyanym siliside dayrsAdeand 44b, shere isformed thronghdahe methad of the prespalimemtion a

Referring now, to Fj 6, there is sho a schempti ¢ cross-sectional djagram
%amer layer win%h does noteixave atsltanﬂxm yer formed”tgere eneath. Thus, t epatteme&- g

conductor layer 50' and the patterned barrier layer 48' of the present invention may be formed
absent delamination from the integrated circuit whose schematic cross-sectional diagram is
illustrated in Fig. 6 when there is removed from the surface of the integrated circuit whose
schematic cross-sectional diagram is itlustrated in Fig. 6, through a stripping method employing a
photoresist stripping/polymer removal composition which employs a hydroxyl/amine compound
such as but not limited to hydroxylamine (ie: NH,OH; (HDA)) and bis (2-aminoethoxy-2-ethanol) -
(ie; (NH,CH,CH,0),CHCH,O0H ; (DGA)), a patterned photoresist layer employed in defining the
patterned conductor layer 50', the pattérned barrier layer 48' and the patterned titanium nitride

I'ajer 46'".

As is understood by a person skilled in the art, the preferred embodiment of the -
'method of the present invention is illustrative of the present invention rather than limiting of the ‘
present invention. Revisions may be made to materials, structures and dimensions through which



-illustrating the results of further processing of the integrated circuit
whose schematic cross- sectional diagramis illustrated in Fig. 5. Shown
in Fig. 6 is the results of patterning through a photolithographic method
enpl oying a stripping material which will dissolve a titaniumlayer ‘and
undercut a barrier layer, the blanket conductor |ayer 50, the bl anket
barrier layer 48 and the blanket titaniumtitride |layer 46 to forma
patterned conductor |ayer 50', a patterned barrier layer 48 and_a
pat t er neds Practiead the preferredeembogiment of theanethed efithe present irventiomwhilegtillproviding
present invention he titanium |l ayer 42 is conplete]ly consuned when
forning t FRGING WhiCh afe win t tagd seeperf he present invedion; ﬁn@@%ﬁ% 44a
and 44b, there . s.fornmed through the nmethod of the present invention a
barrier I%@@? 8. does not have a titaniumlayer forged there beneath.
Thus, the patterned. conductor |ayer 50" and the pattefned barrier.laxgr
48' of the present invention nay be fornmed absent delam nation fromthe

integrated circuit -whose schematic cross-sectional diagramis illustrated
in Fig. 6 when there is renoved fromthe surface of the integrated circuit
whose schematic cross-sectional diagramis illustrated in Fig. 6, through a

stripping nethod enploying a photoresist stripping/polyner renoval
conposition which enpl oys a hydroxyl/am ne conpound such as but not limted
to hydroxylamne (ie: NHerr]OH (HDA)) and bis (2-am noet hoxy-2-ethanol)
(te: (NHerr]CHerr]CHerr]OJ[err]CHCH err]OH (DGA)), a patterned

phot oresi st | ayer enployed in defining the patterned conductor |ayer 50 ,
the patterned barrier layer 48" and the patterned titaniumnitride |ayer

46' . As is understood by a person skilled in the art, the
preferred enbodi nent of the method of the present invention is illustrative
of the present invention rather than imting of the present invention

Revi sions may be nmade to materials, structures and di nensions through which
- 14 -



is practiced the preferred enbodi nent of the nethod of the present
I nvention while still providing enbodiments which-are-w-thin the spirit

and scope of the present invention, as defined by appended cl ai ns.

- 15 - CLAIM5 1. A nethod for form ng an elect imm’& MHHWH si ng:
providing a silicon substrate |ayer having an ele ! il gi on
formed within Eh', i 1icon substrate I'aQérT- formng over the silicon
substrate layer "a titaniumlayer, the titanium/l|ayer contacting the

el ectrode cogtécmeth@bfmﬁomngmelmddemnmmm%gi ayer:; and

processing thermally the titaniumlayer in a nitrogen containing atnosphere
to forma titani ufPExings dliconsybstratelayes heving amplestradecoptagtresivadomans: act
region and a ti.taniumnitride ﬂqa er forned thereover, where the titanium

| ayer is co%@?&%ﬂulm% ¢®Y¥orming the titaniumsilicide |ayer and the

titaniumnitride Layer. . .JLhe t hod,of cl.aim 1, wher®in the,thickness of
the titani uml ayeﬁloﬂﬁ’é‘gfqyﬁ‘ﬁ‘ﬁﬁ@ﬁ?n gﬁ’e&%@%b‘%&é‘amg@?mmwet The

nmet hod of cl gi erein t.he nitrogen ntai ni ng _atnpsphere i s sel ected
fromthe gr o%ﬁ%%q?%og?°ﬂ?q??t5§§ﬁngftﬁ5§’§ﬁ%9%@s‘5%%‘fa at nospher es.
4. A nmethod for f ] ' e G,

conpri si ng: ﬁbg%sg@???%g‘ gl:’elti*%%i%ﬁ gg%?ﬁ?%ﬁ%é&%%‘gh%%ﬁtgct r ode

contact regi JEMyY) on %d'cf% &;é%? ayear.. . . ] ng
over the si Iiigggfr?qgﬁﬁ%?r at eelrlaa?xfgrﬁ1 a ti anPum %@@?%‘?%&{?%‘%%?‘h“n? P{ggﬂe@l
contacting tdigidelifel EafRd tRbaet, Wik MR tifdnidnl Riyér ik complefeiPeInswhéed inayer ;

processing thermally the titaniumlayer in a nitrogen containi ng at nosphee
to forming the titanium siticide layer and the titanium nitride layer.

2. The method of claim 1 wherein the thickness of the titanium layer is from about 200 to

about 1200 angstroms.

3. The method of claim 1-wherein the nitrogen containing atmosphere is selected from the
group consisting of nitrogen atmospheres and ammonia atmospheres.

4. A method for forming a barrier layer upon an electrode contact comprising:
providing a silicon substrate layer having an electrode contact region formed
: within the silicon substrate layer;
forming over the silicon substrate layer a titanium layer, the titanium layer
contacting the electrode contact reg_ion of the silicon substrate layer;
processing thermally the titanium layer in a nitrogen containihg atmosphere to
form a titanium silicide layer in contact with the electrode contact region and 2 titanium .
. nitride layer formed thereover, where the titanium layeris completely consumed in =~
-l forming the titanium silicide layer and the titanium nitride layer; and



forma titaniumsilicide layer in contact with the el ectrode contact reg| on

and a titanium- nitride layer formed thereover, where the titaniumlaye

![Ist g(r)”rrﬁlme';“e![ ¥| ggnlsg;rg(rj i gnLor mng the titani um sui ﬂ“m“mul“a“m“tm‘s

- 16 - form ng upon the titaniumnitri de | ay®er ‘a Bar I'i ef | ayer.

S. The method of claim4 wherein there is d%ofded del anmination of the
barrier layer when the barrier layer is contacted with a photoresist
stripper conpositi ofermisgmpos thefitaniumyitrids jaytoabardedayaround. 6. The net hod
of claimb5 wherein the hydroxyl/am ne conpound is selected fromthe group
of hydroxyl am ne conpounds consisting of hydroxylamnne (ie: NHerr]OH

HDA db hoxy- t I
(N e o) O or 13 ARG RROS Sk R ABi s e ;@%wammgmmm«m
4 wh th hi ck f t t from about 200 .t,0 about
1zooe;ﬁlggt roﬁsthebg@%?ﬁ’% £ ﬁgﬁ%ﬁg é#@ﬁ?%"&‘&@@ﬂ DR R ai n:Jng
at nosphere is fr group consisting of nitrogen atnospheres

e 1S RAG/Aslik cBfipbli.

and anmoni a atnospheres

6. The method of claim 5 wherein the hydroxyl/amine compound is selected from the

—

group of hydroxylamine compounds consisting of hydroxylamine (ie:. NH,OH; (HDA))
and bis (2-aminoethoxy-2-ethanol) (ie; (NH,CH,CH,0),CHCH,OH ; (DGA)).

7. The method of claim 4 wherein the thickness of the titanium layer is from about 200 to
about 1200 angstroms.

8. The method of claim 4 wherein the nitrogen containing atmosphere is selected from the
group consisting of nitrogen atmospheres and ammoniz atmospheres.

9. The method of claim 4 whereiri the barrier layer is chosen from the group of barrier
layers consisting of titanium-tungsten barrier layers and titanium nitride barrier layers.

10. A method for forming a conductor metallization layer upon an electrode contact
comprising:
providing a silicon substrate layer having an electrode contact region formed
within the silicon subsm layer; -
forming over the sificon substrate layer a titanium layer, the titanium layer
contacting the electrode contact region of the sificon substrate layer;



9. The method of claim4 wherein the barrier layer is chosen fromthe gr’oup-';‘
of barrier |ayers consisting of titaniumtungsten barri-er-|ayers. and

titaniumnitride barrier |ayers. 10. A et hod ) a conduct or
metal lization | ayer upon an el ectrode contact COHHI"{S”]M&"WIMLEW ovi di ng
a silicon substrate | ayer having an el ectrode contact I oLl d within
I1he silicon substrate |ayer; fqgrm ng over the silicon substrate

| ayer a titaniumlayer, the titanium/layer- contacting the el ectrode

contact region of pideessiigltheraially ustitasitm layey & a nitrogen containing atmosphere to
- 17 - processing thernmally the titaniumlayer in a nitrogen

cont ai ni ng afermspiitanient silidide layex i comact witlsthe electiedd aontact regiemandactitaniuh t he
el ectrode contact region and a titanium nitride |layer forned thereover,
wher e the ti nigmdelayeriforyeed thereoverpwherelthe titanivymisyer iscdmpletelygonsumed inani um
silicide layer and the titaniumnitride |ayer; #orm ng upon the
titani um nit firgéng the itaniume silicide layemangrthe titagium nitride layatini ng upon the barri er
| ayer a conductor netal |ayer. ,11.. The method,of claim 10 wherein there

i s avoi ded del ami mmﬂﬂntbﬁﬂwmdqlMﬁl’&ﬂWﬂW@?@%duct or metal |ayer

when the barrier layer and the conduct or tal layer are contacted with a
phot or esi st stri pﬁ?!%“%#&ﬂ?sé‘?g@ﬁ‘e&gﬁﬂﬂ%q B"tﬁrﬁ"ﬂfygyﬂl am ne

11. The method of claim 10 wherein there is avoided delamination of the barrier layer and
the conductor metal layer when the batrier layer and the conductor metal layer are
contacted with a photoresist stripper composition comprising a hydroxyl/amine

compound.

12. The method of claim 11 wherein the hydroxyl/amine compound is selected from the
group of hydroxyl amine compounds consisting of hydroxylamine (ie: NH,OH; (HDA))
and bis (2-aminoethoxy-2-ethanol) (ie: (NH,CH,CH,0),CHCH,0H ; (DGA)).

13. The method of claim 10 wherein the thickness of the titanium layer is from about 200
to about 1200 angstroms.

14. The method of claim 10 wherein the nitrogen containing atmosphere is selected from
the group consisting of nitrogen atmospheres and ammonia atmospheres.

15. The method of claim 10 wherein the barrier layer is chosen from the group of barrier
. layers consisting of titanium-tungsten alloy barrier layers and titanium nitride barcier
layers.



conpound. 12. The method of claim 11l wherein the-hydroxyl/am_ne conpound

is selected fromthe group of hydroxyl am ne co s consi sting of
hydroxylami ne (ie: NHerr]OH, (HDA)) and bis (%ﬁmnﬁgm, hanol )
(te: (NHerr]CHerr]CH err]O)[err]CHCH err] OH ( | nmet hod of
cl ai m 10 wherein.the thickness of the titaniumlayer is fronfabbut 200 to
about 1200 angstronmns. 14. The net hod ofl8ctai m 10 wherein the nitrogen

cont ai ni ng at here.is selected from the group consisting of nitrogen

at nospher es d@}ﬁM&?ﬁ%&%Wn the Sondpigtormstaldayesis chosémirart thévgroapn
the barrier | IS chos fromthe group,of barrier |ayers consisting of
titani umtung@@hd'ﬁﬁ%?r “B@QY%WW&S&Q*H&MWWWI rigaetal layers ander s
16. The neth cl al. 0 erein . the conductor nmetal layer is chosen from
t he group ﬁ%ﬁ%&&@%@%ﬂ%@@q@m. sting of aluninum containing

conductor netal layers and copper containing conductor®* netal |ayers.



