| MPROVED | MP Ti N BARRI ER METAL PROCESS BACKGROUND OF THE I NVENTION 5 (1)
Field of the Invention The invention relates to the fabrication of
integrated circuit devices, and nore particularly, to a method for the
creation of a barrier layer for a tungsten interconnect. 10 (2) Description
of the Prior Art Conventional nethods of creating a tungsten interconnect,
such as a tungsten plug in a via or contact, follows procedures of first
creating an opening in a layer of dielectric by for instance plasna
etching of the layer of dielectri t he renoval 15 of the via or contact

exposure nask fol | owed By QVFHOFHBgﬁle%%R%£%Rdﬁ%ﬁﬂﬁ RRQEEdeposi ti on of an

adhesion layer and a barrier |ayer preferably by nethods of Physical Vapor
Deposition (PVD) and a final step of tungsten deposition, preferably by
Chem cal Vapor Deposition (CVD). 20 Typically, Ti is used for the adhesion
|l ayer while TiNis used forBAHEGCHEND &F TaFedNVENEGSNen is typically
deposited using a tungsten hexafluoride (WF6) gas. The barrier |ayer of
TiNis deposited over a layer of Ti, the TiN barrier serves as a

5 {1} Field of the Invention
The invention relates to the fabrication of integrated
circuit devices, and more particularly, to a method for the

creation of a barrier layer for a tungsten interconnect.

10 {2) Description of the Prior Art
Conventional methods of creating a tungsten interconnect,
such as a tungsten plug in a via or contact, follows procedures
of first creating an opening in a layer of dielectric by for
instance plasma etching of the layer of dielectric, the removal
15 of the wvia or contact exposure mask followed by a thorough
surface clean, the deposition of an adhesion layer and a barrier
layer preferably by methods of Physical Vapor Deposition (PVD)
and a final step of tungsten deposition, preferably by Chemical
Vapor Deposition (CVD).
20
Typically, Ti is used for the adhesion layer while TiN is
used for the barrier layer. Tungsten is typically deposited using
a tungsten hexafluoride (WFg) gas. The barrier layer of TiN is

deposited over a layer of Ti, the TiN barrier serves as a



1 protective |ayer against the tungsten hexafluoride (W6) gas and the
adhesi on layer of Ti during tungsten deposition. The adhesion |ayer of Ti
i nproves the adhesion of overlying netal filns to the oxide of the
surrounding dielectric of the via holes. 5 It is well known in the art that
a layer of TiNthat is deposited at |ow tenperatures suffers froma
relatively high resistivity, typically in excess of about 1,200 pmcm
This high resistance is undesirable for obvious reasons of having a 10

negative inpact on device performnce. Porosity and ?i h, oxy cont ent  of
the I ow t BABETGEUFe LTEGt cCOTHYRT Dfe THRPEpRTAr Fars TIHTSLTE el i (R
maj or contributors to the hggs resj stance of the deposited |ayer of Ti N
15 Cont i nEBEsAFREEIT OVRYSF divilde THIHENSITHRS SEReSCPREIEF 04t | DM Ffhesion
conductive interconnect ever nore challenging. Tungsten is _frequently used
for the cte¥ef off oflt HEPxdisudtiav@dhssdrgorteier LYhBS cReht ofl Bis to "the
hi gh- performance sem conductor devices, with their inherent requirenents
of reduct Puhdefof heiali smsivens ngf d2eldetvrée PEatle esladbidfe t herefrom
following increase in device density, lead to the creation of a relatively
t hi cker | ayer of
It is well known in the art that a layer of TiN that is
deposited at low temperatures suffers from a relatively high
resistivity, typically in excess of about 1,200 pm-cm. This high
resistance is undesirable for obvious reasons of having a
10 negative impact on device perfcormance. Porosity and high oxygen
content of the low-temperature created layer of TiN appear at

this time to be the major contributcors to the high resistance of

the deposited layer of TiN.

15 Continucus reduction in device dimensions makes the creation
of a conductive interconnect ever more challenging. Tungsten 1is
frequently used for the creation of the conductive interconnect.
The creation of high-performance semiconductor devices, with
their inherent requirements of reduction of the dimensions of

20 device features and the therefrom following increase in device
density, lead to the creation of a relatively thicker layer of

TiN as a barrier layer.



TiN as a barrier layer. 2 Wth increased thickness of the deposited |ayer
of TiN, the tenperature of the substrate increases during the deposition
of the layer of TiN If the relatively thick layer of TiNis deposited in
one pass (one processing step), the tenperature of 5 the substrate nmay
increase to the point where netal extrusion takes place. It is therefore
desirable to provide a nethod whereby a relatively thick |ayer of barrier
material can be created without suffering a negative inpact of increasing
tenperatures of. the substrate during barrier |ayer deposition. 10 US
6,326, 690 B2 (Yhy BRCEF25eEHOWC KSR BIN St derntidess . lays s, oL 855 Hie
(Zhao et al.) shows a two-step TIN barrier 15 20 process. US 6,043, 148
(Peng et hFTyeF¥alEf s0h FhR prbséssteusngreages23iurking diheal dgpahidvieora of
mul ti-layer TiN barrier |ayer process. SUMVARY OF THE | NVENTI ON

the layer of TiN. If the relatively thick layer of TiN is

deposited in one pass (one processing step), the temperature of
5 the substrate may increase to the point where metal extrusion
takes place. It 1is therefore desirable to provide a method
whereby a relatively thick layer of barrier material can be
created without suffering a negative impact of increasing

temperatures of the substrate during barrier layer deposition.

10
US 6,326,690 B2 (Wang et al.) shows a Ti/TiN stack process.
US 6,297,555 Bl (Zhao et al.) shows a two-step TIN barrier
process.
15
US 6,043,148 (Peng et al.) reveals a TiN process.
US 6,140,223 (Kim et al.) shows a multi-layer TiN barrier
layer process.
20

SUMMARY OF THE INVENTION

A principal objective of the invention is to provide a

method of creating a barrier layer for a tungsten interconnect.



I et o

A principal objective of the invention is to provide a nethod of creating
a barrier layer for a tungsten interconnect. 3 Another objective of the
invention is to provide a method for the creation of a barrier layer for a
tungsten interconnect whereby effects of tenperature. increase are
m nimzed. 5 Yet another objective of the invention is to provide a nethod
for the creation of a barrier layer for a tungsten interconnect w thout
i ntroducing netal extrusion. In accordance with the objectives of the
invention a new 10 nethod is provided for the creation of an
adhesi on/ bar r i &othger OBVt iifk chf a thgngdtv@ntiivhericbnhecProyigdeedt deetited
invention reduces netal extrusion and effects of pin-holes by dividing the
process ofobathterrmatéphabfok Haymdeposiavieon fant o t Wenphbersintehermbyct
after about half the thickness of the required layer of 15 Ti N has been
deposi t edvharebnteffmtdisated dredipespyutrhi aintagese oirdiminignideybsi t ed. After
the thin layer of Ti has been deposited, the deposition of the barrier
| ayer of TiNis continued to the point where the required thickness for
the |l ayer of Ti N has been reached. 20

5 Yet another objective of the invention 1s to provide a

method for the creation of a barrier layer for a tungsten

interconnect without introducing metal extrusion.

In accordance with the objectives of the invention a new
10 method is provided for the creation of an adhesion/barrier layer
over which a fungsten interconnect 1is created. The invention
reduces metal extrusion and effects of pin-holes by dividing the
process of barrier material of TiN deposition into two phases,
whereby after about half the thickness of the required laver of
15 TiN has been deposited, an intermediate and very thin layer of Ti
is deposited. After the thin layer of Ti has been deposited, the
deposition of the barrier layer of TiN is continued to the point
where the reguired thickness for the 1layer of TiN has Dbeen
reached.

20



4 BRI EF DESCRI PTI ON OF THE DRAW NGS Figs. 1 through 7 address a prior art
nmet hod of creating a tungsten interconnect, as follows: 5 Fig. 1 shows a
cross section of a substrate over the surface of which a patterned point
of electrical contact has been created, a |layer of ARC has been applied
for the patterning of the electrical contact, a |layer of dielectric has
been deposited. 10 Fig. 2 shows a cross section after an etch bl ocki ng mask
has been created over the layer of dielectric. Fig. 3 shows a cross section
after the layer of dielectric 15 have been etched in accordance with the
pattern of the etch bl ockKR¥y RISRIETEO8t OF BEECKRAYINEZK has been
renoved. Fig. 4 shows a cross section after glue and barrier |ayers have
been deposited. 20 Fig. 5 shows a cross section after deposition of a |ayer
of tungsten. 5

Figs. 1 through 7 address a prior art method of creating a

tungsten interconnect, as follows:

5
Fig. 1 shows a cross section of a substrate over the surface
of which a patterned point of electrical contact has been
created, a layer of ARC has been applied for the patterning of
the electrical contact, a layer of dielectric has been deposited.

10

Fig. 2 shows a cross secticon after an etch blocking mask has

been created over the layer of dielectric.

Fig. 3 shows a cross section after the layer of dielectric
15 have been etched in accordance with the pattern of the etch

blocking mask, the etch blocking mask has been removed.

Fig. 4 shows a cross section after glue and barrier layers
have been deposited.
20
Fig. 5 shows a cross section after deposition of a layer of

tungsten.

s



Fig. 6 shows a cross section after excess tungsten has been renoved from
the surface of the barrier layer. The process as described in Figs. 1-6
suffers occasionally 5 frommarginality issues because the Ti N ARC | ayer
must be made thin to prevent excessive netal height. The via etch process
is timed, resulting in inconsistency of the remaining TiN ARC after the
via etch. In sonme cases this results in etching through the ARC |ayer of
TiN and in "gauging" into the underlying alumnum 10 (see Fig. 7). Fig. 7
shows the cross section of (the conventionall experi enced probl em of)
et chi ng througﬁl%”b?e%RQW%r%uﬁﬁwistﬁ%Ct%%%e@f%$rﬁ$&§e§% THReI§ HReM3DrPeen
described using Figs. 8 through 14, as follows: Fig. 8 shows a cross
section cressvedciyon die swiflsser affe theobayererhbage# f ace of which a point
of electrical contact has been provided, a | ayer of ARC has been provided
for the patterning of the point of electrical contact, a patterned |ayer
of dielectric has been created. 6

The process as described in Figs. 1-6 suffers occasionally

5 from marginality issues because the TiN ARC layer must be made
thin to prevent excessive metal height. The wvia etch process is
timed, resulting in inconsistency of the remaining TiN ARC after
the via etch. In some cases this results in etching through the
ARC layer of TiN and in “gauging” into the underlying aluminum

10 (see Fig. 7).

Fig. 7 shows the cross section of (the conventionally
experienced preblem of) etching through (“break-through”) the
layer of ARC.

15
The invention 1is described using Figs. 8 through 14, as

follows:

Fig. 8 shows a cross section cross section of a substrate

20 over the surface of which a point of electrical contact has been
provided, a layer of ARC has been provided for the patterning of

the point of electrical contact, a patterned layer of dielectric

has been created.



Fig. 9 shows a cross section after deposition of a |ayer of adhesion
material after which a first layer of Ti N has been deposited. 5 Fig. 10
shows a cross section after depositing of an ultra thin layer of Ti. Fig.
11 shows a cross section after a second | ayer of Ti N has been deposited. 10
Fig. 12 shows a cross section after deposition of a |layer of tungsten. Fig.
13 shows a cross section after excess tungsten has been 15 renoved fromthe
surface of the second layer of TiN Fig. 14 shows a cross section after
excess materials have been renoved fromthe |ayer of dielectric. 20 Fig.
shows experineht@ ¥ e3RAYS dfCEubst Pateleenperl (FPPErFieimeice riéivay r@fto
the invention. 7 DESCRIPTI ON OF THE PREFERRED EMBCODI MENTS Conventi onal

met hods ofdgeeben nfeasraghesiioien aybicbver fwhipEh kavsar r pér Tidyehaps been
created are first briefly highlighted, 5 using Figs. 1 through 7 for this
pur pose. deposited.

5 Fig. 10 shows a cross section after depositing of an ultra-

thin layer of Ti.

Fig. 11 shows a cross section after a second layer of TiN
has been deposited.
10
Fig. 12 shows a cross section after deposition of a layer of

tungsten.

Fig. 13 shows a cross section after excess tungsten has been

15 removed from the surface of the second layer of TiN.

Fig. 14 shows a cross section after excess materials have

been removed from the layer of dielectric.

20 Fig. 15 shows experimental results of substrate ftemperature

performance relating to the inventicn.



Shown in the cross section of Fig. 1 is the surface of a sem conductor
substrate 10, a point of electrical contact 12 has been provided over the
surface of substrate 10, the electrical 10 contact 12 preferably conprising
al um num but not being Ilimted to alumnum An overlying and connecting
contact plug conprising tungsten is to be created aligned with point 12 of
electrical contact. 15 For this purpose, a (optional) |ayer 14 of Anti
Refl ective Coating (ARC) has been over the substrate 10 prior to the
patterning of electrical contact $oint 12. A layer 16 of dielectric is

a

deposi ted over the subSCFELETIONAPY etk HRFERRHEY FABOFMERESand 12 of

contact material (such as tungsten) have been 20 patterned, creating the
cross section of layers 14 and 12 that is shown in Fig. 2. The | ayer 14,
of ARC is applied for conventional purposes of enhancing photolithographic
exposur e perf FoRFRAE IBRalenBBENAGS| M ove@addpeh aft fHERicg AhaBRPOSUNEY
bl ocking mask 18, Fig. 2, preferably conprising photoresist, is next
creat ed oveichhe bayeiel6 lefredi élsectraated ap yi s ttonvest 1 vnhl givkt dividsd of
phot ol i t hogr aphi ¢ exposure and devel opnent.

5 using Figs. 1 thrcugh 7 for this purpose.

Shown in the cross section of Fig. 1 1is the surface of a
semiconductor substrate 10, a point of electrical contact 12 has
been provided over the surface of substrate 10, the electrical

10 contact 12 preferably comprising aluminum but not being limited
to aluminum. An overlying and connecting ceontact plug comprising
tungsten is to be created aligned with point 12 of electrical

contact.

15 For this purpose, a {optional) layer 14 of Anti Reflective
Coating (ARC) has been over the substrate 10 pricr tTo the
patterning of electrical contact point 12, A layer 1é of
dielectric is deposited over the substrate 10 after the layers 14
of ARC and 12 of contact material {such as tungsten) have been

20 patterned, creating the cross section of layers 14 and 12 that is
shown in Fig. 2. The layer 14, of ARC is applied for cocnventicnal
purposes of enhancing photolithographic exposure performance by

enabling improved depth of focus.



5 Fig. 3 shows a cross section of the structure after the |ayer 16 of
dielectric has been etched in accordance with the photoresist bl ocking
mask 18, creating opening 19 through the |ayer 16 of dielectric and
exposing the layer 14 of ARC overlying 10 the alum num contact point 12.
The structure shown in cross section in Fig. 3 is ready for the successive
deposition of a layer 20, of adhesion material, preferably conprising Ti,
and a layer 22, of barrier nmaterial, 15 preferably conmprising Ti N, over the
| ayer 16 and over inside surfaces of open|n§}19 created through the | ayer

16 of di el ect?? cS*AARIT Rt 2Kt thedle 9i ofs BF%f%¥ﬁﬁ%V|?PW?%ﬂs%?%ss
section of Fig. 4, 20 Layer 20 a Ti, is preferabl created using net hods of
PVD, to BhPRPERPES baBwaEi tabeXRatued amar 20deA ¢onms 6 |dyeflobechiic,
TiN, is also preferably created using nmethods of PVD, to a thickness

bet ween abBbtYPDD &AEVSBDigmYLt MERBOAS o mlgatcalatho&r@phzzp ofxpasigle, and
preferably conprising tungsten, is fornmed over the layer 22 of TiN In Fig.
6, the netavelayeen24 has been renoved fromthe

5
Fig. 3 shows a cross section of the structure after the
layer 16 of dielectric has been etched in accordance with the
photoresist blocking mask 18, creating opening 19 through the
layer 16 of dielectric and exposing the layer 14 of ARC overlying

13 the aluminum contact point 12.

The structure shown in cross section in Fig. 3 is ready for
the successive deposition of a layer 20, cof acdhesion material,
preferably comprising Ti, and a layer 22, of barrier material,

15 preferably comprising TiN, over the 1layer 16 and over inside
surfaces of opening 19 created through the layer 16 of
dielectric. The results of these depositions are shown in the

cross section of Fig. 4,

20 Layer 20 a Ti, is preferably created using methods of PVD,
to a thickness between about 100 and 200 Angstroms, layer 22, of
TiN, 1s also preferably created wusing metheds of PVD, to a

thickness between about 200 and 350 Angstroms.



5 surface of layer 22 to formthe via interconnect 24. |If tungsten is used
to create the netal interconnect 24, excess tungsten is renoved by CWP.
the process that has been descri bed above, if the TIN 10 barrier 22 is
formed to an increasing thickness. The thernmal budget is high, therefore
nmetal extrusions are fornmed due to the increasing tenperature. As the

integration of sem conductor devices increases, the problem of extrusion

further increases and the problem becones increasingly nore serious. 15
addition and as inperfections_in the deposition unifornité of the
deposited | ayet? 22 % TiN, api h2HBF es?f erfRf t dheFdrm PHeERE2BEPoSTPBRE 1 By

22 of TiN, potentially causing the layer 20 of Ti to be attacked by the
WF6 gas uS@gzfd ngl I Uifgsiesh oveg §BgoshyEBNZ2 catisTHY- ot her via rel ated

i ssues.

The above phenonena have been observed partially when an opening

In

In

bei ng created through the |layer 22 of barrier material and the |ayer 20 of
adhesi on material, exposing and further 10 attacking the layer 14 of ARCto
t he point wherEnafmigperfi,ngthse metafurkewreal éd halsr ouegdn t hembayér £rémoftHRC,
whi ch exposes | ayer 12

5

10

15

20

surface of layer 22 to form the via interconnect 24. If tungsten
is used to create the metal interconnect 24, excess tungsten is

removed by CMP.

In the process that has been described above, if the TiN
barrier 22 is formed to an increasing thickness. The thermal
budget is high, therefqre metal extrusions are formed due tc the
increasing temperature. As the integration of semiconductor
devices increases, the problem of extrusion further increases and

the preoblem becomes increasingly more serious.

In addition and as imperfections in the deposition
uniformity of the deposited layer 22 of TiN, pin-holes tend to
form in the deposited layer 22 of TiN, potentially causing the
layer 20 of Ti to be attacked by the WF¢ gas used during tungsten

deposition, causing other via related issues.

The above phenomena have Dbeen observed partially when an
opening being created through the layer 22 cof barrier material

and the layer 20 of adhesion material, exposing and further

10



of alum num The exposed |ayer 12 of alumnumis as a result affected,
resulting in reduced contact performance of the point 5 12 of electrical
contact. The cunul ative latter effects of chem cal interactions of the
processing steps that are required to create of tungsten interconnect
overlying the al um num point 12 of electrical 10 contact with the |ayers 22
of barrier material, 20 of adhesion material and 14 of ARC, is shown in
the cross section of Fig. 7. These interactions proceed, as shown in the
cross section of Fig. 7, to the point where the underlying |ayer 12 of.
aIuninun1F§ta%k¥%%téhﬁ YaRr il (e ARGr R &D6f PPRBTI YHBFE 121 0PPARLAF nbitn 13
15 "gauged". It nust thereby be enphasized that, where the effect of
gaugi ng ofUFReCkEeR e etb¥ Oy @y etha 2l afern| L aink RS, sWaheh | axPpges 71a¥sr bkf ng
a well-defined profile having a square-shaped cross 20 section, this
gaugi ng i Afr @édlumipung  gils t eapyse¢d peekikl dZandf n@luravapproaghed | pesult
profile by a sem-elliptic formw th a maxi num depth of gauging in the
center of abpented, 19esdltihe invertiuondt kenéhote prdvirdesce met hdte thatnt
allows for the creation of a tungsten interconnect overlying a al um num

5 12 of electrical contact.

The cumulative latter effects of chemical interactions of
the processing steps that are required to create of tungsten
interconnect overliying the aluminum point 12 of electrical

10 contact with the layers 22 of barrier material, 20 of adhesion
material and 14 of ARC, is shown in the cross section of Fig. 7.
These interactions proceed, as shown in the cross section of Fig.
7, to the point where the underlying layer 12 of aluminum is
affected, that is the surface of the layer 12 of aluminum is

15 “gauged”.

It must thereby be emphasized that, where the effect of

gauging of the surface of layer 12 of aluminum is shown in Fig. 7

as being a well-defined profile having a square-shaped cross

20 section, this gauging in reality is arbitrary in profile and may
be approached in profile by a semi-elliptic form with a maximum

depth of gauging in the center of opening 19.

11



point of electrical contact whereby negative effects of gauging of the
surface of the alum num point of contact are mnimzed or 5 elimnated.
The invention can be described by using Figs. 1 through 3 as prior art
that equally apply to the invention. These figures are therefore included
herein at this time by reference, Fig. 3 has 10 been re-created as Fig. 8
of the invention whereby Fig. 8 in addition shows the above expl ai ned

ef fect of surface gauging of Ilayer 12 of alum num Since Figs. 1 through 3
and by reference thereto Fig. 8 have previously been highlighted, these
figures do no?h%eéHVFBtb%nf%Pﬁﬁéﬁoﬁadﬁé§§é@e§tE%hm%tﬁ@%ethﬁ Fildows shens
a cross section of: - the surface of substrate 10 - a patterned | ayer 12
of al unmi nthecrangadd odverit e Subgsiare IFercoangatt epnerl ¥yer al4a bimAREn
created over the patterned layer 12 20 of alumnum- a |ayer 16 of

di el ectri podeposift edeovercehe conbsttatder@by- reayacpane raf e ter exf egatdinagh
a layer 16 of dielectric - the opening 19 extending through an underlying
patt er nedofayke sfidfefe ARC, theadaluminum point of contact are minimized or

5 eliminated.

The invention can be described by using Figs. 1 through 3 as
prior art that egually apply to the invention. These figures are
therefore included herein at this time by reference, Fig. 3 has

10 been re-created as Fig. 8 of the invention whereby Fig. 8 in
addition shows the above explained effect of surface gauging of
layer 12 of aluminum. Since Figs. 1 through 3 and by reference
thereto Fig. 8 have previously been highlighted, these figures do
not need to be further addressed at this time.

15

Fig. 8 shows a cross section of:
~ the surface of substrate 10
- a patterned layer 12 of aluminum created over the substrate 10
— a patterned layer 14 of ARC created over the patterned layer 12

20  of aluminum
— a layer 16 of dielectric deposited over the substrate 10
— an opening 19 created through a layer 16 of dielectric
- the opening 19 extending through an underlying patterned layer

14 of ARC, and

12



12 - the opening 19 extending into the surface of the patterned |ayer 12
of alumnum this latter extending is the above referred to "gaugi ng" of
the surface of layer 12. 5 As a first step, Fig. 9, the invention creates a
conventi onal adhesion/glue | ayer 20, preferably conprising Ti, over the
surface of the layer 16 of dielectric and over inside surfaces of the
opening 19 created through the |ayer 16 of dielectric, using nethods of
PVD and deposited to a preferred 10 thickness of between about 100 and 200
Angstrons. Next, as shown in cross section in Fig. 9, the invention starts
deposi ti ng a&hequPtetn®arPi eaxlenfdmdof iTiN Bledepusiadengod thier spakerned
initial barrier layer 26 of TiN over layer 20 of Ti but 15 interrupting
thi s deposieveonldfof hellmirerm,oftlifisN Ysdftere extendguir &d, thenabovdi vkimsse of
the barrier layer is obtained. First or initial barrier layer 26, of TiN,
pr ef er abl yohagaagindll ckhess: tdvatfaice alfolltyegual.to hal f the thickness of a
required 20 barrier layer of TiN. It can be stated as a rough gui de that
the first deposition 26, Fig. 9, of TiN, is to be termnated at the tine
that the thickness of the deposited barrier layer 26 of TiN reaches
bet ween about A9 amd GQ%sef tdwedhi ckigss of theereqwivie@dion creates a
conventional adhesion/glue layer 20, preferably comprising Ti,
over the surface of the layer 16 of dielectiric and over inside
surfaces of the opening 19 created through the layer 16 of
dielectric, using methods of PVD and deposited to a preferred

10 thickness of between about 100 and 200 Angstroms.

Next, as shown in cross section in Fig. 9, the ianvention

starts depositing a reguired barrier layer of TiN by depositing a
first or initial barrier layer 26 of TiN over layer 20 of Ti but

15 interrupting this deposition of the layer of TiN before a

reguired, final thickness of the barrier layer is obtained.

First or initial barrier layer 26, of TiN, preferably has a
thickness that is about equal to half the thickness of a reguired

20 Dbarrier layer of TiW. It can be stated as a rough guide that the
first deposition 26, Fig. 9, of TiN, is to be terminated at the
time that the thickness of the deposited barrier layer 26 of TiN
reaches between about 40 and 60% of the thickness of the required

barrier layer of TiN. For instance, if the thickness of the

13



barrier layer of TiN For instance, if the thickness of the 13 required
barrier layer of TiNis between about 200 and 350 Angstrons, then the

t hi ckness of the created | ayer 26 of TiN should be between about 100 and
175 Angstrons, with as a low limt of about 80 Angstromand a high limt
of about 210 5 Angstrom After the first or initial barrier |layer 26 of
Ti N has been deposited an ultra thin |layer 28 of Ti is deposited over the
| ayer 26 of TiN, as shown in the cross section of Fig. 10, using 10 nethods
of PVD, deposited to a preferred thickness of between about 10 and 50
Angst ronmsTe@ft 89S t hargliera- tayer | &fer T2B ofs Tibehiwsebeembdepogitledanghe3 50
creation of layer of barrier material conprising TiNis conpleted 15 by a
second orAfgsbromieposhennglef thyeknd®s o fTi he Frgeatdd dwerer the of TiN
ultra-thin layer 28 of Ti. Layer 30 is deposited to a thickness that

conpl et esshbeld eppei rked-vidurc kalesst ofl O0hearlsar L VBr AnlgayecmsfFomwittdhe abhowe low

i ndi cated preferred values of layer thickness, this results in a preferred
t hi cknessiintt!| ay®er a3@uaf 820 hedsweesm abowt 90 Abgh 1256 rigStofonabdhe 210
preferred thicknesses of the depositions of |ayers 20,

5 Angstrom.

After the first or initial barrier layer 26 of TiN has been
deposited an ultra thin layer 28 of Ti is deposited over the
layer 26 of TiN, as shown in the cross section of Fig. 10, using

10 methods of PVD, depeosited to a preferred thickness of between

about 10 and 50 Angstroms.

After the ultra-thin layer 28 of Ti has been deposited, the

creation of layer of barrier material comprising TiN is completed

15 by a second or final depositing of layer 30 of TiN, Fig. 11, over
the ultra-thin layer 28 of Ti. Layer 30 1is deposited to a
thickness that completes the required thickness of the bkarrier
layer. For the above indicated preferred values of layer
thickness, this results in a preferred thickness for layer 30 of

20 between about 90 and 125 Angstrom.

The preferred thicknesses of the depositions of layers 20,

26, 28 and 30 can be summarized as follows:

14



26, 28 and 30 can be summari zed as follows: 14 - |ayer 20, the adhesion

| ayer preferably conprising Ti, has a preferred thickness of between about
100 and 200 Angstrom - layer 26, the first or |ower |ayer of barrier
material preferably conprising TiN, has a preferred thickness of between
5 about 100 and 175 Angstrom - |ayer 28, the center |ayer of the conpound
barrier layer preferably conprising Ti, has a preferred thickness of

bet ween about 10 and 50 Angstrom - | ayer 30, the second or upper barrier

| ayer of barrier material 10 preferably comprising Ti N, has a preferred

t hi ckness~ off 2BEFfwedn  FifoldARRF 1Yy &Q%e%n%gg%ﬁ?blytﬁ@@é%ﬁ%n%rg#errhé‘é a
t hi ckness for the layer of barrier material Ti/TiNis, in accordance with
t he abovePFraffEae@d-hidiessof peérepnedbont ckhesand o#0Q Ay res 28 and
30, between about 200 15 and 350 Angstrom The cross section shown in Fig.
12 shows thata¥éle cdndudhievefiraterevnnkeisr prigfv@rablof cbaprisingnatuemgisaken
can be conpleted wth the deposition of |ayer 32, preferably conprising

t ungst en, p2efevarly heothpyiesiB) BEN,Ti Naand lprefldinyedl I hirdmmsisngp feXoeisseen

5 about 100 and 175 Angstrom
- layer 28, the center layer of the compound barrier layer
preferably comprising Ti, has a preferred thickness of between
about 10 and 50 Angstrom.
- layer 30, the second or upper barrier layer of barrier material
10 preferably comprising TiN, has a preferred thickness of between
about 90 and 125 Angstrom,
- the total preferred thickness for the layer of barrier material
Ti/TiN 1is, 1in accordance with the above indicated wvalues of
preferred thickness for layers 26, 28 and 30, between about 200

15 and 350 Angstrom.

The cross section shown in Fig. 12 shows that the conductive
interceonnect, preferably comprising tungsten can be completed
with the deposition of layer 32, preferably comprising tungsten,

20 over the layer 30 of TiN and by, Fig. 13, removing excess
tungsten from the surface of layer 30, using the layer 30 as.stop

layer.
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tungsten fromthe surface of layer 30, using the |layer 30 as-stop |ayer.
15 It is preferred that excess sem conductor nmaterials, such as |ayer 20
(of adhesion/glue nmaterial Ti), layer 26 (of barrier material TiN), |ayer
28 (of internmediate Ti) and layer 30 (of barrier material TiN) are further
removed fromthe surface of 5 dielectric layer 16, resulting in the cross
section that his shown in Fig. 14. The preferred nethod for the renoval of
these layers as shown in the cross section of Fig. 14 is Chem cal
Mechani cal Polishing (CW) of the exposed surfaces. 10 The cross section
shown in Fig. 44 Sheigiddady thidi C4ces§sancmapsSBABeter hataridprot rikdordand
an absence of pinholes in the |I|ayers overlying the layer 20 of Ti.
| nproved 3ay¢acelprcifecefbpsionfolure nayeriad )T lwasen hebeflefe Wanier
provi ded by the invention resulting in an conductive interconnect 32, Fig.
13, of 1Baiepravedilihd degseredddepodi tnonrohdiateeligt iaowl TYaeer 30 (of
ef fectiveness of controlling substrate tenperature during the creation of
gl ue/ adhesaoni¢ayenseandl a Thanr isre | Ayether s reuctvedr fenmonshe atsed fhyet het
experinental results that are 20 shown in graphic formin Fig. 15.
5 dielectric layer 16, resulting in the cross section that his
shown in Fig. 14. The preferred method for the removal of these
layers as shown in the c¢ross section of Fig. 14 1is Chemical

Mechanical Polishing (CMP} of the exposed surfaces.

10 The cross section shown in Fig. 11 specificalliy indicates an
absence of metal protrusion and an absence of pinholes in the
layers overlying the layer 20 of Ti. Improved surface protection
for the layer 20 o¢f Ti has therefore been provided by the
invention resulting in an conductive interconnect 32, Fig. 13, of

15 improved and desired deposition characteristics.

The effectiveness of controlling substrate temperature
during the creation of glue/adhesion layers and a barrier layer
is further demonstrated by the experimental results that are

20 shown in graphic form in Fig. 15.

Along the horizontal or X-axis are shown a seguence of

wafers that are used for the experiments, each wafer having been

16



Al ong the horizontal or X-axis are shown a sequence of wafers that are used
for the experinents, each wafer having been 16 provided with an
identification nunber such as wafer #0, wafer #25, wafer #50, etc. Al ong
the vertical or Y-axis is shown the substrate 5 tenperature after the
deposition of the glue layer of Ti and the barrier layer of TiN and prior
to the deposition of the tungsten. Four different scenarios are shown in
Fig. 15, as follows: 1. Measurenents highlighted as points "a" of

nmeasur ement s r&%@t 10 to the conventional, Plan-O-Record (POR) creation

e.

of a tungBFBRITHE el'¢bRn&E %ﬁﬁﬂ%ﬁﬁﬁf%§l§@0I%ﬁﬁ%%?oﬁ%cqh?EkWPéﬁér*%% BiaTN
2. Measurenents highlighted as points "b" of neasurenents relate to the
convent i ohaP; PRERE F2Re @t (POR) creation of a 15 tungsten interconnect
applying a 200 Angstrons thick layer of Ti/TiN 3. Measurenents highlighted
as points "c" of neasurenents relate to the creation of a tungsten
i nterconnect using the two-step application of the invention of the |ayer
of barrier matkglé¢md 20heonpersiegl Tidy appiying &s 306hdwyst tioes shbskraager
of Ti/TiN

5 temperature after the deposition of the glue layer of Ti and the

barrier layer of TiN and pricr to the deposition of the tungsten,

Four different scenarios are shown in Fig. 15, &s follows:
1. Measurements highlighted as points “a” of measurements relate
10 to the conventional, Plan-0Of-Record (POR) creation of a
tungsten interconnect applying a 300 Angstroms thick layer of
Ti/TiN
2. Measurements highlighted as points “b” of measurements relate
to the conventional, Plan-0f-Record (POR) creation of a
15 -+ tungsten interconnect applying a 200 Angstroms thick layer of
Ti/TiN
3. Measurements highlighted as points “c¢” of measurements relate
to the creation of a tungsten interconnect using the two-step
application of the invention of the layer of barrier material
20 comprising TiN, applying a 300 Angstroms thick layer of Ti/TiN
4. Measurements highlighted as points “d” of measurements relate
to the creation of a tungsten interconnect using the two-step

application of the invention of the layer of barrier material
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4. Measurenents highlighted as points "d"' of neasurenents relate to the
creation of a tungsten interconnect using the two-step application of the
invention of the layer of barrier material 17 conprising Ti N, applying a
200 Angstrons thick layer of Ti/TiN To highlight the effectiveness of the
invention, nmeasurenents 5 "a" nust therefore be conpared with nmeasurenents
"c¢" and neasurenents "b" nmust be conpared with neasurenents "d", since "a"
and "c" address the creation of a 300 Angstrons thick |ayer of barrier
material and "b" and "d" address the creation _of a 200 Angstrons t hi ck

| ayer of bafPfEFfiaPeri 4t 1078 othese FESuPBRERTS™Ft ERHCHe UHETT vedf

t hat neasurenent points "c" (the two step deposition of the invention for
the creatidA/dfNa 300 Angstrons thick layer of Ti/TiN) are about 50
degrees C | ower than neasurenent points "a". Further, neasurenent 15 points
"d" (the two step deposition of the invention for the creation of a 200
Angstrons thick layer of Ti/TiN) is about 40 degrees C |ower than

measur enent Tpoitritghil'iight Ties ee § actarvegigser vt | O EovdRthon haned hleranentss ep

5 “*a” must therefore be compared with measurements “c” and
measurements “b’ must be compared with measurements “d”, since
“*a” and “¢” address the creation of a 300 Angstroms thick
layer of barrier material and “b” and “d” address the creation
of a 200 Angstroms thick layer of barrier material.
10
From these measurements it can be observed that measurement
points “c” (the two step deposition of the invention for the
creation of a 300 Angstroms thick layer of Ti/TiN) are about 50
degrees C lower than measurement points “a”. Further, measurement
15 points “d” (the two step deposition of the invention for the

creation of a 200 Angstroms thick layer of Ti/TiN) is about 40

degrees C lower than measurement pocints “b”.

These latter observations confirm that the two step
20 deposition of the invention for the creation of a barrier layer
of TiN reduces the temperature cof the substrate during the

deposition of the layer of barrier material.

18




20 deposition of the invention for the creation of a barrier layer of TiN
reduces the tenperature of the substrate during the deposition of the

| ayer of barrier material. 18 Although the invention has been described and
illustrated with reference to specific illustrative enbodi nents thereof, it
is not intended that the invention be limted to those illustrative

enbodi nents. Those skilled in the art will recognize 5 that variations and
nodifications can be nmade without departing fromthe spirit of the

i nvention. is therefore intended to include within the invention al

such var|at|oﬁ¥j§HH“ﬁhDH??lGQFFBHéoﬁhﬁEﬁSf%??nmﬁ?ﬁFﬁlPﬁg $EGpet bFUT RS

appended clains _and equival ents thereof. 10 15 20 19 What is clained is:
1. A proc@%%hféﬁf?ﬁ%n%?eEPl@@e§ﬂfécnéﬂémﬁtﬁﬁéﬂ€8nﬁ@%PdévéPté Ghayeofef it

adhesion material and a |ayer of barrier material having 5 a thickness,
conprisings mnot intended that the invention be llmlted to those

illustrative embodiments. Those skilled in the art will recognize

5 that wvariations and modifications can be made withoui departing
from the spirit of the invention. It is therefore intended to
include within the invention all such variations and
modifications which fall within the scope of the appended claims
and equivalents thereof.

10

15

20
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providing a substrate, the substrate having been provided wth at |east
one point of electrical contact in or over the surface thereof, a
patterned | ayer of Anti Reflective Coating (ARC) having been deposited
over at |east one point of electrical 10 contact; depositing a |ayer of
dielectric over the substrate, including the surface of the patterned

| ayer of Anti Reflective Coating (ARC); patterning and etching the | ayer
of dielectric, creating at 15 | east one opening there-through and through
said layer of ARC, . exposing and further interacting with the at |east one
poi nt of "BPECLFi cHPiBehtlTt; depositing a layer of adhesion material over
the layer of dielectric, including inside surfaces of the at | east one 20
openi ng; depositing a |layer of barrier material over the |layer of adhesion
material, the layer of barrier material conprising a first or |ower and a
second or lupgerPragess ofobartticer creeeidml ofsepanated Bytarcenneat |copger af
adhesion material; 20 depositing a | ayer of conductive nmaterial over the

| ayer of layer of adhesion material and a layer of barrier material having

5 a thickness, comprising:
providing a substrate, the substrate having been provided
with at least one point of electrical contact in or over the
surface thereof, a patterned layer of Anti Reflective Coating
(ARC) having been deposited over at least one point of electrical
10 contact:
depositing a layer of dielectric over the substrate,
including the surface of the patterned layer of Anti Reflective
Coating (ARC);
patterning and etching the layer of dielectric, creating at
15 least one opening there-through and through said layer of ARC,
exposing and further interacting with the at least one point of
electrical contact;
depositing a layer of adhesion material over the layer of
dielectric, dincluding inside surfaces of the at least one
20 opening;
depositing a layer of barrier material over the layer of
adhesion material, the layer of barrier material comprising a
first or lower and a second or upper layer of barrier material

separated by a central layer of adhesion material;

20



barrier material, filling the at | east one opening; and renovi ng excess
material fromthe |ayer of dielectric. 5 2. The nethod of claim1l1, the at
| east one point of electrical contact conprising alumnum 3. The nethod of
claim1l1, the adhesion material conprising Ti. 10 4. The nethod of claim1,
the barrier material conprising TiN. 5. The nethod of claim1, the central
adhesion material separating the first or |ower |ayer of barrier materi al
fromthe second or upper |ayer of barrier material having a thickness 15
bet ween about 10 and 50 Angstrons. 6. The nethod of claim11, the conductive
mat eri al conprfePPYL iyt elPrYSD 9L TERAVRRHGY Rt g imaven Hd s jkasterorof
| ower |ayer of barrier material having a thickness between about 0.40 and
0.60 of aParhiekrexewialy |faydringf thar pteteant el opexiirgy; Bie net hod of
claim1l, the second or upper |ayer of barrier material having a thickness
bet ween about DemQV M B somagertfihilcknenstiof hayewerf ofiddamativdc.mat eri al .
5 9. The nethod of claiml1, the first layer of barrier material having a
t hi ckness between about 100 and 175 Angstrom

5 2. The method of claim 1, the at least one point of electrical

contact comprising aluminum.
3. The method of claim 1, the adhesion material comprising Ti.

10 4. The methed of claim 1, the barrier material comprisiang TiN.
5. The method of <c¢laim 1, the central adhesion material
separating the first or lower laver of barrier material from the
second or upper layer of barrier material having a thickness

15 between about 10 and 50 Angstroms.

6. The method of claim 1, the conductive material comprising

tungsten.
20 7. The method of claim 1, the first or lower layer of barrier

material having a thickness between about 0.40 and 0.60 of a

thickness of a layer of barrier material.
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10. The nmethod of claim1, the second |ayer of barrier material having a

t hi ckness between about 90 and 125 Angstrom 10 11. A process for the

creation of a netal interconnect over a |ayer of glue material and a | ayer

of barrier material having a thickness, conprising: providing a substrate,

t he substrate having been provided 15 with at |east one point of

el ectrical contact in or over the surface thereof, said at |east one point

of electrical contact being covered with a |layer of Anti Reflective

Coat i ng (ARC% a patterned |ayer of dielectric having been deposited over

the subsBrafBen@¢thgdartl dstilore opfehi AGCPRGr BTt MPBEGH 1@t HlouRpr e T

said | ayer of ARC being aligned with at | east one point of electrical

contact, BarerbpenhAylegpcsi laliakeesaubetyegaugionytof 0- 4he aad | et offie a

poi nt of electrical contact; 22 depositing a first |ayer of adhesion

mat eri al tverkndes |efyer laoferdiod] berriier mateéudihg inside surfaces of the at

| east one opening; depositing a first |ayer of barrier material over the

first 5 layer of adhesion material to a thickness being equal to between
5 9. The method of cilaim 1, the first 1layer of barrier material

having a thickness between about 100 and 175 Angstrom.

10. The method of claim 1, the second laver of barrier material
having a thickness between about 90 and 125 Angstrom.
10
11. A process for the creation of a metal interconnect over a
layer of glue material and a layer of barrier material having a
thickness, comprising:
providing a substrate, the substrate having been provided
12 with at least one point of electrical contact in or over the
surface thereof, said at least one point of electrical contact
being covered with a layer of Anti Reflective Coating (ARC), a
patterned layer of dielectric having been deposited over the
substrate having at least one opening there-through and through
20 said layer of ARC being aligned with at least one point of
electrical contact, said opening exposing and causing gauging of

the at least one point of electrical contact;
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about 0.40 and 0.60 of a thickness of a layer of barrier material;
depositing a second | ayer of adhesion material over the first |ayer of
barrier material; 10 depositing a second |ayer of barrier material over the
second | ayer of adhesion material to a thickness being equal to between
about 0.40 and 0.60 of a thickness of a |ayer of barrier material;
depositing a | ayer of conductive material over the second 15 |ayer of
barrier material, filling the at | east one opening; and renoving excess
material fromthe surface of the |ayer of dielectric. 12. The nethod of
claim 11, the $&PPTHsDrie Pdish lopeal ot prhgrion Bakertdl conpri shaglaver
alum num 13. The nethod of claim 11, the first and second | ayer of
adhesi on ft efiiediecdaipri sitgluding3ingidghsurdelses off clthemdll, lehstf i ene
and second | ayer of barrier material conprising Ti N. 15. The nethod of
claim 11, cpheirectond | ayer of adhesion material 5 being deposited to a
t hi ckness between about 10 and 50 Angstrons.

depositing a first layer of barrier material over the first

5 layer of adhesion material to a thickness being equal to between
about 0.40 and 0.60 of a thickness of a layer of barrier
material;

depositing a second layer of adhesion material over the
first layer of barrier material;

10 depositing a second 1layer of barrier material over the
second layer of adhesion material to a thickness being equal to
between about 0.40 and 0.60 of a thickness of a layer of barrier
material;

depositing a layer of conductive material over the second

15 layer of barrier material, filling the at least one opening; and

removing excess material from the surface of the layer of

dielectric.

12. The method of claim 11, the at 1least one point of electrical

20 contact comprising aluminum.

13. The method of claim 11, the £first and second layer of

adhesion material comprising Ti.

23



16. The nmethod of claim 11, the conductive material conprising tungsten. 10
17. The nmethod of claim 11, the thickness of the |layer of barrier nmaterial
bei ng between about 200 and 350 Angstrom 18. The nmethod of claim 11, the

t hi ckness of the first |ayer of barrier material being between about 100
and 175 Angstrom 15 19. The nethod of claim 11, the thickness of the
second | ayer of barrier material being between about 90 and 125 Angstrom
20. A process for the creation of a netal interconnect over a 20 |ayer of
glue material _and a | ayer_of barrler mat er.i al having a thickness,

conpri si ng? - pFo%i B MPd Susskaidt &1 ﬁ@eslfB§t‘5|taf"Bdh59Fﬁ§db%%)ﬁef)r%@l]%I%‘ﬂrl‘\?\%th
at | east one point of electrical contact in or over the surface thereof,
sai d at |Bakerbhk PIRRLOM%RTddtrical contact 24 being covered with a Iayer
of Anti Reflective Coating, at |east one opening having been created
through a layer of dielectric deposited over the substrate aligned with
said at | east one point of electrical contact, said at | east one opening
further 5l1penhe an¢niged hef | @laim dfl ,ARBGe eeposidndagrd géugidngsioe matéehst

5 being deposited to a thickness between about 10 and 50 Angstroms.

16. The method of claim 11, the conductive material comprising

tungsten.

10 17. The method of claim 11, the thickness of the layer of barrier

material being between about 200 and 350 Angstrom.

18. The method of claim 11, the thickness of the first layer of
barrier material being between about 100 and 175 Angstrom.

15
19. The method of claim 11, the thickness of the second layer of

barrier material being between about 90 and 125 Angstrom.

20. A process for the creation of a metal interconnect over a

20 layer of glue material and a layer of barrier material having a
thickness, comprising:

providing a substrate, the substrate having been provided

with at least one peoint of electrical contact in or over the

surface thereof, said at least one point of electrical contact
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one point of electrical contact; depositing a first layer of Ti over the

| ayer of dielectric, including inside surfaces of the at |east one

openi ng; depositing a first layer of TiN over the first layer of 10
adhesion material to a thickness being equal to between about 0.40 and
0.60 of a thickness of a |ayer of barrier material; depositing a second

| ayer of Ti material over the first |layer of barrier material; depositing
a second | ayer of TiN over the second Iayer of 15 adhesion naterial to a

t hi ckness, _bei ng e%% t o, between about 0.40 and 0.60 of a thickness of a
| ayer of B&+P7eFohBtedi YithgépdsverngTa ﬁr&ferReoﬁle&&ﬁd’@ctq%wfeﬁ%l%ﬁ@F
the second |layer of barrier material, filling the at |east one opening;

and remp¥Nfg oBREEES hRwI%I PesRNCEREtSHr fAceUSh the lREgEr off dpBlectric
dielectric. 21. The nethod of claim 20, the at | east one point of
el ectri cafleponited evvipring r@lhm;mtmmllgsegzwwhesnﬂh@a beagt appr 200inhe
second | ayer of adhesion material being deposited to a thickness between
about 10 ahd 50ephystzbnscorBaclhe seidodaof téasin 20net hepewimuct fwether
mat eri al conpri sing
5 penetrating the layer of ARC, exposing and gauging the at least
one point of electrical contact;
depositing a first layer of Ti over the layer of dielectric,
including inside surfaces of the at least one opening;
depositing a first layer of TiN over the first layer of
10 adhesion material to a thickness being equal to between about
0.40 and 0.60 of a thickness of a layer of barrier material;
depositing a seceond layer of Ti material over the first
layer of barrier material;
depositing a second layer of TiN over the second layer of
15 adhesion material to a thickness being equal to between about
0.40 and 0.60 of a thickness of a layer of barrier material;
depositing a layer of conductive material over the second
layer of barrier material, filling the at least one opening; and

removing excess material from the surface of the layer of

20 dielectric.

21. The method of claim 20, the at least one point of electrical

contact comprising aluminum,
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5 tungsten. 24. The method of claim20, the thickness of a |layer of barrier
mat eri al bei ng between about 200 and 350 Angstrom 10 25. The net hod of
claim 20, the thickness of the first layer of Ti being between about 100
and 200 Angstrom 26. The nethod of claim 20, the thickness of the first

| ayer of Ti N being between about 100 and 175 Angstrom 15 27. The net hod of
claim 20, the thickness of the second | ayer of Ti N being between about 90
and 125 Angstron1 28 A netal interconnect over a | ayer of adhesion

i al d I f b
Conpr i o1 g2 & R I oF r‘féLaglEf{)?tr’at e B6ERE noanpr 8t %%faew% Tt eTak:
one point_of electrical_ contact over the surface ther a Ia%gr of
ARC havi ngSbRerf§ruvh et T6v ér tthFIEkBFSFeB%‘Ewe%rhealb%‘i”htloofaDéi e ﬁ“@&ltro :

contact, at |east one opening having been 26 created through a | ayer of

di el ectric aligned with the at |east one point of electrical contact, said
at |east one opening penetrating the |ayer of ARC exposing and gauging the
at | east 28neTP6i MetoOdel Xt Fleth eBnt &d; conductive material comprising

5 tungsten.

24. The method of claim 20, the thickness of a layer of barrier

material being between about 200 and 350 Angstrom.

10 25. The method of c¢laim 20, the thickness of the first layer of

Ti being between about 100 and 200 Angstrom.

26. The method of claim 20, the thickness of the first layer of
TiN being between about 100 and 175 Angstrom.

15
27. The method of c¢laim 20, the thickness of the second layer of

TiN being between about 90 and 125 Angstrom.

28. A metal interconnect over a layer of adhesion material and a

20 layer of barrier material having a thickness, comprising:
a substrate, the substrate having been provided with at
least one point of electrical contact in or over the surface
thereof, a layer of ARC having been provided over the at least

one point of electrical contact, at least one opening having been
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5 a layer of adhesion material over inside surfaces of the at |east one
~opening; a |layer of barrier material over the |ayer of adhesion nmaterial,
the |l ayer of barrier material conprising a first or |ower |ayer of barrier
material and a second or upper |ayer of 10 barrier material separated by a
central |ayer of adhesion material; and a | ayer of conductive materi al

over the layer of barrier material, filling the at | east one opening. 15
29. The net aI i nterconnect of claim28, the at | east one point of

el ectrical | SI al um.n m 30, The tal .interc nnect f claim
28, the aaﬁ%m on %lé FfsPhg Ele%réf Eﬁignﬁgt ar %lgln&?leconne Jaake)

claim28, the ba,rrler rlal %ﬁ;rprlsm TiN 2 gﬁe

i nt er conn88t O i |‘?1]528e ?Wérla siGRHrater i §fY sé?}'ar Re0] tﬁ%efl‘?%‘?mo‘?g
| ower | ayer of barrier material fromthe second or upper |ayer of barrier
mat eri al H%{}‘?Eﬁa%“i%l EW&%e%%YeBe%ﬁ%bﬁmoﬁ@%nﬂn‘iOGaﬂﬁbggr pE. at least

one point of electrical contact;
5 a layer of adhesion material over inside surfaces of the at
least one opening:;

a layer of barrier material over the layer of adhesion
material, the layver of barrier material comprising a first or
lower layer of barrier material and a second or upper layer of

10 barrier material separated by a central layer of adhesion
material; and

a layer of conductive material over the layer of barrier

material, filling the at least one opening.

15 29. The metal interconnect cf claim 28, the at least one point of

electrical contact comprising aluminum.

30. The metal interconnect of claim 28, the adhesicn material
comprising Ti.

20
31. The metal interconnect of c¢laim 28, the barrier material

comprising TilN.
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5 33. The netal interconnect of claim28, the conductive materi al
conprising tungsten. 34. The netal interconnect of claim?28, the first or

| ower layer 10 of barrier material having a thickness being equal to

bet ween about 0.40 and 0.60 of the thickness of the |layer of barrier
material. 35. The netal interconnect of claim28, the second or upper |ayer
15 of barrier material having a thickness being equal to between about O0.40
and 0. 60 of the thickness of the |ayer of barrier material. 36. A tungsten
i nt erconn er a I er of ue material. and a 20 | ayer of barrier

mat eri al é a T négEerg%%??%l Ry: AEFostsat éhet PRSI Jtat¢atd hg
been provi ded wth at | east one point of el ectrical contact in or over the
surface PRBFEDFING HattbthzlH ?’éyg?w%lf KR havt nR BRERT JRave el ofeam tiHee
at | east one point of electrical contact, at |east one opening 28 aligned
with the ABCPRASOTONEPRRF ntlagkrel @kt PREARCEoMA@T iiftdyi hgvinden chlbhtltess
through a layer of dielectric deposited over the substrate, said at |east
one openi Agtpesrtdeihg Gang gA0 dngsgroms.

5
33. The metal interconnect of claim 28, the conductive material

comprising tungsten.

34. The metal interconnect of claim 28, the first or lower layer
10 of barrier material having a thickness being egual to between
about 0.40 and 0.60 of the thickness of the layer of barrier

material.

35. The metal interconnect of claim 28, the second or upper layer
15 of barrier material having a thickness being equal to between
about 0.40 and 0.60 of the thickness of the layer of barrier

material.

36. A tungsten interconnect over a layer of glue material and a

20 layer of barrier material having a thickness, comprising:
a substrate, the substrate having been provided with at
least one point of electrical contact in or over the surface
thereof, a patterned layer of ARC having been provided over the

at least one point of electrical contact, at least one opening
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| ayer of ARC, exposing and gauging said patterned at | east one 5 point of
el ectrical contact; a first layer of Ti deposited over sidewalls of the at
| east one opening; a first layer of deposited TiN over the first |ayer of
Ti to a thickness being equal to between about 0.40 and 0.60 of a 10

t hi ckness of a layer of barrier material; a second |ayer of Ti deposited
over the first layer of TiN, a second |layer of Ti N deposited over the
second layer of Ti to a thickness being equal to between about 0.40 and
0.60 of a _thickness of a layer of barrier material; and 15 a | ayer of
tungsten ﬂ%b%%??eﬂlﬁ@th?h%tséﬁﬁﬁﬁ PR§ePOLRETPR, SLECFFIPRL t ARNERCT BT iDfe
openi ng. 37. The tungsten interconnect of claim36, the at |east one point
of el ectrPEal CoRPAEE CAMAUMEI ng ARURFNAE SDeBBCtThe Cergstieadi mvercorhect
of claim 36, the second |ayer of Ti having a thickness between about 10 and
50 Angstréﬁ%stlz@t%:g salgl ae/ Baasiteroncay@Reni e poRelr Peteedr &d npehrerned

i nterconnect created though an opening is a dielectric, conprising:
layer of ARC, exposing and gauging said patterned at least one

5 point of electrical contact;
a first layer of Ti deposited over sidewalls of the at least
one opening;
a first layer of deposited TiN over the first layer of Ti to
a thickness being equal to between about 0.40 and 0.60 of a
10 thickness ¢f a layer of barrier material;
a second layer of Ti deposited over the first layer of TiN;
a second layer of TiN deposited over the second layer of Ti
to a thickness being equal to between about 0.40 and 0.60 of a
thickness of a layer of barrier material; and
15 a layer of tungsten deposited over the second layer of TiN,

filling the at least one opening.

37. The tungsten interconnect of claim 36, the at least one point
of electrical contact comprising aluminum.

20
38. The tungsten interconnect of claim 36, the second layer of Ti

having a thickness between about 10 and 50 Angstroms.
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a layer of adhesion material over the layer of dielectric, including

i nside surfaces of the opening; 5 a layer of barrier material over the

| ayer of adhesion material, the |ayer of barrier nmaterial conprising a
first or |ower and a second or upper |ayer of barrier material separated
by a central |ayer of adhesion material. 10 40. The glue/barrier |ayer of
claim 39, the adhesion material conprising Ti. 41. The glue/barrier |ayer
of claim39, the barrier material conprising TiN 15 42. The glue/barrier

| ayer of aim39, the central |ayer of adhesion material separating the
tiret or Foaek PAyefCoFibat: e

barrier material _having a thickness between about 10 and 100 Angstrons.
43. The gFtePbaTriReUI YT WErdng ms39, dLReSRBEAF, | FOBPEOHHELt conpri si ng
tungsten. 30 44. The glue/barrier layer of claim39, the first or |ower

| ayer of barr#et2igferifalrdhediing AeisicdéRAesyBeity ek t of beiabeatric,

including inside surfaces of the opening;

5 a layer of barrier material over the layer of adhesion
material, the layer of barrier material comprising a £first or
lower and a second or upper layer of barrier material separated

by a central layer of adhesion material.

10 40. The glue/barrier layer of claim 39, the adhesion material

comprising Ti.

41. The glue/barrier layer of claim 39, the barrier material

comprising TiN.

15
42. The glue/barrier layer of c¢laim 39, the central layer of
adhesion material separating the first or lower layer of barrier
material from the second or upper layer of barrier material
having a thickness between about 10 and 100 Angstroms.

20

43. The glue/barrier layer of claim 39, the metal interconnect

comprising tungsten.

30
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about 0.40 and 0.60 of a thickness of a |ayer of barrier
| ayer of claim 39,
havi ng a thi ckness bei ng equal
mat eri al .

The gl ue/ barrier

mat eri al

a thickness of a |layer of barrier

10

44. The glue/barrier layer of claim 39,

of barrier material having a thickness being equal

about 0.40

material.

and 0.60

of

t he second or

a

t o bet ween

thickness

45. The glue/barrier layer of claim 39,

of barrier material having a thickness being equal

about 0.40

material.

and 0.60

of

a

thickness

31

10 31

upper
about

| ayer

the first or

of

the second or

of

d

a

layer

layer

material. 5 45.

of barrier

0.40 and 0. 60 of

lower layer
to between

of barrier

upper layer
to between

of barrier
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