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I NVENTION 5 (1) Field of the Invention O 8 FEB 2006 The Inventlf?kﬁﬁé?&ﬁﬁ
to the fabrication of integrated: clmm |H|I|mml’mm and nore t)g:] ,
to a nethod for the creation of a r for a t ungs hods of
interconnect. 10 (2) Description of theidsseor Art Conventional nethods
creating a tungsten interconnect, such as a tungsten plug in a via orf
contact, follows procedures of first creating an openlng in allagerco
dielectric by for instaneropkasmpetchi BERRIER "{ cg tehefOL' c
removal 15 of the via or contact exposure mask fo y a tho Ig
surface clean, the deposition of an adhesion |ayer and a barrier alyert
preferably by nethods of Physical Vapor Deposition (PVD) an? gnkaSD)s 38
of tungsten deposition, prefegfy G&O%chﬁ%n&%%wﬁN¥EB¥ﬁ Dep03| ;d ASVD
Typically, Ti is used for the adhesion [fayer us

barrier layer. Tungsten is typlcally deposi ted using

t he

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 via 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 Depqsition (CVD) .
20
Typically, Ti is used for the adhesion layer while TiN is
used for the barrier layer. Tungsten is typically deposited using
a8 tungsten hexafluoride (WFg) gas. The barrier layer of TiN is

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

T
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. PN i ited
) | ayer of TiNis deposi
| uori de (WF6) gas. The barrier * FE s
gvgrngsfggereé?fTF, t he %iN barrier seLvesf?aO?iée*gggggzgag 3%& Etﬁeﬁiﬁ
i ainst the tungsten hexafl ¢ laver of Ti
p&ﬁé?féhvfaL§¥eEfa$i during tungsten deposition. The adhesion ay
a

[ [ i de of the
i ves the adhesion of overlying netal filnms to tPF kgg;ﬂ or e
gzrigunding dielectric of the via holes. 51t is we

i i eratures suffers froma
a layer of TiNthat is deposited at |ow tenp 0 about 1200 prcm

reIativePfoﬁﬁghiVEeQESEtvbbﬁin%%mﬂ%Q'6&3&%&%9 %%Fgaﬁﬂﬁ§Qﬁ HeRe) ngaa Hhd

lati ; : irable for ‘obviou _ t of
high resistance is undesira , hi gh oxygen conten

IQIth [ i/gthﬁpadhe@nonieyay@r S@ngiepalg]fc?q? E‘Q%,g%ée% n ?é‘gpqqﬁgtgiqn }/rﬂ‘fteo amletS_?_.@ﬁ
low-tenperature created |a i he deposited layer of Ti

tmgjeor Coh@ggbud?f)r’sitgngbf@vé% 9fhd e§c’(iﬁésaizogrieoo m@gt 5 J'{”r%e mertedt ifdimsotodthe

15 Continuous reduction in device dine Tungsten is frequently used

i oned : .chal | engi ng. . .

' of
For the croation of the ceRBuat vASIRFGrd nfecthe e oz on
hi ghoper f or mance sem conductor devices, wit

It is well known in the art that a layer of TiN that is
deposited at 1low temperatures suffers from a relatively high
resistivity, typically in excess of about 1,200 Hm=cm. This high
resistance is undesirable for obvious reasons of having a

10 negative impact on device performance. Porosity and high oxygen

content of the low-temperature Created layer of TiN appear at

15 Continuous reduction in device dimensions makes the creation
of a conductive interconnect ever more challenging. Tungsten is
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.



their inherent requirenents of reduction of the dinensions of 20 device
features and the therefromfollow ng increase in device densiedy, lead to
the creation of a relatively thicker layer of TiN as a barri BIEEBrZUUﬂ 0
8 FEB 2006 Wth increased thickness of the deposited |ayer of TiN, the
tenperature of the substrate increases during the deposition of the |ayer
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

poi nt where n¥tah érxtrasbea thakes pkage. .lt is therefore desirable to
provide a method whereby a relati Serg(t?hitéﬁ F&pesisrdbdryier ofatmeni al ean

be creat@lParahone stf frer NG5 tiive i npact of increasing tenperatures
of the substrate during barrier 1ayer depo¥iisoduss, 8R6, 620082t ¥ang et

al .) shotkea IEyek Nogt agkypr oces US 6, 297,555 Bl (Zhao et al.) shows a
two-step TIN barrier pr ocesgl.cﬁeughg, Oﬁ%,?iEBV‘Ehén@héiclal 1hyeevest s @ yTi Ny

process.deposited in one pass (one pProcessing step)
4

5

therefore desirable to provide a method

Created without suffering

a . .
Negative impact of increasing

process.

15

Us
6,043,148 (Peng et al.) reveals a TiN process

N ’

layer process.

20
SUMMARY OF THE INVENTION



20 US 6,140,223 (Kimet al.) shows a multi-layer TiN barrier [|ayer

process. SUVWMARY OF THE | NVENTI ON A principal objective of thjkinrﬁﬁthmg i's
to provide a method of creating a barrier layer for a tungst 8
interconnect. 3 0 8 FEB 2006 Anot her objective of the inventionis to
provide a nmethod for the creation of a barrier layer for a tungsten

i nterconnect whereby effects of tenperature increase are mnimzed. 5 Yet
anot her objective of the invention is to provide a nmethod for the creation

of a barrier h%%%ke%oﬁﬂ> %i gsten. i pterconnect wi thout introducing netal
extrusion. In accordanc IS Hef obf8ctiny&atarnt Hes | heeptrovhda rewmedibd

met hod i s prqyjded for. the creation of an adhesion/barrier |ayer over which
a tungsten |nterconmaﬁoqs r2aPadrithe lpwgantioon a riadusesenmet ot e £XEHASHON

and effe holes by dividing the process of barrier material of
Ti N depog'?’té“u g%yl ﬁ?g Ea Eemper gHarebynefeasre abeutmindhfi Zee t hi ckness of

the required | ayer of 15 Ti N has been deposited, an internediate and very
thin layer of Ti is deposited. After the thin | ayer of Ti has been

depoggted, thg ,
et another objective of the invention is 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 tungsten 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 layer 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 required thickness for the layer of TiN has been

reached.

20



deposition of the barrier layer of TiNis continued to the point where the
required thickness for the |ayer of Ti N has been reached. 20 4 BRIEF
DESCRI PTI ON OF THE DRAW NGS Figs. 1 through 7 address a prior[pgtFﬁgth@p of
creating a tungsten interconnect, as follows: 5 10 Fig. 1 shows a cross
section of a substrate over the surface of which a patterned point of

el ectrical contact has been created, a |ayer of ARC has been applied for
the patterning of the electrical contact, a |layer of dielectric has been
deposited. Fig. 2 shows BrREEPS %ﬁQ%. after an etch bl ocking mask ha

been created over the la s O?E e éiﬁbN(QF'ﬁﬁi DRAgIOMS a cross section
after the layer of dielectric 15 have been etched in accordance with the
pattern of the etch blocking mask, the etch bl ocking mask has been
renoved. Figs.

tungsten interconnect, as follows:

10

be
€n created over the layer of dielectric

.

15  have been i
etched in accordance with the patter i
| n o the
blockin -
9 mask, the etch blocking mask has been re d
move
Fig. 4 shows j
a4 Cross section after glue and barrier 1
r
have been_deposited. o
20
Fig. 5 shows i
4 Cross section after deposition of 1
tungsten. S



Fig. 4 shows a cross section after glue and barrier |ayer have been.

i i i deposi ti ayer
osi t ed. s 20 Fig. 5 shows a cross section after ,
gﬁp tungste%. 5 Fig. 6 shows a cross section after excess tuiﬁgq%ﬁ?héé

ved fromthe surface of the barrier |ayer. The_propess_as
3g§2rigggnin Figs. 1-6 suffers occasionally 5 frommarginality |ss$ef
because the Ti N ARC | ayer nust be made thin to prevent excessive me ? .
height. The via etch process is tined, resulting in inconsistency o e
remaining Ti N ARC after the via etch. In sone cases th!s results |n&1_
et chi ng throufh%9t h Sﬂﬁﬁsléyéﬁq§ﬁ'ﬁQQQmQ@IafﬁQﬁﬂﬁydqﬁsIUﬁﬂ@éﬁﬁ%UﬂQﬁ adg
al um num 10 (see 7). Fig. 7 shows the cross section of (the

: " k-t hrough")
ti 6REPYGY EX r?fé%cearfpa%weﬁnm@ ketrotiieng Lafyieaugh (“br ea
fﬁgvera;er of ARC(a§5 The invention is described using Figs. 8 through 14,

as

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 via 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 problem of) etching through (“break-through”) the
layer of ARC.

15

The invention is 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 eontact, a patterned layer of dielectric

has been created.



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

| ayer of ARC has been provided for the patterning of the poifk 8of! “.;

el ectrical contact, a patterned |layer of dielectric has been created. 6
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 Cr g8y S@tsihon after a second layer of Ti N has been deposited.
10 Fig. 12 shows ‘a crosd’ $ett FoPeaf tert teposite ona@fos 4 A%eT , Of iun sten.
Fig. 13 satml\@%i%ncros€ section after excess tungsten has been 1% Y edt
fromthe surface of-the'?bcdfderayenioh E NeiFksg. 1 shoys aTC[\i:OES section
after exg«}%%%srlr%te rials have been renoved fromthe Iayer of diel 88€rikeeno
Fig. 15 shows expérinental results of substrate tenperature

5 Fig. 1
g 0 shows a cross section after depositing of an ultr
a—.

thin layer of Ti.

has been deposited.

10
Fig. 12 i
g shows a cross Section after deposition of a layer of
tungsten.
Fi 13 i
g shows a cross Section after excess tungsten has bee
n
15
removed from the surface of the second layer of TiN
iN.
Fig. 14 sh i
\ OWS a cross section after excess materials have
been removed from the layer of dielectric
20 Fig.

performance relating to the invention



performance relating to the invention. 7 DESCRI PTION OF THE PREFERRED

EMBODI MENTS Conventi onal methods of creating an adhesion | ayer gv_g whi ch
a barrier layer is created are first briefly highlighted, 5 gs ﬁglng§. 1
through 7 for this purpose. 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 alum numbut not being limted to

al umi num An overlyin cting contact plug conprising tungsten is
to be created alignedgan ﬁI%§£§§ éﬁ ﬁhEeﬁ%ﬁﬁﬁﬁ EMBORIAENTS15 For this

purpose, a (optional) layer 14 of Anti Reflective Coating (ARC) has been
over the substrate 10 prior to the patterning of electrical contact point

12. A layer 16 %%e gieleftric i s deposited over the substrate 10 after the
layers 14 of RRCCANYCILof"eHMdTt Ofat erpatifgucin andhengshen) abave Hean
20 patte cr | ayers 14 and 12 that is shown

rned ating the cross section of
in Fig. 7™%Hed iiﬁe‘?rlfzﬁ BIYSRCL$ s cappledd afrer fuamsterd raly rpﬂjkpplsge}&chj
enhaqging ghotolithographic exposure performance by enabling inproved '
dept b’ of "foEHsF19s. I through 7 for this purpose.

Shown in the cross section of Fig. 1 is 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 contact 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 prior to the
patterning of electrical contact point 12. A layer 16 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 conventional

purposes of enhancing photolithographic exposure performance by

enabling improved depth of focus.



i i ferably conprising _
cking mask 18, Fig. 2, pre _ ! Lvin

; 9tAne§?g?SU{g gggt crgated over the layer 16 of dlﬁgecéébgi&pgggﬁy.EgFig.
Phot or i nai nmet hods of photolithographic exposure aI o Cre bt S 9
gonxguélg cross section of the structure after t_het b?gcking sk 18

S i Wi hot oresi s 1o,

ce with the p _ _

hasa??ﬁg ggggngIEQafﬁfgggﬂ the layer 16 of dielectric and exposing the
cre

[ ture
i - i contact point 12. The struc
| ayer 14 of ARC overlying 10 the al um num The Dot tesaive deposi tron of

shown in crosssestiqu, id kﬁc%]%il?’ngi Srﬁs;agf%,f)f’éi@m;i giragefiablﬁnéoﬁ\pki‘\é%g

a layer 20, of adhesion materi conprising TiN, over the | aver

. ; I
2P over TAHSTGRE e I SHSY OB (B B the v db ol
an 0

iti i he cross
i depositions are shown in t
dielec;rg p&?g%gz%%ﬂﬁéhggﬁﬁgg%gﬁﬁéaﬁsOérem@m@RhyhfggﬁggqF;3£ £§¥%¥§E30f
PD, L ckns d 200 Angstr , )

about 100 an
PVD, tod@vEﬁbB%QS%? bet ween

Fig. 3 shows 2 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 €Xposing the layer 14 of ARC overlying

10 the aluminum 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 comprising Ti, and a layer 22, of barrier material,

15 preferably comprising TiN, over the layer 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

14
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, is also bPreferably created using methods of PVD, to a

thickness between about 200 and 350 Angstroms.



TiN, is also preferably created using nethods of PVD, to a thickness

bet ween about 200 and 350 Angstronms. 9 O 8 FEB 2006 In Fig. 5 _a |ayer 24 of
nmetal, preferably conprising tungsten, is fornmed over the | aﬁea Eé 2006ri N.
In Fig. 6, the netal |ayer 24 has been renoved fromthe surface of |ayer 22
to formthe v%a i nterconpect 24. If tungsten is used to create the netal

i nt er connéct h?’ef%e?s URpst &t | of reebakd Ipre@eRablly t Bempr DERES t hat
has been escrLbed above, if the TiN barrier 22 is forned to an increasing
t hi ckness, “I'HE Eher #al OBRAQVe hdrheadey e rA® 2a oomsgquence, net a

extrusions are nore readily forned due to the higher tenperatures that are
experienced during the deposition of the |layer of TiN of-increased

t hi ckness. As the integration of sem conductor devices increases, the

probl em &f Fhe.oCcurhenceaaf 1nBleal 2aXihpusihens | es_and_becores nore
serious. In addition and as inperfectiogs in thgggéggéi?f%% t}Ef'r“uifornity of

the deposstefiacayer 22yef TpN:opiEB:ho d;te_ formin the deposited
| ayer 22 of TiN, potentially cgusiﬁg %Eg rvﬁgyelp%fﬁc8fm?f:tt34be atft dawes tiey

the W6 gbs used dW id@dNIStENnetal 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 increases. As a consequence, metal extrusions are more
readily formed due to the higher temperatures that are experienced
during the deposition of the layer of TiN of increased thickness.
As the integration of semiconductor devices increases, the problem

of the occurrence of metal extrusions increases and becomes 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, resulting in other via related issues.

10



deposition, resulting in other via related issues. 10 0 8 FEB 2006 The
above phenonena nmay result in an opening being created through the | ayver
22 of barrier material and the layer 20 of adhesion naterial! GrikEB awﬁhing
t hrough | ayers 22 and 20 exposes the |ayer 14 of ARC, which may now be
affected to the point where an opening is in turn created through the

| ayer 14 of ARC, this latter opening exposing the |ayer 12 of (for

i nstance) alum num The exposed |ayer 12 of aluminumis as a result

af fected, resuléing in reduced contact performance of the point 12 of

el ectrical confagtabevg pheneEm2 ovsy Thes wumilmtinv epehfiagt bef ngheprkgaby
interactiopns of the above highlighted processing steps, which potentially
af fect |ay8Fsugh the hawe1422ef dhromm dm rate draSangeehbonaghFbg. oZ. These
interactions proceed, as shown in the cross section of Fig. 7, to the

poi nt whepeheRtoundRFeyial. | Byes drainalunriouym isyeatl oot ey shabyissdhe
surface of the layer 12 of alumnumis "gauged". Vt is thereby be

enphasi zefihehbheyenhet eof eR@f fitiictofmay now be affected to the point

where an opening is in turn created through the layer 14 of ARC
14

this latter opening exposing the layer 12 of (for instance)

aluminum. The exposed layer 12 of aluminum is as a result

affected, resulting in reduced contact performance of the point

12 of electrical contact.

10a



gauging of the surface of layer 12 of alum numis shown in Fig. 7 as being
a well-defined profile having a square-shaped cross section, this gauging
inreality is arbitrary in profile and may be approached in ﬂr&)iFEBeZBI& a
sem-elliptic formw th a maxi rum depth of gauging in the center of
opening 19. 11 0 8 FEB 2006 The invention therefore provides a nethod that
allows for the creation of a tungsten interconnect overlying a al um num
poi nt of electrical contact whereby negative effects of gauging of the
surface of the_al umi num point of contact are mnimzed or 5 elimnated.
The invention 3 PEMyeaichivaf fisrtusifnghringsallihhepaghi8nasor PERO ate
that equally apply to the invention. These figures are therefore included

herei n at "tHR5 g FRd Byr eed o et ebisg. wBihaspdBeheenl 1 ¢- £F 8t €t A F $2 8
of the invention whereby Fig. 8 in addition shows the above expl-aine

ef fect of - s¢f fard Yhudingtuiwn liayehel2robsakuat Dgm oS AL, F’}sth%et hrough 3
and by reference thereto Fig. 8 have previously been highlighted, these

figures dbnt¢MﬁctﬁnnBtgrdnedaJrhheShaddr@ﬁsggea&rgggsséé{@%n]5%F?fb % shows
a cross section of: v
to the point where the underlying layer 12 of aluminum is

affected, that is the surface of the layer 12 of aluminum is

“gauged”.

It is 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
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



- the surface of substrate 10 - a patterned layer 12 of al um num created

h
r the substrate 10 - a patterned |ayer 14 of ARC created gver_ t]
B\e/u(:aterned | ayer 12 20 of aluminum- a layer 16 of dielectric oéiéf&b:c 2% ‘

over the substrate 10 - an opening 19 created through a |ayer o] i aver
dielectric - the opening 19 extending through an underlying patterne fay

14 of ARC, and 12 0 8 FEB 2006 - the opening 19 extending int o_thehsurbace
of the patterned layer 12 of aluminum this latter extending is the above

AR first e F g.
d to "Daegingenefiohhecriidee GhrdRyeLs 12 & {hd ai%
gefteL:aei nvent i g}ﬁ gr egt es a conventi ongﬁf) adhesi on/ é&u@ﬁ ayer_t20, dPgigﬁﬁ% y
conpri si nghdi ,creamarort h@fstﬁf%%%fgfcehheiﬁéé(ﬁoﬂr?e% %'g%:rjcrgﬁbieaanfaluminum

i nside surfaces of the opening 19 %rceig;)ed_t 80;18 at €t eg,red 18 thi ckness
ielectrigeimsi f P osi.te . Yl

g:‘ ebgt meﬁogﬁu?gl%tegﬁggzc%é A%éggéc{%%orrs. Y 98925V PRERFbs o8 camuanEn

i i | depositing a.required barrier layer of TiN by
deposi 11 rg & Fi Tor Toe i art PP BARRT PRI BOLREB o ORR by aFel AyBt20ecf o

but 5 eliminated.

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 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



. . . . : it bar i er
inal thickness of the barrier layer is obtained. First or ini
riaggr 26, of TiN, preferably has a thickness that is about eQuét?FlEBo%éﬁ f
the thickness of a required 20 barrier layer of TiN. It can be stated as a
rough guide that the first deposition 26, Fig. 9, of TiN, is to be
termnated at the tine that the thickness of the deposited barrier |ayer
26 of TiN reaches between about 40 and 60% of the thickness of ]'Eheh 13
requi red -bathéempeayey of9 TeRteh@ingnstrancernhf et nge%%eoop%%%medo
8 FEB 2006 required barrier layer of TiNis between a outT_a a20u|d o
AngstronsJaWbenluhefthﬂ@hmﬁﬁﬁ,OEh59918£€ﬁ£eQx£@%ﬁin GiQTQh%fagékﬁnrgﬁfrred
bet ween about 100 and 175 Angstrons, with as a Tow”ITm

t i 81 the first or
trom ard“gabgghgli 8Ftc0f abpEt L10F P Ngsty om After _
ﬁzgfial ba??ig? nggr 26 of TIN hé% been ° eposited an ultra thin | ayer 28

i i i i he cross section
i's deposited over the layer 26 of TiN, as shown int (
8; E:g. 10,pusing 10 nmet hods of PVD, deposited to a preferred thickness of

[tra-thin |layer 28 of Ti has
bet weeq abOUtAgo %mﬂ§¥£$@gsééggF. é&%gr %@el%he inventign cCreates a
been deposited, th

conventional adhesion/glue layer 20, preferably comprising Ti,

15 interrupting this deposition of the layer of TiN before a required,

over the surface of the layer 16 of dielectric and over inside
surfaces of the opening 19 created through the 1layer 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 invention
starts depositing a required 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

required, 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 required

20 barrier layer of TiN. 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



creation of layer of barrier material conprising TiNis conpletﬁd 15 by a
second or final depositing of layer 30 of TiN Fig. 11, oyeL 8 S?ﬂﬁhﬂmm
ultra-thin layer 28 of Ti. Layer 30 is deposited to a thic nhs b

o oot od brcrerned va thickpefs o tPﬁ_gﬁagggr tL?Ze;ésE?{stiﬁ g preferred
i ndi referred val ues o ayer i ,

iﬂggﬁﬁggg Por | ayer 30 of 20 between about 90 and 125 Angst;gnl ghgo can
preferred thicknesses of the depositions of |ayers 20, 26, an

i | ayer
irzemh iaedf obbonser 14 et FEB 2P06 l:ayehe2Qeohhe,adhesion
gfe?g?gg[; conprising Ti, ha;Q; preferred thickness of éfmegﬁ ab%%g 1P

i f,barrier materi al
d 200 Amgststenms| ayeier?6enbheidigledr LOVWRE | ayer_ of | J i
Speferablgggbnprising TiN, has a preferred thickngss2 st bgFNEEn %bsft THEdd

d barrier |ayer

Al Mpd a t e Layer, af §he conpound

gpgféng|3g?g%grf§%nggngéﬂa§&§u%rgg§§r8§XtHV@En%E?ZF¥Tayeryifhbg???gr@@w
A :@m t econd or upper barr ay

ﬁg?erSPal ng%&g?erggr%%%%priéynén isﬁ,roﬂasa'ggpraef &g dhmékne_E ofbdst wedm

about 90 gRg125,AN0St rom

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, deposited 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 Dby a second or final depositing of layer 30 of TiN, Fig. 11, over
the wultra-thin layer 28 of Ti. Layer 30 1is deposited to a
thickness that completes the required thickness of the barrier
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



| preferred thickness for the layer of barrier material Ti/Tin is,
itgeafzgt)?dagce wi th the above indicated values of preferred tal&cld(__%gsgzuﬁ‘ﬁor
| ayers 26, 28 and 30, between about 200 and 350 Angstrom Th S
section shown in Fig. 12 shows that the conductive interconnect, f
preferably conprising tungsten, can be conpleted wth the dep05|ykfn 3 o
| ayer 32, preferably conprising tungsten, over the |ayer 30.of Ti N an t Y,
Fig. 13, reﬁovﬂﬁﬁe%x%%ssth%Lﬁ@ﬁﬂ%ﬂpﬁrkﬂMQHupgaﬂdhmbeyobohgygs139,Tyﬁlngs he
| ayer 30 as stop layer. 15 0 8 FEB 2006 It is preferred that excess

. : : . Ti)
m conduct or REEEFFEES, thiwiness dfayertw2en( aboadhesbonhg! peo ML 5L Ab Ti )
Zelayer 26 (of barrier material TiN, layer 28 (of internmediate Ti) and

i i &l r s ; ; face of
30 (of bayere26mattes ifilrsti Nr alomefruntler benpyed; fromthe; surf _
L?gféctrig | ayer 16, resulting in the cross section that %IS %ﬁomn in Fig.

i hown in the
14. The pref erpeefemdidiod dapding demaval ngk bheserel-aY8T 8, £S5, shown 1 tween
Cross segtion %f Fig. 14 isEEheniégl Nbchan|c§? Eoklsﬁlng %3%3 ot t

exposed surfacgsoutThe ©rH8s SBCL QR $AgwW in Fig 11_specifipaIIK i ndi cat es
an absence of netal protrusion and an absence of pinholes in the

- 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
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 is, in accordance with the above indicated values of
preferred thickness for layers 26, 28 and 30, between about 200

and 350 Angstrom.

The cross section shown in Fig. 12 shows that the conductive
interconnect, preferably comprising tungsten, can be completed
with the deposition of layer 32, preferably comprising tungsten,
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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| ayers overlying the layer 20 of Ti. Inproved surface protection for the
| ayer 20 of Ti has therefore been provided by the |nvent|on_¢3ﬁ¥§B|2@]|n
an conductive interconnect 32, Fig. 13, of inproved and desi p ion
characteristics. The effectiveness of controlling substrate tenperature
during the creation of glue/adhesion layers and a barrier layer is further
denonstrated, by the experinental results that are shown in graphic formin
Fig. 15. Atfon§ PReImbBFf3oRral VFcOf B FIPsiieohr raresguénde, ouch as
experinmental wafers, each wafer having an identification nunmber such as
waf er #0, laMPEr 28250f vadlees koD glate nate a8 FEB,2606afkong6t hefvestitat or
Y-axis is shown the substrate 5 tenperature after the deposition of the

gl ue | ayemabPriplafiéNi hkayer riter (dfayierteofnetiiNtandipr kas Laythezdepesition
of the tungsten. Four different scenarios are shown in Fig. 15, as follows:

1. Measurbeentsrhighéi it eThis foi i thar eknBRaguresRntier 8hatgcd0-£0 the
conventional, Plan-O-Record (POR) creation of a tungsten interconnect

appl yi ng dis0echngst royer thi ckedayarinef inTich®i NrdssMeasHk gaeph st i ghl i ght ed
as points "b" of nmeasurenents rel ate
shown in Fig. 14. The preferred method for the removal of these

layers as shown in the cross section of Fig. 14 is Chemical

Mechanical Polishing (CMP) of the exposed surfaces.

The cross section shown in Fig 11 specifically 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 of Ti has therefore been provided by the
invention resulting in an conductive interconnect 32, Fig. 13

, of

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

shown in' graphic form in Fig. 15.
Along the horizontal or X-axis is shown a sequence of

experimental wafers, each wafer having an identification number

such as wafer #0, wafer #25, wafer #50, etc.

16



to the conventional, Plan-O-Record (POR) creation of a 15 tungsten

i nterconnect applying a 200 Angstrons thick layer of Ti/TiN 3.
Measurements highlighted as points "c" of measurenents rel at_& 8 tFeB: 12606
creation of a tungsten interconnect using the two-step application of the
invention of the layer of barrier material 20 conprising TiN, applying a
300 Angstroms thick |ayer of Ti/TiN 4. Measurenments highlighted as points
"d" of nmeasurenents relate to the creation of a tungsten interconnect
using the two-step application of the invention of the |ayer of barrier
material 17 0 8 FEB 2006 conprising TiN, applying a 200 Angstrons thick
llayer of Ti/TiN. To highlight the effectiveness of the |nvent|on," '
nmeasurenents 5 "a" nust therefore be conpared with measurenents ; "C ang
nmeasurenents "b" nust be conpared with neasurenents "d", since a" and
address the creation of a 300 Angstrons thick |ayer of barrier materi al

"p" " SS the creation of a 200 Angstrons thick |ayer of
gg?rlgr ﬁg?efﬂ addr vertical or Y-axis is shown the substrate

5 temperature 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. Measurements highlighted as points “a” of measurements relate
10 to the conventional, Plan-Of-Record (POR) cféation 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-Of-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 in&ention 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 1nvent10n of the layer of barrier material

17



10 From these neasurenents it can be observed that neasurenent points "c"
(the two step deposition of the invention for the creationwgé B? EQOZUIJE
Angstrons thick layer of Ti/TiN) are about 50 degrees Clo E
measurenent points "a". Further, neasurenent 15 points "d" (the two step
deposition of the invention for the creation of a 200 Angstrons thick

| ayer of Ti/TiN) is about 40 degrees C |ower than neasurenent points "b".
These | atter observations confirmthat the two step 20 deposition of the

invention feemphesengat ron, of peryl 14 u he
tenperature ofbthe sgbs??gte %ﬁ??ﬁ%ﬁ?héa ég%s?%Fgﬁwg?ﬁfhg%ﬁg%erlgyeﬁarPFer
material . 18;0.8yFEB 2006 Al though the invention has been described and
illustrated mﬁtﬁ reference to specific illustrative enbodi nents thereof,
it is not intended that the invention be [imted to those illustrative
enbodi nents. Those skilled in the art will recognize 5 that variations and
nodi ficatio t departing fromthe spirit of the

i nventi on. ?? %ggpﬁggg%gﬁg&4%$ e Y9 e S A ude % ERVANEREN: nPEABREAMARES
such vari at {,ops and difications which fall within the scope of the
appended cl afrs must therefore be compared with measurements “c¢” and
measurements “b” must be compared with measurements “d”, since
“a” and “c” 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 points “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 of the substrate during the

deposition of the layer of barrier material.
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and equi val ents thereof. 10 15 20 19 0 8 FEB 2006 What is clainmed is: 1. A
process for the creation of a netal interconnect over a Iay(sali OE dﬂﬁ]ﬁi on
material and a | ayer of barrier material having 5 a thickne ,8 5§p i ng:
provi ding 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

di el ectric ovealtheugibgheati;yventidnidh89 HaensWdAcs g t B8aPALLERED +og
| ayer of Anti Reflective Coating (ARC); patterning and etching tlhe I"ayer

of diel echits, refeabhnd b dhediaast pNe,OPENiNG thRLSa LiupuIN. AOd LRI oygh
said | ayer of ARC, exposing and further Interacting w e at feast ore
point of ;glegbki CahtGARLACt that the invention be limited to those
illustrative embodiments. Those skilled in the art will recognize

5 that variations and modifications can be made without 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
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depositing a |layer of adhesion material over the |ayer of dielectric,

including inside surfaces of the at |east one 20 opening; d S nﬂwg
| ayer ofgbarrier material over the |layer of adhesion naterljf% FEB er
of barrier material conprising a first or |ower and a second or upper
layer of barrier material separated by a central |ayer of adhesion
material; 20 O 8 FEB 2006 depositing a |ayer of conductive naterial over
the layer of barrier material, filling the at |east one opening; and
removi ng wkaeesssnalgimed f$omthe layer of dielectric. 5 2. The nethod of
claim1, the at |least one point of electrical contact conprising alum num
3. The nmethod of claim1, the adhesion material conprising Ti. 10 4. The
met hod of claim1, the barrier material conprising TiN 5. The nethod of

claim 1, the oeptials adies %gm&@gg@ormear at | g?agfe At or Lower | ayer

of barrler material fromthe secon upper A AL
hav!ng a Ey8§n8§sadﬂégf@ﬁW§ qyt 51 and 50 égf &%q%r material having

claim1l, ¢ conductive material conpr
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, including 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



20 7. The nmethod of claim1, the first or |ower |ayer of barrier material

havi ng a thickness between about 0.40 and 0.60 of a thi ckneUs &5@ 2@
of barrier material. 21 0 8 FEB 2006 8. The met hod of claim 1§ 8 S

or upper layer of barrier material having a thickness between about O. 40
and 0.60 of a thickness of a |layer of barrier material. 5 9. The nmethod of
claiml1, the first layer of barrier material having a thickness between
about 100 and 175 Angstrom 10. The nethod of claim1l1l, the second |ayer of

barrier materi@podaying & 15‘9&%n@§5c8§&%ﬁ‘€€{‘v@bﬂéﬁ£e99aP”Qv&§5tﬁ‘€g§é${8g} o0

11. A process for the creation of a netal interconnect over a

gl ue mat epdabi @Ndyped Ayer, of; 1han eriakh a,;1hi ckness,
conpri si ng: plr oviding a subsltratfgI %Eiﬁrer%tstut%g rat gxﬁavP l%%enarb ovided 15

th at | east t I r cal onta or o the surface
\cher eof , sa;sd g%}#?glgg %%s%oﬁl%t Io g egfjlml gé{F 28?1?50? Es HRF Idover ed wit h

a layer of Anti Reflective Coating (ARC), a patterned |ayer of dielectric
havi ng been deposited over the substrate having at | east one opening

t her et hr.pu and rqu
5 ?.gPhe me%ﬁog %@ 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 method of claim 1, the barrier material comprising TiN.
5. The method of «claim 1, the central adhesion material
separating the first or lower layer of barrier material from the
second or upper layer of barrier material having a thickness

15 Dbetween 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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20 said |l ayer of ARC being aligned with at |east one point of electrical

contact, said opening exposing and causing gauging of the at lﬁﬁ%@
poi nt of electrical contact; 22 0 8 FEB 2006 depositing a fIALB eﬁﬁgf

adhesion material over the layer of dielectric, including inside surfaces
of the at |least one opening; depositing a first layer of barrier material
over the first 5 |ayer of adhesion naterial to a thickness being equal to
bet ween about 0.40 and 0.60 of a thickness of a |ayer of barrier

materi al ;8 depnsi hikhBod ECAh Ir@YES Qﬁea%%heno@tﬁﬂ@ ?é( c1he bék{.—%r
| ayer of barrier material; 10 dep05|t|ng a second | ayer o arrler erral

over the psecond | ﬁ!@ingf :ﬁdbﬁ§bﬁ’ﬂe§@t %ret%Iee%\ ﬁ?&m clyngps be g 8@;,[ of i %I ;

bet ween about 0.40 and 60 of a thickness o ayer of barrle

deposi ti ngh Aol Ayes &ﬁ 2 ANQNGL ke, g@&?%%ahagvggaihe second 15 layer of

barrier material, filling the at ast ‘one openi hg; and renoving excess
mat eri al fronlthe surface of the layer of dielectric.

5 9. The method of claim 1, the first layer of barrier material

having a thickness between about 100 and 175 Angstrom.

10. The method of claim 1, the second layer 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
15 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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12. The method of claim1ll, the at |east one point of electrical 2

0
contact conprising alumnum 13. The nethod of claim 11, the diyr
second Iaygrr) of gdhesi on material conprising Ti. 23 0 8 FEB dzgoééazm%e
met hod of claim 11, the first and second |ayer of barrier nmaterial

conprising TiN. 15. The nmethod of claim 11, the second | ayer of adhesion
material 5 being deposited to a thickness between about 10 and 50

Angstronms. 16. The nethod of claim 11, the conductive material conprising

tungsten. 10 MdepoWie ifRf kot iafstCha@rlh s %Qﬁe%ﬁbﬁk%%%ﬁrggltB?§£a¥ﬁé ngﬁr
barrier material being between about 200 and 3f50 Qngs_trom e Ie et hod
of claimdd, gt ikekness, Of, 4 fi ay, arrier materia ein
bet ween a%%u?lggshgﬁgE'17§lsnAénldlsotl?§m iﬁ%{%% S%ef%_r(r:eetshoé%of b8 a?ﬁ1 1fag eoge
thi ckness,fn e second layer of barrier material being between about 90
and 125 Angstrom 20. A process for the creation of a netal interconnect

. max i er of barrier material having a
over a 20 layaeerrpo%fltql_n%ea 1errslta|laaynedr aog aB/arrier material over the firgt
t hi ckness, conprising:

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 layer 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 least one point of electrical

20 contact comprising aluminum.

13. The method of c¢laim 11, the first and second layer of

adhesion material comprising Ti.
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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 ther , i t
| east one point of electrical contact 24 0 8 FEB 2006 bei ng iﬁbeFéﬁ amﬁ

| ayer 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 5 penetrating the |ayer of ARC, exposing and gaugi ng the at | east

one pointl6f Bheaistiosd sOEBRCtn VEPASd MG 3 Ehﬁs%eh%ﬁﬁrl% ol o@VRL LhE,
| ayer of dielectric, including inside surfaces of the at ast one

openi ng; ﬂ@@@ﬁiilr&bﬁbﬁjgﬁﬂg|ﬁ$Ner of Ti N over the first Iayer 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 Iayer of barrier material; depositing

a second { f secon ayer 15 adhesi on naterlal to a
t hi ckness %Z?ﬁﬁgéadgpr (ﬁ%ﬁgh%a qi E@ngn&ageéoogfaghﬁﬁFERn@§§eé¥ah
| ayer cof bayf] efe STl 49003 &ne%sab'e%%&nOébg&”df&téxde S angstrone

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 point of electrical contact in or over the

surface thereof, said at least one point of electrical contact
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| ayer of barrier material, filling the at |east one opening; and renoving

excess material fromthe surface of the |ayer of 20 dielectqtﬁ.Fé%hnge_
nmet hod of claim 20, the at | east one point of electrical conttact si ng
alumnum 25 0 8 FEB 2006 22. The nethod of claim 20, the second | ayer of
adhesion material being deposited to a thickness between about 10 and 50
Angstroms. 23. The nethod of claim 20, the conductive material conprising 5
tungsten. 24. The nmethod of claim 20, the thickness of a |layer of barrier

materi al heimy; chbed veenyabeul 209eand 350, ANGSS F 0dR + 1L Qéoaﬁgf?,mggoﬁi%%t

claim 20, the thickness of the first layer of Ti being betwe about

3,200t 4. B LA i 1 KOS AU

| ayer of Ti N being between "about 100 an rom

1ol 20 9din e inRss e HhBISGRRCIYRE Ol 1IN0l NG, beLueen. about 20

and 125 Angstrom 28. A netal interconnect over a (
22;;” 2: nde_f]d eaiec.th:ilcaayler c?(gntbaaétr,l ersaniaé erétal Pé’igépg gné hi ggl)(gr?isgg’ further
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 second 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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a substrate, the substrate having been provided with at |east one point of
el ectrical contact in or over the surface thereof, a |ayer qL ﬁﬁﬁ%hﬂmh
been provided over the at |east one point of electrical cont @ t ast
one openi ng having been 26 0 8 FEB 2006 created through a | ayer of
dielectric aligned wwth the at | east one point of electrical contact, said
at | east one opening penetrating the |ayer of ARC exposing and gauging the
at | east one point of electrical contact; 5 a |ayer of adhesion naterial
over insize sthd aeehaf dihelatim [289SttHNe QRR NGye2 bayaunekibar mh€krial
material over the |layer of adhesion material, the, layer of barrier

mat eri al WOy i it it dd 1St 20k hiRWREs! BYele8h BBSLE el nﬁ{@rS@lArﬁkidcr%ms.

second or upper layer of 10 barrier nmaterial separated by a cent | ayer
of adhesion material; and a | ayer of conductive material over the |ayer of

barrier material, fiIIing the at |east one opening. 15 29. The netal
i ntercon t c 8, h | st e t of electrlc
conpri si 1y al P ChLMpRBod ey gl | 5851 ne gl el ol ect SLE8] | ESBhREhing

matertal . osten.,

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 claim 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 claim 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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conprising Ti. 20 31. The netal interconnect of claim28, the barrier

material conprising TiN 27 0 8 FEB 2006 32. The net al |ntemgpﬂq§§i ﬁm@
claim 28, the adhesion material separating the first or

barrier material fromthe second or upper |ayer of barrier material having
a thickness between about 10 and 100 Angstrons. 5 33. The netal

i nterconnect of claim28, the conductive material conprising tungsten. 34.
The netal interconnect of claim28, the first or |ower layer 10 of barrier

mat eri al dedteg aHhiwknesslbgéngoeqdakleetbetwaen gabautyi@nAQ N 0. 02 of
t he thickness of the layer of barrier material. 35. The netal interconnect

of clai maia bphensecond direddpi®ial a¥htad®, Of shAFr i gf Nl akngavéﬁﬁhfﬁg
t hi ckness bei ng equal to between about 0. 40 and 0.60 of the thickness o

the |ayemndfetharing’ tHER LAy&F . 0B6.aRA (ANGSLER; | DAET GA0HSRE QKT A | AveL, of
gl ue naterlal and a
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 layer 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 of claim 28, the at least one peint of

electrical contact comprising aluminum.

30. The metal interconnect of claim 28, the adhesion material
comprisipg Ti.

20
31. The metal interconnect of claim 28, the barrier material

comprising TiN.
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20 layer of barrier material having a thickness, conprising: a substrate,
the substrate having been provided with at |east one point cH g&e&tmﬂﬁal
contact in or over the surface thereof, a patterned |ayer of ﬂ ak"'hg
been provided over the at |east one point of electrical contact, at |east
one opening 28 0 8 FEB 2006 aligned with the at | east one point of

el ectrical contact having been created through a |ayer of dielectric
deposited over the substrate, said at | east one opening penetrating said

patterned2) ayae afetARC igx@esimigandogaugdidich Sagd pakt efdird @n | Raskr ORE
5 point of electrical contact; a first layer of Ti deposited over sidewalls

of the atsd@asitimpepeni g & fidwlr | 8V§sr Oéggﬁﬁpfiéf%%ouit ?%&gﬁ%he

first layer of Ti to a thickness being equal etween a

0.60 of aeddhd ht)?krlfpsg%r()f lQyé9y]%pr%aQ§E5i:erma{?e|¢re.LraJlal ﬁ?v%?ilogxd l:gygeragf %Z:,

deposited over the first |ayer o i N; secon ayer o eposi

t he secom%fdggy'a ﬂ?g 10tgpg prcggsgf being equal to between about 0.40
of a a 0

and 0. 60 t hickness o ayer "Pariier material; and 15 a | ayer of
tungsgen deposited over the second |ayer of TiN,

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 equal 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 tupgsten 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

28



filling the at | east one opening. 37. The tungsten interconnect of claim

36, the at |east one point of electrical contact conprising ﬂﬂﬁﬂmpﬁo
38. The tungsten interconnect of claim 36, the second | ayer i g a

t hi ckness between about 10 and 50 Angstrons. 29 0 8 FEB 2006 39. A
glue/barrier layer interposed between a netal interconnect created though
an opening is a dielectric, conprising: a layer of adhesion material over
the layer of dielectric, including inside surfaces of the opening; 5 a

layer of dargrieer windterird veleddie byepo it aghesi OBt rIBL BT Edhraddiend V&S
of barrier material conmprising a first or |ower and a second or upper

layer of ansigresBier icdkcS8RAr At €dye Py & C%?éi@é%%?é’?ﬁgggaﬁggggo%r the

material. 10 40. The glue/barrier layer of alm esion materi al

i Si I N | ue/ per layer aof claimz39. .the barrier mterial
ggm: :: %b%tﬁ.a%jleé 4%#%@9?%%%%&0%‘3&0 eélg./lélrg ﬁér({:ntaﬁgdrﬁw THe RALTH fed

layer Oflayer 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 of 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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adhesion material separating the first or |lower |layer of barrier nmaterial

fromthe second or upper |ayer of barrier material having angggﬁﬁg%mg
bet ween about 10 and 100 Angstrons. 20 43. The gl ue/barrier f ﬁa|n1

39, the netal interconnect conprising tungsten. 30 0 8 FEB 2006 44. The
glue/ barrier layer of claim39, the first or |ower layer of barrier

mat eri al having a thickness being equal to between about 0.40 and 0.60 of
a thickness of a layer of barrier material. 5 45. The glue/barrier |ayer

of claim3y, Ah§l§@¢ﬁﬁﬂrfﬁrUP§§érlﬁﬂgérpgée@aﬁétﬁéeﬂaéeﬁbgglhﬁﬁkggcgnn?ct
t hi ckness being equal to between about 0.40 and 0.60 of t hi ckness of a

layer of barfd&f tﬂgﬁfﬁ'iﬁ op%glﬁ% is a dielectric, comprising:

a layer of adhesion material over the layer of dielectric,
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 claim 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.
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44, The glue/barrier layer of claim 39, the first or
of barrier material having a thickness being equal
about 0.40 and 0.60 of a thickness of a layer

material.

45. The glue/barrier layer of claim 39, the second or
of barrier material having a thickness being equal
about 0.40 and 0.60 of a thickness of a layer

material.
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