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Field of the Invention The present invention relates to interconnect
structures and, in particular to an al pha-phase W
that is fornmed in the trenches or vias of such

barrier |ayer

I nt erconnect structures using a |l ow

tenperature/l ow pressure chem cal

vapor deposi.ti on techni que, wherein ‘tungst en hexacar bonyl, WCO]|[err],
i s enpl oy eULARA MHIN, SINGIOE PHASEWIFFUSION BARRIEH FORMIEY A1 tmh

RS
barrier |ayer of the present i nvention is ultra-thin (less than 1
nn), essentially inperneable to conductive material s, exhibits good
adhesion to the dielectric material and the conductive materi al of the
i.nterconnect structure, and it conformally and continuously covers a
- high aspect ratio trench (greater than 3:1 dept h/wi dth). Hence, the
al pha- phase . Wbarrier |ayer of the present | Fiekhoi the |awention used in

many i nterconnect structures wherein such a

The present invention relates to interconhect semiconductor structures
and, in particular to an alpha-phase W barrier layer that is formed in the
trenches or ;/ias of such interconnect structures using_ a low
temperatureflow préssu_re chemical vapor deposition technique, wherein
tungsten hexacgrbonyl, W(CO)s, is employed as the precursor or source
material. The alpha-phase W barrier layer of the present invention is
ultra-thin (less than 15 nm), essentially impermeable to conductive
materials, exhibits good adhesion to the dielectric material and the
conductive méterial of the interconnect structure, and it cénformal'ly and
continuodsly covers a high aspect ratio trench (greater than 3:1
depth/width). Hence, the alpha-phase W barrier layer of the present
invention can be used in many interconnect structures whérein such a

barrier layer is required. This includes, but is not limited to; damascene

| structures, memory cell capacitors and all ofher wiring applications for



barrier layer is required. This includes, but is not Iimted to: danmascene
~structures, nenory cell capacitors and all other wiring applications for

' ogic, nmenory and input/output applications. The barrier |ayer of the
present invention can also be used in gate stack applications between
polysilicon and a netallization, i.e. conductive, |ayer.

Background of the Invention In orderpto fabricate high perfornmance

i nterconnect structures for state of the art sem conductor devices, it is
necessary to enbed a conductive material such as Cu into a dielectric
material having a trench or via

logic, memory and input/output applications. The barrier layer of the
present invention can also be used in gate stack applications between

polysilicon and a metallization, i.e. conductive, layer.

Backgro_und of the

invention

In order to fabricate high performance interconnect structures for state of
the art semiconductor devices, it is necessary to embed a conductive
material such as Cu into a dielectric material having a--trénch or via
formed therein. Organic as well as inorganic dielectric materials are
known and are currently being employed in subh applications. Examples
- of organic dielectrics".indlude: polyimides, paralyne polymers, silicon
polymers, i.e. polysiloxanes, diamond, diamond-like carbon and the like,
while SiO,, Si;N,, silicon oxide/nitride mixtures or alternating oxjde/nitride

layers are known -inofganic dielectrics.



formed therein. Organic as well as inorganic dielectric materials are
‘known and are currently being enployed in such applications. Exanples of
organic dielectrics include: polyimdes, paral yne polyners, silicon
polynmers, i.e. polysiloxanes, dianond, dianond-I|ike carbon and the |iKke,
while [err] silicon oxide/nitride mxtures or alternating oxide/nitride
| ayers are known inorganic dielectrics.

3 VWhile Cu is currently being develébed for use in sem conduct or
manuf acturing by the assignee herein for such applications, it exhibits a
nunber of undesirable properties. One highly undesirable property that Cu
exhibits is that it generally diffuses through the dielectric material at
t he noderately el evated tenperatures encountered during subsequent
processi ng steps. The out-diffusion of Cu can have a nunber of deleterious
ef fects on t h¥Vhile Gude suerentisbeingtdavelapedigr useninf samigeaductenr

manufacturing by the assignee herein for such applications, it exhibits a

number of undesirable properties. One highly undesirable property that

Cu exhibits is that it generally diffuses through the dielectric material at SEC R i

the moderately elevated temperatures encountered during éubsequent | e
processing steps. The oqt;diffusion of Cu can have a numbe.r of -~ -
deleterious effects on the interconnect structure being manufactured. For - ‘
example, the out-diffusion 6f Cu may cause short circuiting of the wirés or

it may degrade the performance of the MOS device.

To over'come this out-diffusion problem exhibited by Cu, a barrier layer is
generally formed between Cu and the dielectric material. In prior
instances, the material used in forming the barrier layer has not been
compatible with- the dielectric material, i.e. it does not adhere well to the
dielectric material. Thus, an additional adhesion layer has been required

‘in order to achieve satisfactory adhesion of the barrier layer material to



exanpl e, the out-diffusion of Cu may cause short circuiting of the wires or
.1t may degrade the performance of the MOS device. To overcone this

out -di ffusi on problem exhibited by Cu, a barrier layer is generally

formed between Cu and the dielectric material. In prior instances, the
material used in formng the barrier |ayer has not been conpatible with
the dielectric material, i.e. it does noat adhere well to the dielectric
material. Thus, an additional adhesion |ayer has been required in order to
achi eve satisfactory adhesion of the barrier |ayer material to

4 the dielectric. A typical prior art interconnect structure
containing a dielectric, an

the dielectric.

A typical prior art interconnect structure éontaining a dielectric, an

additional adhesion layer, a barrier Iéyer and;ﬁC_u is shown inFig. 1. = R
Speciﬂéally. this prior art interQonr.\.ec;.t structu-'ré shown in Fig. 1 comprises

a dielectric 10 having at least one trench or Via-formed therefn,'-an

adhesion layer 12, a‘barrier Iéyer 14 and Cu region 16. The treﬁc;h or via

is formed in the surface of dielectric 1 0 using standard lithographic

patterning techniques that are well known to thosie skilled in the art. It

should be emphasized that although the various layers are shown as

conformal layers in Fig. 1 in reality the layers are non-conformal since the

previous prior art processing techniqbes used in forming the various

layers are incapable of providing conformal trench coverage.

As stated above, the adhesion layer is only required when barrier layer 14

is not compatible with dielectric 10. Suitable materials for the adhesion



addi ti onal adhesion | ayer, a barrier layer and Cu is showm in Fig. 1.
~Specifically, this prior art interconnect structure shown in Fig. 1
conprises a dielectric 10 having at |east one trench or via forned
therein, an adhesion layer 12, a barrier layer 14 and Cu region 16. The
trench or via is fornmed in the surface of dielectric 10 using standard

| it hographic patterning techniques thatS are well known to those skilled in
the art. It should be enphasized that although the various |ayers are
shown as conformal layers in Fig. 1 inreality the |ayers are
hon-conformal since the previous prior art processing techniques used in
formng the various |ayers are incapable of providing conformal ‘trench
cover age. As stated above, the adhesion layer is only required when

? g; ' It ﬁ; ;g%ggpﬂygr ir{c?uJ]e(:)tTi? 8?%%%'0%3:‘ é.”mﬁlQr r(]rl{a?clar?aﬁé.r ]Tﬁe la%hessilcj)'rxtlgsl?érefs material s

formed using standard deposition techniques such as sputtering. The Cu
region is formed using plating, chemical \)apor deposition, plasma vapor

deposition and like techniques whiéh are also well known in the art.

The barrier layer in the prior art structure of Fig. 1 is typically composed of
a metal such as Ta. The prior art barrier layers may be formed using

sputtering and other known deposition techniques.

Although a wide range of materials can be employed as barrier layer 14,
| the prior art barrier layers do not meet all of the following requirements
which are now deemed as necessary in the fabrication of interconnect

structures:

(1). The barrier Iéyer must be impermeable to Cu under the conditions to

which the device will experience in further processing, as well as under



| ayer«~include: Ti, C and other simlar materials. The adhesion |layer is
-formed using standard deposition techni ques such as sputtering. The Cu
region is forned using plating, chem cal vapor deposition, plasma vapor
deposition and |ike techniques which are also well known in the art. The
barrier layer in the prior art structure of Fig. 1 is typically conposed of
a netal such as Ta. The prior art barrierg | ayers may be fornmed using
sputtering and ot her known deposition techniques. Al t hough a wi de range
of materials can be enployed as barrier layer 14, +the prior art barrier
|"ayers do not neet all of the follow ng requirenents which are now deened

as necessary in the fabrication of interconnect structures: (1). The
barrier layer nust be inperneable to Cu under the conditions to which the
device will experience in further processing, as well as under

operating conditions;

(2). The barrier layer must exhibit good adhesion to the dielectric
comprising the intercbn'nect structure; therefore, obviating the need for an

additional adhesion layer; -

(3). The barrier layer must-be formed in such a manner as to comformally
and conti'nuously cover a high aspect ratio trench. By “high aspect ratio”,

it is meant a trench wherein the depth to width ratio is greater than 3:1;

(4). The barrier layer should be as thin as possible, so as to maximize the
fraction of the cross-section of the trench which may be filled with the Cu

wiring, so as to maximize wire conductivity;

(5). The barrier layer-should be of uniform thickness throughout the

structure, i.e. coverage of the interconnect trench should be conformal. A



oper ati ng .condi ti ons; (2). The barrier layer nmust exhibit good adhesion
'to the dielectric conprising the interconnect structure; therefore,

obviating the need for an additional adhesion |ayer; (3). The barrier
| ayer nmust be formed in such a manner as to conformally and continuously
cover a high aspect ratio trench. By "high aspect ratio”, it is neant a
trench wherein the depth to width ratio i greater .than 3: 1; (4). The

barrier layer should be as thin as possible, so as to maxim ze the
fraction of the cross-section of the trench which may be filled with the Cu
wiring, so as to naximze wire conductivity; (5). The barrier |ayer

shoul d be of uniformthickness throughout the structure, i.e. coverage of
t he i nterconnect trench should be conformal. A

barrier failure will be determined by the thinnest region of the structure,
non-uniformity in thickness will necessarily be wasteful of the trench

cross-sectional area;

(6). The barrier layer should be made from a material that has the lowest -

possible resistivity so as to aide in minimizing the total wire 'resistivity;'and

(7). The barrier layer should be resistant to oxidation so as to facilitate the
filling of the remaining trench volume with Cu with a minimum of

pretreatment steps or processes.

While pribr art Earrier layers may‘satisfy one or more of the above criferia,
none of the barrier layers provided in prior art procésse_s are known to
satisfy all of them. Thus, there is a need to develop a new bairier layer
that satisfies each and every criteria mentioned hereinabove. Such a

barrier layer would be extremely useful in all semiconductor interconnect



7 .+« barrier failure will be determ ned by the thinnest region of the

: structure, non-uniformty in thickness will necessarily be wasteful of the
trench cross-sectional area; (6). The barrier layer should be nmade from
a material that has the | owest possible resistivity so as to aide in
mnimzing the total wire resistivity; and (7). The barrier layer should
be resistant to oxidation so as to faciBitate the filling of the remaining
trench volume with Cu with a mninmum of pretreatnment steps or processes.
VWhile prior art barrier |layers may satisfy one or nore of the above

‘criteria, none of the barrier layers provided in prior art processes are
known to

applications wherein Cu or another conductive metal is found.

Summary of the Invention

One object of the present invention is to provide a barrier layer for use in
interconnect trench or via structures which satisfies the above mentioned

criteria listed under items 1-7.

One specific objective met by the present invention is that it provides a
barrier layer that is compatible, i.e. adheres, with both the dielectric
material and the conductive material so as to eliminate the need of an

additional adhesion layer in interconnect structures.

A second specific objective met by the present invention is that .it provides
a barrier layer which is ultra-thin (less than 15 nm) and is capable of

| conformally covering high aspect ratio trenches or vias.
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satisfy all of them Thus, there is a need to develop a new barrier |ayer

- that satisfies each and every criteria nentioned herei nabove. Such a

barrier layer would be extrenmely useful in all sem conductor interconnect
applications wherein Cu or another cgnductive material is forned.

SUMVARY OF THE | NVENTI ON Aéhordlng to a first aspect of the
invention there is provided a structure -conprising at |east one |ayer of a
dielectric or sem conducting material having a | ayer of al pha-Won a
portion thereof, and a conductive material selected fromthe group
‘consisting of Cu, Al and alloys of Cu and Al forned over said al pha-W

| ayer, wherein said al pha-Wlayer has a thickness of | ess than 15nm which
separates said conductive material fromsaid dielectric or sem conducting

Mo said at 1895 agdolte yaeﬁ%easeaﬁciaé@ér?taéé’%%?’éééﬁn&sé@wﬂp% Sllor il
invention by utilizing alpha-W as a barrier layer, wherein the alpha-W is
formed by a low temperature/low pressuré chemical Vapor deposition
(CVD,) process using tungsten hexacarbonyl, W(CC)S, as the preéursor,
i.e. source material. Specifrca'lly. the barrier ra_yer of the present invention
comprises alpha-phase W which is a single phaéed material that is
formed from W(CO), utilizihg a low temperature/low pressure CVD
process. No other phases such as B-W are formed by utilizing

the method of the present invention.

Another aspect of the present invention relates to a method of forming-an
alpha-W barrier layer on the sidewalls and bottom of a trench or via that
was previously formed in a dielectrié material. Speciﬁcarly, the alpha-W
barrier layer is formed in the present invention by depositing a conformal
layer of alpha-W having a thickness of less trran 156 nm on the sidewalls

'.and bottom of a trench or via region previously formed in a dielectric

This Shee

VTS




According to a second aspect of the invention there is provided an

. I nterconnect structure conprising at |east one layer of a dielectric
material having at |east one trench or via region therein, wherein said
trench or via region includes sidewalls and a bottomwall; a conform
barrier |layer of al pha-Wcovering the sidewalls and the bottom of said
trench or via regions; and a conductivgqgmaterial selected fromthe group
consisting of Cu, Al and alloys of Cu and Al fornmed over said al pha-W
barrier |layer, wherein said al pha-Whas a thickness of |ess than 15nm whi ch
‘substantially prevents said conductive material fromdiffusing into said
dielectric material. - 10 - According to a third aspect
of the invention there is provided a barrier layer for use i n interconnect

‘structures, saldbrrler r, conprising.a,single has ha W ayer,
wher ei n sai d MateAa. Wh%?’@rs%égeaonﬁ H@E%PUP&Q‘E fm whi ch
substantially prevents the out-diffusion of a conductive mat erial selected

from the grodepositiondCMLY using VY CQ); asraisalirceysatefialCu and Al into a near by
dielectric or sem conducting material |ayer. According to a fourth

aspect of the invention there is provided a nethod of form ng an al pha-W
barrier layer inside a trench or via region of an interconnect structure

A still further aspect of the present invention relates to a structure
comprising at least one layer of a semiconduc’:ﬁng, e.g. polysilicon, or

: dieleétric material having a layer of alpha-W.over a pértion of said
semiconducting or dielectric material; and a conductive material formed
over said alpha-W layer. The alpha-W is formed over the material in
accordance with the method described hereinabove in forming the

alpha-W barrier layer.

Avyet furthe.r aspect of the present invention relates to interconnect
structures that cbntain the alpha-W barrier layer of the present invention
inside the trench or via structure. Speciﬁcally,' the intérconnect structure
of the present invention comprises one or more layers of a dielectric

‘material having at least one trench or via region therein; a barrier layer of
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conpr ixsi ng: depositing a |layer -of al pha-Winside said trench region
.of said interconnect structure, wherein said depositing conprises chem cal
vapor. deposition (CVvD) using WCO/[err] as a source material.

Sui t.abl e i nterconnect structures that are contenplated in the present

I nvention include, but are not limted to: nmenory cell capacitors including
pl ate capacitors, crown capacitors, stack capacitors and other I|ike

capaci tors; danmascene structures including dual and single; nultiple wiring
| evel s containing a plurality of vias ard netals |lines; and other |ike

i'nt erconnect structures. 12

the alpha-W.covering the sidewalls and the bottom of the at least one
trench or via region, wherein said alpha-W barrier layer is a continuous
single phased material having a -thi_cknesé of less than 15 nm; and a
conductive haterial formed over said alpha—W barrier layer in said at least
one trénch or via région. Vias may also be formed in a respective -
dielectric éxtending from the bottom of a trench to an in_terconnect wiring

fren_ch below.

Suitable interconnect structures that are contemplated in the present
invention include, but are not limited to: memory cell capacitors including
plate capacitors, crown capacitors, stack capacitors and other like
capacitors; darhascene structures including dual and single; multiple
wiring levels céntainin_g"a plurality of vias and metal lines; and other like

interconnect structures.
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- Brief .Description of the Draw ngs Fig. 1is a cross-sectional view of a
:prior art interconnect structure. Fig. 2 is a cross-sectional view of a
trench capacitor structure of the present invention which contains al pha-W
as the barrier |ayer. Fig. 3 is a cross-sectional view of a dual
damascene structure of the present invention which contains al pha-Was the
barrier |ayer. Fig. 4 is a schematic diagram of a CVD apparatus which is
used in the present invention to deposit the al pha-Wbarrier |ayer. Fig.

5 is a triangular voltage sweep graph (capacitance vs. voltage) of a
SiJg.err]/ S substrate containing an al pha-Wbarrier layer fornmed in
accordance with the present invention.

~ Brief Description of the Drawings

Fig. 1 is a cross-sectional view of a prior art interconnect structure.

Fig. 2 is a cross-sectional view of a trench capacitor structure of the

present invention which contains alpha-W as the barrier layer.

Fig. 3 is a cross-sectional view of a dual damascene structure of the

present invention which contains alpha-W as the barrier layer.

Fig. 4 is a schematic diagram of a CVD apparatus which is used in the .
present invention to deposit the alpha-W barrier layer.

Fig.5isa tﬁangular voltage sweep graph (capacitance vs. voltage) of a
SiO,/Si substrate containing an alpha-W barrier layer formed in

accordance with the present invention.



13 . Figs. 6(a) and (b) are X-ray crystall ography data for (a) al pha-W
.prepared in accordance with the present invention; and (b) sputtered W
whi ch contains both al pha-phase Wand bet a- phase W

Detai |l ed Description of the Invention The present invention, which is
directed to a barrier layer conprising alpha-W wll now be described in
greater detail by referring to the dramﬁags t hat acconpany this
application. It should be noted that in t drawi ngs |i ke el enments or
conponents are referred to by like and corresponding reference nunerals.
It is further enphasized that while the present invention illustrates

pl ate capacitors and dual danascene interconnect structures, it can be
used in other applications mherein a conductive material such as Cu is

enpl oyed as an_el ectrode or wri nmeans. Ano ent i application
for The at sha s A and (ayae X%ra reystallography s fora) iphaiv Gi8BareH’
in accordance with the present mventlon; and (b) sputtered W which

contains both alpha-phase W and beta-bhase W.

Detailed Description of.thé .'

Invention

The presént invention, which is directed to a barrier layer comprising
élpha'-W, will now be described in greater detail By referring to the
drawings that accompany th_is application. It should. be noted that in the
drawings like elements or components are referred to by like and
corresponding reference numerals. It is further emphasized that while the
present invention illustrates plate capacitors and dual damascene
interconnect structures, it can be used in other applications wherein a
conductive material such as Cﬁ is employed as an electrode or wiring

"means. Another potential application for the alpha-W barrier layer of the



14 . present application is in a gate stack wherein the al pha-Wwoul d be
. formed between polysilicon and an outer netallization |ayer using the

met hod of the present invention. Referring to the drawings in nore
detail, and particularlyreferring to Figs. 2 and 3, there are shown two
types of interconnect structures that may contain the barrier |ayer of the
present invention therein, i.e. a contingous |ayer of alpha-Wwhich is
formed by CVD using WCO [err] as the source material. Fig. 2 represents a
paral l el plate capacitor whereas Fig. 3 is a dual danmascene interconnect
‘structure. It is enphasized that although the present invention
illustrates only the above two structures it is nevertheless not |limted
thereto. Instead, the al pha-Whbarrier |ayer of the present invention can

‘be used in any application wherein a conductive
. present application is in a gate stack wherein the alpha-W would be

formed between polysilicoh and an outer metallization layer using the

method of the present invention.

Referring to the drawi_nQ_s_in_hore_ détail, and pérticularlyreferring to Figs..
2 and 3, there are shown -t\)\(o types of interconnect structures that may
contain the barrier layer of the present inventjon therein; i.e. a continuous
layer of alpha-W which is :formed by CVD u_sihg W(CO), as the source |
material. Fig. 2 rep,r_esentis a paralle! plate capacitor whereas Fig. 3is a
dual damascene interconnect structure. It is emphasized thgt although -
the present invention illustrates only the above two structures it is
neverthe_i’ess not limited thereto. instead, the alpha-W barrier layer of the
present invention can be used in any application wherein a conductive
metal such as Cu is filled inside a trench or Qia of a dielectric material. It
should also be emphasized that the drawings of the present inyention

..show only layers and materials that are necessary to describe the



metall such as Cuis filled inside a trench or via of a dielectric material.
- It .should al so be enphasized that the drawi ngs of the present invention
show only layers and nmaterials that are necessary to describe the

15 i nvention; other layers and materials which are known to those
skilled in the art are also contenplated in the present invention.
Specifically, Fig. 2 illustrates a paraljsel plate capacitor which conprises
sem conductor substrate 20, dielectric 22 having an opening, i.e. trench or

via, inits surface, an al pha-Whbarrier |ayer 24 prepared in accordance
with the present invention, optional netal seed | ayer 26, conductive
material 28, al pha-Whbarrier layer 25, dielectric 30 and el ectrode 32. The
capacitor structure of Fig. 2 also includes barrier |layer 36 which may be

conposed of a] pha-W or,, anot her terial h a ilicon,nitrjde i ch
pos aineention; other layers elrrE1 matér?als %%?ch arsé ksnlovslln tontholse skﬂed\{wl

the art are also contemplated in the present invention.

Speciﬁéall_y, Fig. 2 illustrates a pafallel plate capacitér which comprises
semiconductor substrate 20, dielecfric 22 having an opening, i.e. trench or
via, in its surface, an alpha-W barrier layer 24 pre-.pared in accordance
with the present invention, optional metal seed layer 26, conductive
materi:al 28, alpha-W barrier layer 25, dielectric 30 and electrode 32. The
capac;itor structure of Fig. 2 also includes barrier layer 36 which may be
composed of alpha-W or another material such as silicon nitride which
prevents contact of conductive material 28 and dielectric 22. When
alph_a-W is used as barllier layer 36, the method of the present invention is
employed. When qther’ barrier materials are used, conventional

deposition techniques are employed in forming barrier layer 36.

This capacitor structure is prepared utilizing conventional processing



prevents contact of conductive material 28 and dielectric 22. \Wen
. 1s used as barrier layer 36, the nethod of the present invention is
enpl oyed. When other barrier materials are used, conventional deposition
techni ques are enployed in formng barrier |ayer 36. Thi s capacitor

structure is prepared utilizing conventional processing

16

steps well known to those skilliéd in the art except for the

al pha-wW

deposition of alpha-Whbarrier layers.24 and 25 which are fornmed utili zing

the | ow

t enper ature/ pressure CVD process described herei nbel ow. It

S

‘noted that barrier layer 36 nmay al so be formed utilizing the nethod of the

pr esent

those skilled in the art,

“her ei n.

steps well known to those skilled in the.art except for the deposition of
alpha-W barrier _Iayérs 24 and 25 whicﬁ are formed utilizing the low
temperature/pressure CVD process descﬁbed hereinbelow. It is noted
that barrier layer 36 may also be formed uilizing the mettiod of the
present invenfion. Sin_’ce all of the other processing steps ére known to |
those skilled in the art, a detailed description of the same is not given

herein.

Semiconductor substrate 20 may contain appr_opriate diffusion and
isolation regions to form electronic devices which are embedded in
semicénddctor substrate 20. For clarity, these regions as well as others
are not Shown in the drawings of the present invention. Any suitable
material that is semiconducting may be employed in the present invention
as semiconductor substrate 20. This includes, but is not limited to: silicon

(Si), Ge, SiGe, GaAs, InAs, InP and all other lll/V compounds. Of these

| semiconducting materials, it is highly preferred in the present invention

I nvention. Since all of the other processing steps are known to
a detailed description of the sane is not given



Sem conductor substrate 20 may contain appropriate diffusion and isolation

- regions to formelectronic devices which are enbedded in sem conductor

substrate 20. For clarity, these regions as well as others are not shown
in the drawi ngs of the present invention. Any suitable material that is

sen conducting may be enployed in the present invention as semn conductor
substrate 20. This includes, but is notj7limted to: silicon (Si), GCe,

Si Ge, GaAs, InAs, InP and all other I11/V conpounds. O these

sem conducting materials, it is highly preferred in the present invention
17 that sem conductor substrate 20 be conposed of Si or SiCe. The
sem conduct or substrates enployed in the present invention may be

that semiconductor substrate 20 be composed of Si or SiGe.

The semiconductor substratesemployed'in the present invention may be
of the p-type or n-type depending upon the type of electronic device being
manufacﬁ:lred. |
Dielectric 22, Which contains a trench region formed in its surface, .
includes any insulative- maferial incfuding inorganic materials as well as

| organic materials. Suitable dielectrics that can be employed in the
present 'invention include: but are not Iimited to: SiQ,, SizN,, polyimides,
diamond, diamond-like carbon, silicon pblymers, paralyne polymers and
fluorinated diamond-like carbon. These dielectrics may be doped or
undoped. When doped, the dopant.may be boron, ﬂuorine, phosphorus,

. silicon, Ge or another iike dopant material.

Dielectric 22 may contain appropriate word lines, bit lines, and other

"componentswhich are typically present in capacitor structures of the type



of t.he p-type or n-type dependi ng upon the type of electronic device being
manufactured. Dielectric 22, which contains a trench region forned in its
surface, includes any insulative material including inorganic materials as
well as organic materials. Suitable dielectrics that can be enployed in
the present invention include: but are not limted to: Sigerr]

pol yi m des, dianond, dianond-like carborg silicon polyners, paralyne
polymers and fluorinated dianond-1i ke carbon. These dielectrics may be
doped or undoped . Wen doped, the dopant nay be boron, fluorine,
-phosphorus, silicon, Ge or another |ike dopant material. Dielectric 22
may contain appropriate word lines, bit |lines, and other conponents which

are typically present in capacitor structures of the type
"18 : : .
illustrated by Fig. 2. For clarity, these elements are not shown in the

drawings of the present invention. Réference is made to copending and
coassigned U.S. Application Seriz;ll Nos: 681636,457, filed April 23, 1996,
to Andricacos, et al. and 08/886,459, filed May 30, 1997, to Grill, et al.,
which are both ihéorporated herein by refere'nc_:e, for providing a detailed

description of capacitor structures and how the same are fabricated.

As stated above, many of the processing steps used in forming fhe
structure shown in Fig. 2 are known. For example, the structure is formed
using conventional techniques which include: forming dielec_tric 22 on
semiconductor shbstrate 20 by, for example, CVD, spin-on coating and
plasma vapor deposition, and then a trench is formed in dielectric 22

utilizing standard lithography techniques well known to those skilled in the

art.

Next, alpha-W barfier layer 24 is formed in the trench of the structure



illustrated by Fig. 2. For clarity, these elenents are not shown in the
. drawi ngs of the present invention. Reference is made to copendi ng and
coassigned U.S. Application Serial Nos. 08/ 636,457, filed April 23, 1996,

to Andricacos, et al. and 081886, 459, filed May 30, 1997, to Gill, et al.,
whi ch are both incorporated herein by reference, for providing a detailed
description of capacitor structures andihow the sane are fabricated. As

stated above, nmany of the processing steps used in formng the structure
shown in Fig. 2 are known. For exanple, the structure is forned using
conventional techniques which include: fornmng dielectric 22 on

sem conduct or substrate 20 by, for exanple, CVD, spin-on coating and

pl asma vapor deposition, and then a trench is forned in dielectric 22

utilizi t ' t I |1 ed
;Jh:a I:1Irtng > aﬂleg'@gtﬂa% %’%W@Q%ﬁ@?g%%r Jm'?orrre :are\E?ﬁ%éadtirﬁglncheofltnhe

structure ) i
greater detail hereinbelow.

The structure in Fig. 2 also inclqdes an optional metal seed layer 26.
Examples of metal seeds layers and how the same are formed can be
found in copending and coassigned attorney Docket No. YO996-262, filed
April 27, 1998, to Edelstein, et al., the contents of which are being
incorporated herein by reference. The metal seed layers that are
employed in the present invention include, but are not limited to: Cu and
Al. The seed layer, when present, is formed by conventional means
including sputtering, CVD and plating.

In addition to optional seed 'iayer 26, a conductive region 28 compdsed of
a conductive material such as Cu, Al, or alloys of Cu or AI is formed such
that conductive region 28 at least fills the inside of the trench region. A
preferred material for conductive region 28 is Cu. Reference ié made to

copending and coassigned U.S. Application Serial No. 08/768,107, filed



19 .. utilizing the method of the present invention which wll be
des greater detail hereinbel ow. The structure in Fig. 2 also
i ncludes an optional netal seed |ayer 26. Exanples of netal seeds |ayers

- described in

and how t he sane, are forned can be

attorney Docket No. Y(0996-262, filed April 27, 1998, to Edel stein,

al., the contents of which are being

found in copendi ng and coassi gned

et

| nogr porated herein by reference.

netal seed |ayers that are enployed in the present invention include,
are not limted to: Cu and Al. The seed | ayer, when present, is fornmed by
means including sputtering, CVD and plating. In addition to
- optional seed |ayer 26, a conductive region 28 conposed of a conductive

mat eri al such as Cu, A, or aIons of Cu or Al is formed such that

-convent i onal

AR LR R RERE I

preferred nat<€®¢an

®Hde to

copendi ng and coassigned U S. Application Serial No. 08/768,107, filed

incorporated herein by reference, for describing various means for
forming a conductive material in a trench:region. In Fig. 2, conductive
region 28 eménds-outside 6f the trench and it is patterned to a desired
shape. ltis alsé within thé contemplation of the pre’sent-invention.to have
a planarized conductive region which does not extend outside of the
trench. Barrier layer 36, which may or may not be composed of alpha-W,

prevents contact of conductive region 28 with dielectric 22.

The structure_ in Fig. 2 further includes an alpha-W barrier layer 25 formed
over conductive region 28 using the méthod of the present invention, a
dielectric 30 which is formed over barrier layer 25 utilizing conventional
deposition techniques such as CVD. Suitable materials for dielectric 30
include, but are not limited to: Si;N,, oxynitrides, metal oxides such as

Ta,05 and TiO,, (Ba,Sr)TiO, (BST) and (Pb,La,ZNTiO, (PLZT). The final

‘component of the plate c_apacitdr shown in Fig. 2 is an electrode 32 which

The
but



20 + . Decenber 16, 1996, to Andricacos, et al., the contents of which are
.bheing incorporated herein by reference, for describing various neans for
form ng a conductive material in a trench region. In Fig. 2, conductive
regi on 28 extends outside of the trench and it is patterned to a desired
shape. It is also within the contenplation of the present invention to have
a pl anarized conductive regi on which doe3! not extend outside of the

trench. Barrier layer 36, which nmay or nay not be conposed of al pha-W
prevents contact of conductive region 28 with dielectric 22. The
structure in Fig. 2 further includes an al pha-Wbarrier |ayer 25 forned
over conductive region 28 using the nethod of the present invention, a
dielectric 30 which is fornmed over barrier |ayer 25 utilizing conventional

deposition t e QA fidhl @hvEfonatYehBBititn TG RsSinbRbing fhftg.r 1 ¢ 30

The méterial used in forming electrode 32 includes, but is not limited to:

W, Cu, Al, Pd, polysilicon and Pt.

Before addressing how alph'a-W barrier layers 24 and 25 are forméd in . B
Fig. 2, attention is directed to the inferconnect structure shown in Fig. 3..
Specifically, Fig. 3 illustrates a dual damascene structure which comprises
a lower interconnect level 40 and an upper interconnect level 42. Each
level includes a Qia region and a metal region. The via region is
distinguishable from the metal region in that it has a narrower opening as
compared with the opening of the metal region. Lower interconnect level
40 includes dielectric 22 having an opening or tl;ench therein that is filled
with alpha-W barrier layer 24, optional metal seed layer 26 and
conductive region 28. On'top of lower interconnect level 40 is an upper
interconnect level 42 which includes dielectric 44 having a trench region

‘exposing the filled trench of lower interconnect level 40. The trench



i ncl.ude, 'but are not limted to: [err] oxynitrides, netal oxides such as
[err] and Tigerr], (Ba,Sr)Tigerr] (BST) and (Pb, La,Zr)Ti B (PLZT). The
~final conponent of the plate capacitor shown in Fig. 2 is an el ectrode 32
whi ch 21 is formed
utilizing conventional deposition techniques including plating. The
material used in formng electrode 32 ipgludes, but is not [imted to: W

Cu, A, Pd, polysilicon and Pt. Bef or e addressi ng how al pha-Wbarrier
| ayers 24 and 25 are formed in Fig. 2, attention is directed to the
interconnect structure shown in Fig. 3. Specifically, Fig. 3 illustrates a

dual damascene structure which conprises a |lower interconnect |evel 40 and
an upper interconnect |level 42. Each |level includes a via region and a

metal region. ﬁarro ﬁé‘r%fé?cdﬁec@leﬁie‘l B8 filPlvith BhARAAD BEIHEr 14 o 1N

that it has a r openi

24, an optional seed layer 26 and cond_uctwe matenal 28. Between each
interconnect level, a barrier layer 36 is formed therebetween. When
alpha-W is used as barrier layer 36, the method f‘of :th'e present invention is
employed. Alternatively, when other _bafrier rh.;a‘te'riz-als',: besides alpha-W, -
are gmployed. Convéntibnal qeposition iééﬁniq’déé are used in férhing the

same.

As was the case, with the capacitor structure shown in Fig. 2, t'he '
damascene structure shown in Fig. 3 is prepare_d utilizing standard
damascene processing steps known in the art except for the alpha-W |
barrier layer which is formed on the sidewall and bottom of the trench
utilizing the method of the present invention which will be described

hereinbelow. -

Many of the elements illustrated in Fig. 3 are the same as shown in Fig. 2



conpared'with the opening of the nmetal region. Lower interconnect |evel 40
I ncl udes dielectric 22 having an opening or trench therein that is filled
‘with al pha-Wbarrier layer 24, optional metal seed |ayer 26 and conductive
region 28. On top of lower interconnect |evel 40 is an upper interconnect
| evel 42 which includes dielectric 44 having a trench region exposing the

filled trench of |ower interconnect |e¢dl 40. The trench

22 regi on of upper interconnect level 42 is filled with an al pha-W
barrier layer 24, an optional seed |ayer 26 and conductive nmaterial 28.
-Bet ween each interconnect level, a barrier layer 36 is forned

t herebet ween. When al pha-Wis used as barrier |ayer 36, the nethod of the
present invention is enployed. Alternatively, when other barrier

-materials, b%io@kﬁhﬁsqh@%swptmr@bmdnc@ﬂwmgm@ue@@ais @Iﬂﬂi@%'ﬁér@“
techni ques are used in formng the sane.
for this figure. The only element not prevrously described is dielectric 44

which can be composed of the same or d'iff'erent rh_atérial as dielectric 22.

The _forrﬁaﬁc_;n of the alpha;W barrier layers in ngs. 2 _and .':_3'as well as
other intéréonnect structures which'c.:ontairi étre_ricﬁ or Via region and a
conductive région therein will now- be described in detail. Reference is .
also made to U.S. Applicatibn Serial Nos. 08/739,765, filed October 30,
1996 and 09/021,262, ﬂlediFebruary 10, 1998, the contents of both are
being incorporated herein by reference, for disclosing the -formation ofa
W gate material which is deposited by CVD using W(CO), as the source

material. -

Specifically, a barrier layer of alpha-W, e.g. layer 24, is formed inside the
trench of dielectric 22 and/or 44 so as to provide a conformal layer wh'ich

continuously covers the sidewalls and the bottom of the trench by



As was the case, with the capacitor structure shown in Fig. 2, the
_damascene structure shown in Fig. 3 is prepared utilizing standard
damascene processing steps known in the art except for the al pha-W barrier
| ayer which is formed on the sidewall and bottom of the trench wutilizing
the nethod of the present invention mhiaﬂ wi |l be described hereinbel ow
Many of the elenents illustrated in Fig“ '3 are the sane as shown in Fig. 2
23 and thus the description above concerning those el enents applies
here for this figure. The only el enent not previously described is

-dielectric 44 which can be conposed of the sanme or different material as
dielectric 22.

employing CVD using W(CO), as the source material under the
temperature and pressure conditions defined hereinbelow which are
sufficient to form alpha-W barrier layer 24 inside_ the trench of dielectric 22
- or44. It should be emphasized that the Same condifions are employed in
forming alpha-W barrier Iay‘er 25 shown in Fig. 2 exeept that barrier layer

- 25 is formed over conductive region 28.

Reference is made to Fig. 4 which shows a CVD apparatus that can be
employed in the present invention to form the alpha-W barrier layer.
Specifically, this CVD appératus includes.a load-lock stainless steel port
50 which compriseé a graphite sample holder cartridge, not shown in Fig
4, wherein the interconnect structure containing the opened trench or via
is placed. The CVD apparatus further includes a chamber 52 which
contains a heater (not shown) for heating the sample during deposition
and an ultra-high vacuum pump 54-for controlling the base pressure prior

to deposition and a second ultra-high vacuum pump 56 for controlling the



The formation of the al pha-Wbarrier layers in Figs. 2 and 3 as well as
ot her. i nterconnect structures which contain a trench or via region and a
conductive region therein will now be described in detail. Reference is
al so nmade to U.S. Application Serial Nos. 081739, 765, filed QOctober 30,
1996 and 09/021, 262, filed February 10, 1998, the contents of both are
bei ng i ncorporated herein by reference, for disclosing the formation of a
Wgate material which is deposited by CVD using WCO)[err] as the source
mat eri al . Specifically, a barrier |dyer of alpha-W e.g. layer 24, is
formed inside the trench of dielectric 22 and/or 44 so as to provide a
.conformal | ayer which continuously covers the sidewalls and the bottom of
the trench by 24

enpl oying CVD using W CO[err] as the source material under the

reactor pressure during deposition.

The source material 58, tungsten hexacarb'o.nyl, W(CO),, is introduced
from tank 64 into chamber 52 via a stainless steel valve 60 and is directed
to the opened trench interconnect structure which is contained with_in' the

CVD apparatus.

The specific operation of the CVD .apparatus shown in Fig. 4 would
comprise first placing the interconnect structure into port 50 wherein the-
- base pressure of the system is brought down to the desired level by
ultra-high vacuum pump 54. After the desfred base pressure is reached,
tube 62 is used to push the interconnect structure into chamber 52
wherein vacuum pump 56 and the heater are used to control_.the |
déposition conditions. The source material 58 from fank 64 travels

through valve 60 into chamber 52 and is used in the deposition process..



tenperature and pressure conditions defined herei nbel ow which are
sufficient to formal pha-Wbarrier layer 24 inside the trench of dielectric
22 or 44. 1t should be enphasized that the same conditions are enployed in
form ng al pha-Wbarrier |ayer 25 shown in Fig. 2 except that barrier |ayer
25 is forned over conductive region 28. Reference is made to Fig. 4

whi ch shows a CVD apparatus that can be sgnployed in the present invention
to formthe al pha-Whbarrier |ayer. Specifically, this CVD apparatus

i ncludes a | oad-1ock stainless steel port 50 which conprises a graphite
sanpl e hol der cartridge, not shown in Fig 4, wherein the-interconnect
structure containing the opened trench or via is placed. The CVD appar at us
further includes a chanber 52 which contains a heater (not shown) for
heati ng the sanple during deposition and an ultra-high vacuum punp 54 for
control l'ing tAmy beagle gACO)ccqn beusetidn teppasenbimventiormirsfecmirg tiet r a- hi gh

vacuum punp 56 for controlling the
alpha-W barrier layer. If a low purity W(CO), grade is used, it can be
purified prior to being introduced into chahber 52 using purification-

techniques well known to those skilled in the art.

The base pressure of the reactor prior to conducting the deposition step is
evacuated to about 1x10® Torr or pressures lower than 1x10°® Torr. Such
base pressurés are required in.the present invention in order to remove

: .any contaminates such as oxygen that may be present in the source
material or the system prior to deposition. The presence of such

contaminates may inhibit the formation of pure alpha-W.

CVD of W(CO), occurs at a temperature of from about 250~ to about
600"C. More preferably, the CVD deposition of W
occurs at a temperature of from about 275" to about

'500"C. - For optimum conductivity, it may be desirable



25 - reactor pressure during deposition. The source material 58,
tiungst en hexacarbonyl, WCO[err], is introduced fromtank 64 into chanber
52 via a stainless steel valve 60 and is directed to the opened trench
i nterconnect structure which is contained within the CVD apparat us. The
specific operation of the CVD apparatus shown in Fig. 4 would conprise
first placing the interconnect structure into port 50 wherein the base
pressure of the systemis brought dowm27to the desired | evel by wultra-high
vacuum punp 54. After the desired base pressure is reached, tube 62 is
used to push the interconnect structure into chanber 52 wherein vacuum
punp 56 and the heater are used to control the deposition conditions. The
source material 58 fromtank 64 travels through valve 60 into chanmber 52
ahd is used in the deposition process.

to add hydrogen to the W source material when

operating at deposition temperatures of less than
450°C. The pressure of the reéctor during deposition
is from about 1x10°® to about 3.:‘110'3 Torr. More
preferably, the deposition of W(CO)¢ occurs at a
pressure of from about 1}.<1O‘4 to about

2x102 Torr. -

The CVD process is carried out for a time period of from about 3 minutes
to about 4 hrs. Longerand shorter deposition times than those specified

above are also contemplated herein.

It is noted that these conditions are sufficient to form an alpha-phase W
barrier layer 24 inside the trench of the interconnect structure. The same
conditions are also capable of forming an alpha-phase barrier layer 25

over conductive region 28, as is shown in Fig. 2. The term “alpha-phase”



26 - Any grade of W CO[err] can be used in the present invention in
formng the alpha-Whbarrier layer. If a low purity WCO|[err] grade is
used, it can be purified prior to being introduced into chanber 52 using
purification techniques well known to those skilled in the art. The
base pressure of the reactor prior to conducting the deposition step is
evacuated to about 1x10[err] Torr or pressures |ower than 1x10[err] Torr.
Such base pressures are required in tB8 present invention in order to
remove any contam nates such as oxygen that may be present in the source
material or the systemprior to deposition. The presence of such

contam nates nmay inhibit the formation of pure al pha-W CVD of

WCO [err] occurs at a tenperature of from about 250 - to about 600C. More
preferably, the CVD deposition of W

is used herein to denote W which is characterized as having the body
centered cubic (bbc) structure, i.e. a cr);stal structure wherein W atoms
are located at each corner of a’cubic arréy and one W atom is located in
the middle of the cubic array. It is further emphasized that the CVD
conditions are sufficient to form W which has a single phase. This is 3
critical in interconnect structures since multiple phases can cause defect
formation in the barrier layer which may resulit in the failure of the barrier
layer to prevent the out-diffusion of Cu. This can occur when upon
heating the thermodynamically less stable phase (beta-W) transforms to
the more stable phase (alpha-W) with a change in specific volume. This
volume change results in microcracks in the material along which Cu can
travel. This barrier layer failure hay ultimately result in device

degradation or device failure.

It is also noted that under the above conditions a conformal and

'.continuous barrier layer comprising alpha-W having a thickness of less



occurs at a tenperature of from about 275- to about 500C. For optinmum
conductivity, it may be desirable

27 to add hydrogen to the Wsource naterial when operating at
deposition tenperatures of less than 450[err]C. The pressure of the
reactor during deposition is fromabout 1x10 to about 3x10[err] Torr.

More preferably, the deposition of WCO @&goccurs at a pressure of from
about 1x10[err] to about 2x10[err] Torr. The CVD process is carried out
for .a tine period of fromabout 3 mnutes to about 4 hrs. Longer and
shorter deposition tinmes than those specified

than 15 nm is provided inside the french. More specifically, the above
conditions are sufficient to form an alpﬁa-W barrier layer that has a
thickness of no more than 7.0 nm. Lowef or higher thicknesses are
possible provided that a continuous film be formed by the deposition
process. The average thickness variation over typical device dimensiqns
of the CVD deposited alpha-W on a given flat surface is no more than
5%.

It is further noted that the alpha-W barrier layer of the present invention
meets all seven criteria mentioned in the Background Section of the
present application. Hence, it provides properties such as being
impermeable to Cu diffusion, good adhesion and conformally and
continuoU'sly covers a high aspect ratio trench which are heretofore not

meet by prior art barrier layers.

It should also be understood that the deposition of W using CVD or

"sputtering techniques is well known in the art and it is generally applied as



above. are al so contenpl ated herein. It is noted that these conditions
are sufficient to forman al pha-phase W barrier |ayer 24 inside the trench
of the interconnect structure. The same conditions are al so capabl e of
form ng an al pha-phase barrier |ayer 25 over conductive region 28, as is
shown in Fig. 2. The term "al pha-phase”
28 - is used herein to denote Wwhich3@®s characterized as having the
body centered cubic (bbc) structure, i.e. a crystal structure wherein W
atons are |located at each corner of a cubic array and one Watomis
located in the mddle of the cubic array. It is further enphasized that
the CVD conditions are sufficient to form Wwhich has a single phase. This
is «critical in interconnect structures since nultiple phases can cause
defect formation in the barrier layer which may result in the failure of
the barrier gwiring means in packaging applications. In prior CVD applications,

tungsten hexafluoride, WF, is typically used as the source material not

W(CQ),. Little attention has been given to the use of tungsten carbonyls

in wiring applications since relatively high temperatures are necessary to

produce reasonably pure W films.

The formation of W layers using WF, CVD chemistry have been

previously disclosed in the prior art. This process, however, differs
fundamentally from the present invention, in that WF, cannot be used to
deposit W directly onto dielectric materials. l.nstead, thick layers of silicon
must first be deposited onto the dielectric material in a chemical activation |
step, and then the s'ilicon is reacted away (to forh SiF,) leaving W in its

stead.

Moreover, it has been determined that exposure of even quite thick oxide

films (250 nm) to WF, causes, without any exceptions, complete device



| ayer .to prevent the out-diffusion of Cu. This can occur when upon heating
the thernodynam cally | ess stable phase (beta-W transforms to the nore
stabl e phase (al pha-W with a change in specific volune. This volune
change results in mcrocracks in the material along which Cu can travel.
This barrier layer failure may ultimately result in device degradation or

device failure. It is also noted that 3ynder the above conditions a
conformal and continuous barrier |ayer conprising al pha-Whaving a
t hi ckness of |ess 29

than 15 nmis provided inside the trench. Mre specifically, the above
conditions are sufficient to forman al pha-Wbarrier |ayer that has a
t hi ckness of no nore than 7.0 nm Lower or higher thicknesses are

failure, i.e. it causes the oxide to become excessively leaky in terms of its
current. Other techniques besides CVb have been employed such as
sputtering W however, none of the prior ért processes are capable of
depositing alpha-W directly onto dielectric materials éo as to achieve the

objectives of the present invention.

The following example is given to illustrate the scope of the present
invention. Because this example is given for illustrative purposes only,

the invention embodied therein should not be limited thereto.



possi-bl e provided that a continuous filmbe fornmed by the deposition

process. The average thickness variation over typical

the CVD deposited al pha-Won a given flat surface is no nore than

is further
neets all

present application. Hence, it providesqgroperties such as being
i npermeabl e to Cu diffusion, good adhesion and confornally and

continuously covers a high aspect

devi ce di mensi ons

5%

noted that the al pha-Wbarrier |ayer of the present invention
seven criteria nentioned in the Background Section of the

ratio trench which are heretofore not

of
|t

meet by prior art barrier |ayers. It should al so be understood that the

deposition of Wusing CVD or sputtering techniques is well known in the
is generally applied as

art and it
30

EXAMPLE

A series of experiments were performed ih order to demonstrate the

effectiveness of the alpha-W barrier layer of the present invention.

|. DEMONSTRATION OF IMPERMEABILITY

A substrate comprising a planar layer of Cu having a thickness.of 300 nm
formed on the surface of silicon was expcssed to W(CO), in accordance
with the CVD processing conditions mentioned hereinabove. Specifically,
the W deposition was carried out in a CVD apparatus at a temperature of
about 450 C and a deposition pressure of about 5x107
Torr. Deposition 'was carried out at these conditions
for a time period of about 8 minutes which was

sufficient to form a continucus alpha-W barrier layer

"hav_ing a thickness of about 7 nm.



a wring nmeans in packaging applications. In prior CVD applications,
tungsten hexafluoride, WF[err], is typically used as the source materi al
not WOCO T [err]. Little attention has been given to the use of tungsten
carbonyls in wiring applications since relatively high tenperatures are
necessary to produce reasonably pure Wfil ns. The formation of Wl ayers
using WF6 CVD chem stry have been previously disclosed in the prior art.
Thi s process, however, differs f undanen ally fromthe present invention,
in that WF[err] cannot be used to deposit Wdirectly onto dielectric
materials. Instead, thick layers of silicon nust first be deposited onto
the dielectric material in a chemcal activation step, and then the
silicon is reacted away (to formSiF4) leaving Win its stead.

Moreover, it has been determ ned that exposure of even quite thick oxide
films (250 nm to WF[err] causes, w thout any exceptions, conplete device

The resulting structure was analyzed b).l X-ray photoemission
spectroscopy (XPS) to ensure that there was no Cu present on the
surface. This sample whiéh contained no Cu on the surface was t'hen.
annealed in vacuum for 70 hours at 500 ~C. .These test
conditions were more stringent than the conditions
used under normal processing conditions-- 3 hours at
4507C-- which are typically shfficient to induce
failure in_prior art barrierflayers. After annealing,
the sample was reanalyzed by XPS. to see if any Cu had
diffused through the alpha-W barrier layer, none

however, was observed.

In another experiment, alpha-W was deposited by CVD onto a SiO, layer
which was previously formed on a Si substrate using the same conditions

described above. Afterwards both Al and Cu dots were deposited on top



31 . failure, i.e. it causes the oxide to become excessively |eaky in
‘terns of its current. Qther techni ques besi des CVD have been enpl oyed such
as sputtering Whowever, none of the prior art processes are capabl e of
depositing al pha-Wdirectly onto dielectric materials so as to achieve the

obj ectives of the present invention. The follow ng exanple is given to
ill'ustrate the scope of the present invsﬂtion. Because this exanple is
given for illustrative purposes only,. e invention enbodied therein

should not be limted thereto. 32

of the CVD alpha-W layer and subsequently used as metal masks while

the W between the metal masks were milled away.

-

The milled sample was then subjected to bias temperature stressing
(BTS) which was carried out at a temperature of 300 °C and a

voltage of 2 MV/cm for 5lhours. These conditions are
normally sufficient to drive the Cﬁ into the SioO,
dielectric layer. Thereafter, the sample was
subjected to tiiangular voltage swéep (TVS) by varying
the voltage and measuring the capacitance at a desired
voltage. Fig. 5 shows the results of the TVS
experiment. Specifiéally, Fig. 5 shows that two peaks
are present in the sample. The ééaks were determined
to be sodium peaks that were originally present in the
sample. No Al or Cu peaks were observed --this is
evident in that no peaks are found in the negative

voltage range wherein Cu typically resides~--. The TVS



EXAMPLE A series of experiments were perfornmed in order to denonstrate
ithe effectiveness of the al pha-Whbarrier |layer of the present invention.

1. DEMONSTRATI ON OF | MPERVEABI LI TY A substrate conprising a planar |ayer
of Cu having a thickness of 300 nm fornmed on the surface of silicon was
exposed to WCO[err] in accordance wth the CVD processing conditions
ment i oned herei nabove. Specifically, tis Wdeposition was carried out in a
CVD apparatus at a tenperature of about450[err]C and a deposition pressure
of . about 5x10[err] Torr. Deposition was carried out at these conditions
for a tine period of about 8 mnutes which was sufficient to forma

conti nuous al pha-Whbarrier layer having a thickness of about 7 nm

data thus shows that the presence of the alpha-W
barrier layer of the present invention prevents Cu

from diffusing into the $iO, dielectric layer.

The results of the above two experiments illustrate that the CVD

deposited alpha-W is a robust diffusion barrier layer.
. DEMONSTRATION OF ADHESION

Numerous samples of W on a SiO, layer which was previously formed on
a Si substrate were formed by the CVD method described above in a
variety of thicknesses'(3-100 nm) and structures consisting of both
blanket films and long wire structures. Adhesion was tested using a
scotch tape technique known to those skilled in the art and these test
results revealed that the adhesion was invariably excellent (by the tape

test) and remained so after temperature excursions as high as 750 ~C



33 . The resulting structure was anal yzed by X-ray photoeni ssion
~spectroscopy (XPS) to ensure that there was no Cu present on the surface.
Thi s sanpl e which contained no Cu. on the surface was then annealed in
vacuum for 70 hours at 500[err]c. These test conditions were nore
stringent than the conditions wused under normal processing conditions-- 3
hours at 450[err] C - which are typicall%6sufficient to induce failure in
prior art barrier |ayers. After annealing, the sanple was reanal yzed by
XPS.to see if any Cu had diffused through the al pha-Whbarrier |ayer, none
however, was observed. I n anot her experinent, al pha-Wwas deposited by
CVD onto a SidJerr] layer which was previously formed on a Si substrate
usi ng the sane conditions described above. Afterwards both Al and Cu dots
wer e deposited on top

In a comparative study, W was deposited on a SiO, layer which was
previously formed on a Si substrate by s;ﬁuttering. Under the same high
temperature excursion as the CVD deposited alpha-W, the wiring

structures containing sputtered W delaminated.

ill. DEMONSTRATION OF CONFORMAL COVERAGE

In current practice, it is only necessary to coat trenches Which are typically
about 0.3 microns wide with a 3:1 aspect ratio. To provide a rigorous test
for cohformal coverage, overﬁang structures were fabricated which had a

base width of only about 0.05 microns and an aspect ratio of about 5:1.

"From the SEM data it can be seen that conformality of growth of alpha-W



34 . of the CVD al pha-W I ayer and subsequently used as netal nasks
while the Wbetween the netal nmasks were m |l ed away. The mlled sanple
was then subjected to bias tenperature stressing (BTS) which was carried
out at a tenperature of 300 [err]C and a voltage of 2 M/ cmfor 5 hours.
These conditions are normally sufficient to drive the Cu into the Sigerr]
dielectric layer. Thereafter, the sanple3®as subjected to triangular

vol tage sweep (TVS) by varying the voltage and neasuring the capacitance
at a desired voltage. Fig. 5 shows the results of the TVS experinent.
Specifically, Fig. 5 shows that two peaks

by CVD was so good that these structures could have been completely
filled with alpha-W. This represents a much more difficult proposition than
merely providing a coatir_lg to the walls. Thus, the conformal growth
characteristics of the method far exceeds the conformal requirerhents of

current practice.

IV. DEMONSTRATION OF THE STRUCTURAL DIFFERENCES

BETWEEN ALPHA-W FORMED IN ACCORDANCE WITH THE

PRESENT INVENTION AND SPUTTERED W

X-ray crystallography was used to characterized a first
sample containing 50 nm sputtered W on a layer of SiO, which was
previously formed on a Si substrate and a second sample containing
alpha-W which is formed on a layer of SiO, which was previously formed
on a Si substrate using the low temperature/pressure CVD process of the

present invention. Reference is first made to Fig. 6(a) which shows the



are present in the sanple. The peaks were determined to be sodi um peaks
that were originally present in the sanmple. No Al or Cu peaks were
observed --this is evident in that no peaks are found in the negative
vol tage range wherein Cu typically resides--. The TVS

35 data thus shows that the presence of the al pha-W barrier |ayer of
the present invention prevents Cu fromdiffusing into the SiQ2 dielectric
| ayer. The results of the above two ¥xperinents illustrate that the CVD

deposited al pha-Wis a robust diffusion barrier |ayer.

X-ray data for the CVD deposited W. Specifically, this figure shows a
single symmetrical peak in the 2-theta diagram which is characteristic of
110 alpha-W. In regard to the sputtered W reference is made to the
X-ray data shown in Fig. 6(b). Specifically, Fig. 6(b) shows that the
sputtered W contains both alpha-W and beta-W which is evident in that
the peak is an asymmetric peak which contains two symmetric peaks
inside thereof. This data clearly shows that sputtered W forms both the
alpha-and beta-phases of W. As stated above, the presence of both
phases is not desirable in obtaining a barrier layer which m'ee.ts' all seven

of the criteria mentioned in the Background Section of the present

application.

While this invention has been particularly shown and described with
respect to preferred embodiments thereof, it will be understood by those
skilled in the art that the foregoing and other changes in form and detail

"may be made without departing from the spirit and scope of the present



[ 1 DEMONSTRATI ON OF ADHESI ON Nuner ous sanples of Won a Si(Jerr] |ayer
Wwhich was previously formed on a Si substrate were formed by the CVvD .
met hod descri bed above in a variety of thicknesses (3-100 nm and

structures consisting of both blanket filnms and | ong W\\‘u
Adhesi on was tested using a scotch tape techni que kno%!mm“m‘\ d
in the art and these test results reveal ed that the adhesi on was*

i nvariably excellent (by the tape testg and remained so after tenperature
excursions as high as 750[err]c

36 In a conparative study, Wwas deposited on a SiQ2 | ayer which was
previously formed on a Si substrate by sputtering. Under the sanme high

t enperature excursion as the CVD deposited al pha-W the wiring

CLAIMS

1. A structure comprising at least one layer of a material having a
layer of alpha-W on a portion thereof, and a gonductive material

formed over said alpha-W layer.

2. The structure of Claim 1 further comprising a metal seed layer

between said alpha-W layer and said conductive material.

3. The structure of Claim 1 wherein said material is a dielectric

material or a semiconducting material.

4, The structure of Claim 3 wherein said material is a dielectric
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structures containing sputtered Wdel am nat ed. [ 1l DEMONSTRATI ON
'OF CONFORMAL COVERAGE In current practice, it is only necessary to coat
trenches which are typically about 0.3 microns wide with-a 3:1 aspect

ratio. To provide a rigorous test for conformal cover
structures were fabricated Wich had a base w dth of Eﬁmlgm ﬂHﬂHl“l
m crons and an aspect ratio of about 5:1. Fromthe SEM data Iit ®@ansbe*seen

that conformality of growth of al pha-W40
37

material selected from the group consisting of a polyimide,
paralyne polymer, silicon polymer, diamond, diamond-like carbon,

fluorinated diamond-like carbon, 'SiO2 and Si;N,.

5. The structure of Claim 4 wherein said dielectric material is SiO,.

6. The structure of Claim 1 wherein said alpha-W layer is a single
phase layer.

7. The structure of Claim 1 wherein. said alpha-W léy_er is formed by

chemical vapor deposition using W('C_O)6 as the source material.

8. The structure of Claim 1 wherein said alpha-W layer has a

thickness of less than 15 nm.

9. The structure of Claim 8 wherein said alpha-W layer has a

minimum thickness of no less than 7.0 nm.
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by CVD was so good that these structures could have been conpletely filled
w-th al pha-W This represents a nuch nore difficult proposition than

merely providing a coating to the walls. Thus, the confornal growh
characteristics of the nmethod far exceeds the confornal ﬁlummm"mullll
current practice. | V. DEMONSTRATI ON THE STRUCTURAL

BETVWEEN ALPHA- W FORVED | N ACCORDANCE W THE PRESENT | NVENTFONAND ° 7
SPUTTERED W X-ray crystall ography was used to characteri zed
a first sanple contai ni ng 50 nmsputtered Won a |ayer of Siferr] which
was previously fornmed on a Si substrate and a second sanpl e containi ng

al pha-Wwhich is forned on a layer of Si(err] which was previously forned

on a Si substrate using the | ow tenperature/pressure CVD process of the
present invention. Reference is first made to Fig. 6(a) which shows the

10. The structure of Claim 4 wherein said dielectric material is doped

or undoped.
11. The structure of Claim 10 wherein said dopant is _selécted from

the group consisting of fluorine, bbron, silicon, Ge and

phosphorous.

12. The structure of Claim 1 whérein said conductive material ié

selected from the group consisting of Cu, Al and alloys of Cu or _

Al
13. The structure of Claim 12 wherein said conductive material is Cu.
14. The structure of Claim 2 wherein said optional metal seed layer

comprises substantially Cu or Al.
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38 + X-ray data for the CVD deposited W Specifically, this figure shows
‘a, single symmetrical peak in the 2-theta diagram which is characteristic
of 110 alpha-W In regard to the sputtered W reference is made to the
X-ray data shown in Fig. 6(b). Specifically, Fig

th

sputtered W cont ai ns bot h al pha-W and bet a- thl ch |smﬂiﬁw "I' H l t he
peak is an asymetric peak which contai nd2t wo synmet r
thereof. This data clearly shows that sputtered Wforns both t he aI pha- and
bet a- phases of W As stated above, the presence of both phases is not
desirable in obtaining a barrier |layer which neets all seven of the
criteria nentioned in the Background Section of the present application.
VWhile this invention has been particularly shown and described with
respect to preferred enbodi nents thereof, it will be understood by those
skilled in the art that the foregoing and other changes in form and detail
may be made without departing fromthe spirit and scope of the present

15. The structure of Claim 3 wherein said semiconducting material is

polysilicon.

16. The structure of Claim 1 wherein-said alpha-W layer further

includes hydrogen.

17. An interconnect structure comprising at least one layer of a
dielectric matenal having at least one trench or via region therein,
wherein said trench or via region includee sidewalls and a bottom
wall; a conformal barrier layer of alpha-W covering the sidewalls
and the bottom of said trench or via regions; and a conductive

material formed over said alpha-W barrier layer.

18. The interconnect structure of Claim 17 further comprising a metal

seed layer between said alpha-W barrier layer and said
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-39+ W claim 1. A structure conprising at | east one |layer of a
dielectric or semiconducting material having a |ayer of-alpha-Won a..
portion thereof, and a conductive material selected fro

consi sting of Cu, Al and alloys of Cu and Al forned ove?”ﬂ@gimimﬂlw“mq
| ayer, wherein said al pha-WIlayer has a thickness of |ess L "

separates said conductive material fro aid dielectric or sem conducti ng
material and substantially prevents sai d conductive material fromdiffusing

into said at | east one |layer of dielectric or sem conducting material. 2.
The structure of Claiml1 further conprising a netal seed | ayer between said
al pha-W | ayer and said conductive material . 3. The structure of Claim

1 wherein said material is a dielectric material selected fromthe group
tonsi sting of a polyimde, paralyne polyner, silicon polyner, dianond,
di anond- | i ke car b@ondbctive matered. di anond-1i ke carbon, Sigerr] and [err]

4, The structure of Claim3 wherein said dlelectrlc material is
Siqerr]. 5. The structure of Caiml wherein said al pha-Wlayer is a
si ngl e phase | ayer. . The structure of Claim1l wherein said al pha-W

lrr:%/g;i :als f or_@_a d byl'hcehl%gérggrlmevc ?rucgurg ?'Ctléann S'hrégei\é\(sca:% gie?esctrtxcp € source

material is pén of an interconnect structure selected from the
group consisting of capacitors, damascene structures and multi_ple

via and wiring levels.

20. The interconnect structure of Claim 17 wherein said alpha-W

barrier layer is a single phase material.

21. The interconnect structure of Claim 17 wherein said alpha-W
barrier layer is formed by chemical vapor deposition using W(CO),

as the source material.

22. The interconnect structure of Claim 17 wherein said alpha-W

barrier layer has a thickness of less than 15 nm.
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7. + The structure of Caim1l wherein said al pha-WIlayer has a m ni num

thi ckness of no less than 7.0nm 8. The structure of Claim3 wherein
said dielectric material is doped or undoped. " The structure of
Claim8 wherein said dielectric material is doped W th

fromthe group consisting of fluorine, boron, silicon, IMHM;IIHEIIMJ ﬂﬂ )
-40 - 10. The structure of Caiml rein said condutt I%etmatlerfal*is
Cu. 11. The structure of Claim 2 wherein said optional netal seed

| ayer conprises substantially Cu or Al. 12. The structure of Caiml
wherein said sem conducting material is polysilicon. 13. The structure
of Caim1 wherein said al pha-WIl ayer further includes hydrogen. 14. An

i nt erconnect structure conprising at |east one layer of a dielectric
material having at |east one trench or via region therein, wherein said

trench or via region includes sidewalls and a bottomwall; a confornal
barrier |ayer of al pha-Wcovering the
23. The interconnect structure of Claim 22 wherein said alpha-W

barrier layer has a minimum thickness of no less than about 7 nm.

24.  The interconnect structure of Claim 17 wherein said dielectric

material is an inorganic or organic dielectric material.

25. The interconnect structure of Claim 24 wherein said dielectric
material is selected from the group consisting of a polyimide,
paralyne polymer, silicon polymer, diamond, diamond-like carbon,

fluorinated diamond-like carbon, SiO,and Si;N,.

26. The interconnect structure of Claim 25 wherein said dielectric

material is SiO,.
27. The interconnect structure of Claim 17 wherein said dielectric
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sidewal | s and the bottom of said trench or via regions; and a conductive
.material selected fromthe group consisting of Cu, Al and all oys of Cu and
Al forned over said al pha-Wbarrier |ayer, wherein said -

t hi ckness of |ess than 15nm whi ch substantially prevent s‘mﬁﬂa\m‘mm‘r“{m
material fromdiffusing into said dielectric material. C Ling s o+

i nterconnect structure of Caim114 furt Qgr conprising a netal seed |ayer
bet ween said al pha-Wbarrier |ayer and said conductive materi al . 16.

The interconnect structure of Claim 14 wherein said dielectric material is
part of an interconnect structure selected fromthe group consisting of

capacitors, damascene structures and nmultiple via and wiring | evels. 17.
The interconnect structure of Claim 14 wherein said al pha-Whbarrier |ayer
rs a single phase material. 18. The interconnect structure of Claim 14

wher ei n sai d al phamatetisiris deped @y endoped.or ned by cheni cal vapor deposition
using WCO [err] as the source material. -

-41 - 19.  The interconnect structure of C aim 14 wherein said al pha-W
barrier layer has a m nimumthickness of no | ess than about 7 nm 20.

The interconpect structure of im14 reinsaid.dielectric.material is
an i nor gani ngr or ﬁi'Eteﬁ%r@fﬁﬁecm 8%%"7‘ 27 Wherein said dopant is
selected from the group consisting of fluorine, boron, silicon, Ge

and phosphorous.

29. The interc_:onnect structure of Claim 17 wherein said conductive
material is selected from the group consisting of Cu, Al and alloys

of Cu or Al.

30. The interconnect structure of Claim 29 wherein said conductive

material is Cu.

31. The interconnect structure of Claim 18 wherein said optional

metal seed layer is substantially Cu or Al.
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21. The interconnect structure of aim 20 wherein said dielectric
material is selected fromthe group consisting of a polyimde, paralyne

pol ymer, silicon polynmer, dianond, dianond-Ilike ca;ﬁ
di anond-1i ke carbon, SiJerr] and [err] 22. mm?mumﬂ ﬂﬂ,QﬂLuct ure
of Claim21 wherein said dielectric material is Si®rr9.

i nterconnect structure of Claim14 whergjn said dielectric naterlal IS
doped or undoped. 24. The interconnett structure of Claim 23 wherein
said dopant is selected fromthe group consisting of fluorine, boron,
silicon, Ge and phosphorous. 25. The interconnect structure of Claim 14
wherein said conductive material is Cu. 26. The interconnect structure
of Claim 15 wherein said optional netal seed Iayer is substantially Cu or

Al . 27. The interconnect structure of Ca 4 wherein said al pha-W
barrier |aye$2furtHee intarconaest stiurtepeof. Claln287 whexeﬁh$aldealphaxy\ér for use in
i nterconnect structures, said barrier |layer conprising a single phase

al pha- W |1 ayer, V\hemamgrmedfm{manwb@yﬁydrb &na t hi ckness of |ess than 15
nm whi ch substantially prevents the out-diffusion of a conductive materi al

selected fromthe group consisting of Cu, Al and alloys of Cu and Al into a
near by dielectric or sem conducting nat e_ri al layer.

33. A barrier layer for use in interconnect structures wherein said
barrier layer comprises alpha-W, wherein said alpha-W has only a

single phase.

34. The barrier Iayer of Claim 33 wherein said alpha-W has a

thickness of less than 15 nm.

35. The barrier layer of Claim 34 wherein said alpha-W has a

minimum thickness of no less than about 7 nm.

36. The barrier layer of Claim 33 wherein said alpha-W is formed by

chemical vapor deposition using W(CO), as the source material.
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- 42 - 29. The barrier layer of Caim28 wherein said al pha-Whas a

m hi mum t hi ckness of no | ess than about 7 nm 30. The barrier |ayer of
Claim 28 wherein said al pha-Wis forned by cheni cal vapor deposition USi ng
WCO |[err] as the source material. 31. The barrier Ia er

wherein said al pha-Whbarrier |layer further includes t‘rm ‘l\\@

nmethod of form ng an al pha-Whbarrier Iq,»er inside at st egl on of
an interconnect structure conprising: deposi ting a Iayer of al pha-W
inside said trench region of said interconnect structure, wherein said
depositing conprises chem cal vapor deposition (CVD) using WCO 6 as a
source material . 33. The nmethod of Claim 32 wherein said al pha-Wis a
si ngl e phase material . 34. The net hod of C aim 33 wherein said al pha-W
has a thickness after deposition of |less than 15 nm 35. The net hod of
C ai m 34 wheddin sdihe bargealayenabClaimi 33 whereimBaidralgla-XV berrierdpy®i ti on of
no | ess than about 7 nm 36. The nethod of C aim 32 wherein said

depositing step isf@gdidriin€ludes hyliragehenperature of from about 250[err] to
about 500[err]C
38. A method of forming an alpha-W barrier layer inside a trench or

via region of an interconnect structure comprising:

depositing a layer of alpha-W inside said trench region of said’
interconnect structure, wherein said depositing comprises
chemical vapor deposition (CVD) using W(CO), as a source

material.

39. The method of Claim 38 wherein said alpha-W is a single phase

material.

40. The method of Claim 39 wherein said alpha-W has a thickness

after deposition of less than 15 nm.
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37. . The nethod of C aim 36 wherein said depositing step is carried out at
a‘tenperature of from about 275[err] to about 600[err]C.

-43 - 38. The nethod of Cl aim 32 wherein said depositing step is carried
out at a pressure of about 1 x IO[err] to about 3 x 10[err] Torr.

The nmethod of O aim 38 wherein said depositing step

pressure of about 1 x 10[err] to about ggx 10[err] 'Iﬂﬂ'"ﬂ I"‘“I:’HMIEHM et hod
of O aim 32 wherein said depositing step is carried ot Fort a"tifre period
of from about 3 m nutes to about 4 hours. 41. The met hod of C aim 32
wherein said source material further includes hydrogen. 42. The net hod
of Caim32 wherein prior to carried out step depositing step the base
pressure is evacuated to about 1x10[err] Torr or |ower pressures. 43.

The nethod of C aim 32 wherein said depositing step provides an average
t hi ckness variation of no nore than 5%

41, The method of Claim 40 wherein said alpha-W has a minimum

thickness after deposition of no less than about 7 nm.

42. The method of Claim 38 wherein said depositing étep is carried

out at a temperature of from about 250° to about 500°C.

43, The method of Claim 42 wherein said depositing step is carried

out at a temperature of from about 275° to about 600°C.

44, The method of Claim 38 wherein said depositing step is carried

out at a pressure of about 1 x 10® to about 3 x 107 Torr.

45. The method of Claim 44 wherein said depositing step is carried

out at a pressure of about 1 x 10%to about 2 x 103 Torr.
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46.

47.

48.

49.

49

* C L M S *

The method of Claim 38 wherein said depositing step is carried

out for a time period of from about 3 minutes to about 4 hours.

The method of Claim 38 wherein said source material further

includes hydrogen.

The method of Claim 38 wherein prior to carried out step

depositing step the base pressure is evacuated to about 1x10%

Torr or lower pressures.

The method of Claim 38 wherein said depositing step provides an

average thickness variation of no more than 5%.
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