COPPER STUD STRUCTURE W TH REFRACTORY METAL LI NER CEUNL T ﬁ
Background Of The I|nvention 1. Field of the Inventio |PThi s

i nvention relates to el ectronic conponents such as sem conductor devices,
mul til ayer cerami c structures and nultilayer thin filmstructures
havi ng el ectrical interconnection structures within the conponent and,
nore particularly, to 1.

COPPER STUD STRUCTURE WITH REFRACTORY METAL LINER
Background Of The Invention

1. Field of the Invention

This invention relates to electronic components such as
semiconductor devices, multilayer ceramic structures and
multilayer thin film structures having electrical interconnection
structures within the component and, more partiéularly, to
vertical interconnect structures which electrically connect
metallization on one layer of the structure to metallization on
another layer and which interconnect structures and electronic
compoﬁents have an increased electromigration lifetime.

2. Description of Related Art

Multi-layer electronic componehts offer an attractive
packaging solution for high performance systems such as in
computer, telecommunications, military and consumer applications.
These electronic components offer high density interconnections
and the ability to provide increased circuitry for a given
electronic component size.

In general, multilayer electronic components comprise
multiple layers of a dielectric material having metallization on
each layer in the form of wvias, pads, straps conﬁecting pads to
vias and wiring. Vias or other openings in the dielectric layer
extend from one layer to another layer and these openings are
filled with a conductive material and electrically connect the
metallization on one layer to the metallization on anéther layer
and provide for the high density electronic components devices
now used in industry.

An important aspect of multilayer electronic components is
the via or openings between layers in which a conductive material
is applied to provide electrical contact between the

metallization on different layers. Broadly stated, the typical



vertical interconnect structures which electrically connect
netallization on one |ayer of the structure to netallization on another

| ayer and which interconnect structures and el ectroni c conponents have an
i ncreased el ectromgration lifetine. 2. Description of Related Art
Multi-layer electronic conponents offer an attractive packagi ng
solution for high performance systenms such as in conputer

t el econmuni cations, mlitary and consumer applications. These el ectronic
conponents offer high density interconnections and the ability to provide
I ncreased circuitry for a given el ectronic conponent size. In
general, nultilayer electronic conponents conprise nultiple |ayers of
a dielectric material having nmetallization on each layer in the form of

vi as, pads, straps connecting pads to vias and wiring. Vias or other
openings in the dielectric | ayer extend fromone |layer to another |ayer
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typi cal “Damascene Procesd, the dielectric layer is patterned using
known techniques such as the use of a photoresist material which
is exposed to define the wiring pattern. After developing, the
photoresist acts as a mask through which a pattern of the
dielectric material is removed by a subtractive etch process such
as plasma etching or reactive ion etching. Using the Damascene
Process, openings defining wiring patterns are provided in the
dielectric layer, extending from one surface of the dielectric
layer to the other surface of the dielectric layer. These wiring
patterns are then filled with a metal using a £illing technique
such as electroplating, electroless plating, chemical wvapor
deposition, physical vapor deposition or a combination of
methods. This process may include planarization of the metal by
removing excess material with a method such as chemical
mechanical polishing. In the Single Damascene Process, vias or
openings are additionally provided in the dielectric layer and
filled with metallization +to provide electrical contact between
layers of wiring levels. In the Dual Damascene Process, the via
openings and the wiring pattern openings are both provided in the
dielectric layer before filling with metallization. This process
simplifies the procedure and eliminates some internal interfaces.
These procedures are continued for each layer in the electronic
component until the electronic component is completed.

In Fig. 4, a dual Damascene line of the prior art is shown.
Dielectric layers lla and 11lb having horizontal barrier layers 16
thereon are shown comprising metallization 12 on layer 1llb and
metallization 12a and stud 14 in layer 1lla. The stud 14 and



- 2- mul tilayer electronic conponent is built up froma nunber of

| ayers of a dielectric material |ayer such as silicon oxide, fuorinated
silicon oxide, polyners including polyimde and fluorinated polyimde,
ceram cs, carbon and other dielectric materials. In the processing sequence
known in the art as the "Damascene Process”, the dielectric layer is
patterned using known techniques such ag the use of a photoresist nmaterial
whi ch

metallization 12a are shown encased by a vertical wall of a
diffusion barrier liner 15 and a horizontal liner 15a including a
liner at the base of the stud which provides a diffusion barrier
between the base of stud 14 and the upper surface of
metallization 12. It is this type structure which has been shown
to contribute to an interconnected electronic component having a
low electromigration life. )

The dielectric material provides electrical insulation and
electrical isolation between the copper wiring elements. The
openings in the dielectric layer typically called wvias, when
filled with a conductive material, are typically referred to as
studs. The studs provide the wvertical interconnections between
the horizontal copper metallization on the wvarious layers of the
electronic component.

To avoid metal diffusion between the metal and the.
dielectric; barrier layers, alsc referred to as liners, are
included in the structure to contain the copper or other metal
and to provide improved adhesion of the copper lines and studs to
the dielectric or other metallization.

For vias, the barrier layer is typically a refractory metal
such as Ta or TaN and presents a barrier to the diffusion of
copper metal between the via and the dielectric but also presents
a barrier between the copper metal and the metallization of the
underlying or overlying conductor wiring levels. Typically, the
barrier layer is formed in the via on both sidewalls and at the
base thereof to form the barrier layer. When the copper is
plated and fills the via, the barrier layer separates the stud
from the dielectric and from the lower and upper layer
metallization with which the stud makes an electrical connection.
It has been found that when the copper wiring in the electronic
component is exposed to a high electrical circuit density for a

long period of time, that the barrier layer may result in a void



i s exposed to define the wiring pattern. After devel oping, the photoresi st
acts as a mask through which a pattern of the dielectric nmaterial is
renoved by a subtractive etch process such as plasma etching or reactive
ion etching. Using the Damascene Process, openings defining wiring patterns
are provided in the dielectric layer, extending fromone surface of the
dielectric layer to the other surface of the dielectric |ayer. These wiring
patterns are then filled with a metal Wsing a filling techni que such as

el ectropl ating, electroless plating, chem cal vapor deposition, physical
vapor deposition or a conbination of nethods. This process may

I ncl ude pl anarization of the netal by renoving excess material wth a
met hod such as chem cal nmechanical polishing. 1In the Single Danascene
Process, vias or openings are additionally provided in the dielectric |ayer-
and filled wwth netallization to provide electrical contact between |ayers
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Forming A Self-Aligned Copper Diffusion Barrier In Vias® and is
directed to a copper diffusion barrier formed.on the sidewalls of
vias..

Bearing in mind the problems and deficiencies of the prior
art, it is therefore an object of the present invention to
provide a multilayer electronic component including components
made using a single Damascene process or a dual Damascene process
comprising at least one layer having through openings or vias
which are filled with a conductive material +to form a stud which
stud electrically connects metallization on the layers and which
stud and electronic component have an increased electromigration
lifetime.

It is another object of the present invention to provide a
method for making a multilayer electronic component having stud
interconnections including components made using a . single
Damascene process or a dual Damascene process, wherein the stud
and electronic component have an increased electromigration
lifetime.

. 8till other objects and advantages of the invention will in
part be obvious and will in part be apparent from the
specification.

Summary of the Invention

The above and other objects, which will be apparent to one

skilled in the art, are achieved in the present invention which
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metal | i zati on 12a are shown encased by a vertical wall of a

diffusion barrier liner 15 and a horizontal liner 15a including a |liner at
t he base of the stud which provides a diffusion barrier between t he
14 and the upper surface of nmetallization 12. It is this
type structure which has been shown to contribute to an interconnected
el ectronic conponent having a | ow el ectgonigration life.

of

st ud

relates in one aspect to a multilayer electronic component
comprising at least one léyer of dielectric having metallization
on both surfaces of the layer and openings (vias) extending
through the layer and connecting the metallization on one surface
with the metallization on the other surface, the through openings
comprising a diffusion barrier material, preferably a refractory
metal such as - tantalum, tungsten, tantalum nitride, tungsten
nitride, silicon nitride, tungsten silicon nitride, titanium
nitride and titanium silicon nitride on the sidewalls of the
opening and a conductor within the sidewalls filling the opening
with the conductor and contacting the metallization.

In a further aspect of the present invention, the dielectric
material of the electronic component is a multilayer oxide,
ceramic or polyimide (polymer) rand the metallization on the
surfaces of the oxide layers, ceramic layers or other dielectric
layers are the same metal which is preferably copper. The
dielectric of the -electronic component may comprise a wide
variety of materials and 1is generally silicon oxide, a
fluorinated oxide, a polymer, a diamond-like carbon or a spun on
glass.

In an additional aspect of the .inventicn, an adhesion layer
is provided between the via metallization and the surface
metallization. The adhesion layer does not act as a diffusion
barrier to the via metallization, and the adhesion layer is very
thin and may be discontinuous. A preferred adhesion layer is
aluminum or chromium and it is highly preferred that the adhesion
layer dissolve in the via and/or surface metallization during
fabrication or use of the electronic component.

In a further aspect of the invention, a horizontal diffusion
barrier is provided between the surface of the dielectric and the
metallization on the surface of the dielectric as, for example,
an etch stop diffusion barrier to the dielectric when etching the

base



The dielectric material provides electrical insulation and electrical
| sol ati on between the copper wring elenents. The openings in the
dielectric layer typically called vias, when filled with a conductive
material, are typically referred to as studs. The studs provide the
vertical interconnections between the horizontal copper netallization on
the various |layers of the electronic cguponent. To avoid netal
di ffusion between the netal and the dielectric, barrier layers, also
referred to as liners, are included in the structure to contain the copper
or other metal and to provide inproved adhesi on of the copper |ines and
studs to the dielectric or other netallization. For -vias, the barrier
| ayer is typically a refractory nmetal such as Ta or TaN and presents a
barrier to the diffusion of copper netal between the via and the dielectri.c
but al so presents a barrier between the copper netal and the netallization-
of the qulearg )_(.Linng QL. P arlga)éicngecornodcuecst or wiring levels. Typically, the
barrier layer is formed 1n the vi-a on both sidewalls and at the base -
thereof to formthe barrier layer. Wen the copper is plated and fills
the via, the barrier | aypiefepasatigstibheosttitk Dramingde dielectric and
from the 10w, cBifhred!RBCne! MAIentEbA! b AANAN M 00 hIGN LHE Sl

ound t hat e

makes an el ectrical_connection. It has been n. t he copper
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voi d illustration purposes only and are not drawn to scale. The

invention itself, however, both as to crganization and method of
operation, may best be understood by reference to the detailed
description which follows taken in conjunction with the
accompanying drawings in which:

Fig. 1 is a partial cross-sectional perspective view of an
electrically interconnected multilayer electronic component of
the invention.

Figs. 2A-2E show a sequence of steps for forming a dual
Damascenelline and interconnection stud according to the method
of the invention.

Fig.-3 shows a partial cross-sectional perspective view of
an electronically interconnected multilayer electronic component
of the invention having a discontinuous adhesion layer between
the base of the interconnection stud and layer metallization.

Fig. 4 shows a cross-sectional view of a prior art
multilayer electronic component having a dual Damascene
interconnecting stud with a diffusion barrier layer between the
base of the stud and the upper surface of the metallization on
the adjacent lower layer of the component. .

Description of the Preferred Embodiment({s)

In describing the preferred embodiment of the present
invention, reference will be made herein to Figs. 1-3 of the
drawings in which 1like numerals refer to like features of the

invention. Features of the invention are not necessarily shown



-4- developing in the copper stud or netallization (depending on the
direction of the current flow and a failure by electrical open circuit
may result. The tinme needed for this failure to occur is known as the

el ectromgration lifetinme and is a function of the stud and netallization
materials and the barrier |ayer material . A rel ated application was
filed on May 19, 1997 by the assignee of the present invention and is
entitled "Method of Forming A Self-Al idned Copper Diffusion Barrier In
Vias" and is directed to a copper diffusion barrier formed on the sidewalls
of vias. It is an object of the present invention to overcone, or
substantially aneliorate, -

to scale in the drawings.

Referring to Fig. 1, part of a multilayer electronic
component 10 1is shown schematically in partial cross-section in
perspecfive and comprises layers collectively shown as 11 and
individually as 1lla, 1llb and llc. The layers 11 may be made of
any suitable dielectric material depending on the application for
the electronic component, and includes materials such as silicon
oxide, fluorinated oxide, a polymer such as polyimide, a diamond-
like carbon or a spun on glass. The layers are shown having
metallization thereon in the form of wires or lines 12 and 12a
and interconnecting wvia or stud 14. Stud 14 can be seen
electrically connecting wire 12a to wire 12. Metallization
layers 12, 12a and 14 are formed of conductors such as copper.

Layers 1lla-llc are shown separated by horizontal barrier
layers 16 and 28 which may or may not beé the same and which
prevent the diffusion of:the copper metallization from one layer
to the next layer. Layer 28 may be a material which also acts as
an etch-step when chemically etching the component. A wvertical
barrier diffusion layer (liner) 15 is shown forming the outer
walls of metallization 12 and 12a and stud 14. Liner 15 is
avoided between stud 14 and either metallization 12 or
metallization 12a to enhance the electromigration lifetime of all
the metal layers and consequently the useful 1life of the
component. The vertical liner 15 may be formed as described
below in Figs. 2A-2E.

The liner 15 may be any suitable material which provides a
diffusion barrier between the wire and/or stud metallization and
the dielectric. Preferred liner materials are the refractory
metals such as tantalum, tungsten, tantalum nitride, tungsten
nitride, silicon nitride, tantalum silicon nitride, tungsten
silicon nitride, titanium nitride and titanium silicon nitride,

preferably tantalum containing materials. The thickness of the



one or

nore di sadvantages of the prior art.

of the present invention there is provided an interconnect structure
el ectroni c conponent for connecting netallization on one l|ayer to a't

or via extending to said netallization the el ectronic conponent

Accordi ng to one aspect

in an
rench

havi ng an

enhanced el ectrom gration lifetinme conprising: a first |ayer of
conductor conprising of a first materi_gl; a dielectric over said

first

| ayer of conductor; a trench or via through said dielect

ric

extending to said first layer of conductor; a first liner along

sidewal I s of said trench or via for providing a diffusion

dielectric; and a second | ayer of conductor conprising of said
first material filling said trench or via electrically contactlng sai d

first

| ayer of conductor, said first |iner not being

liner is usually 2 nm to 100 nm.

With regard to Figs. 2A-2E, a sequence of steps is shown to
make the interconnection stud of the invention in a multilayer
electronic component 10 containing a dual Damascene line. In
Fig. 2A, a typical dual Damascene line well known in the art is
shown comprising insulator (dielectric) layers 1lla, 1lb and 1llc
shown having diffusion barrier layer 16 and 28 on the horizontal
surfaces thereof. Diffusion barrier layer 28 also acts as etch
stop when etching the opening in layer 1la for +the Damascene
line. A liner layer 15 is formed on all the exposed surfaces of
the dual damascene structure. A liner on horizontal surfaces has
been designated'as 15A. It is preferred that the 1liner material
15 be different from the horizontal diffusion barrier layers 16
and 28. It can be seen that the liner 15 also covers the upper
surface of metallization 12 at the base of the via opening 14.

In Fig. 2B, a directional etch as shown by the arrows is used to

‘etch the horizontal liner 15a from the lower horizontal surface

of via opening 14 and the horizontal surfaces of dielectric 1lla
and 1lb stopping on etch stop layer 28. The directional etch is
preferably a reactive ion etch using a gas such as chlorine which
prodnces volatile etch products. The directional etch provides
sidewall spacers 15 as is well-know in the art. It is necessary
that the etchant stop on etch stop layer 28 so that this layer
remains to provide a diffusion barrief.

A copper seed layer 19 1is then applied using known
techniques such as flash plating, physical vapor deposition,
chemical vapor deposition or electroless plating as shown in Fig.
2C and covers the dielectric 1lla, barrier layer 28, via opening
14 sidewalls and the base of the via opening. A copper layer 24
is then electroplated as shown in Fig. 2D filling trench 22 and
via 14. Copper 24 may also be deposited by chemical wvapor

deposition or ©physical vapor deposition. Alternatively,

barrier to said



| ocated between said first and second | ayers of conductor wherein said
first layer of conductor and second | ayer of conductor conprise copper.

4a Accordi ng to another aspect of the present invention there is
provided a nmultilayer electronic conponent having an enhanced

el ectrom gration lifetinme conprising: a plurality of dielectric
| ayers having netallization thereon; openings in the formof a
trench or via extending through at | eas®- one | ayer and connecting

metal lization at the |ower surface of the trench or via; a first

| inher along sidewalls of said trench or via for providing a diffusion
barrier to the dielectric; and -

electroless plating can be used to form the metallization. 1In
these cases a separate copper seed layer is generally not needed.

The copper layer 24 is then planarized to the surface of
layer lla forming the finished stud 14 and metallization 12a.
For «clarity metallization 12a and copper seed layer 19 are shown
joined with the deposited copper 24 as metallization 12a and stud
14. There is no non-copper layer between metallizafion 12 and
stud 14 or between metallization 12a and stud 14. Accordingly,
connection of stud 14 with the two metallization layers avoids
diffusion barriers therebetween, providing enhanced
electromigration life.

An adhesion layer may be employed just prior to deposition
of the copper seed layer 19 or just prior to the CU layer 24 if a
copper seed layer is not used. In the plated component, copper
will fill opening 14 together with the copper seed layer 19 if
one is used (not shown in Fig, 3)and be separaéed from
metallization 12 only by a discontinuous adhesion layer 18 (as
shown in Fig. 3). The adhesion layer is not a barrier layer, and
is typically a metal such as aluminum or chromium. The adhesion
layer 18 has a thickness of about 0.5 +to 20nm, more preferably
about 5nm. It is highly preferred that the adhesion layer, if
used, dissolve in the stud metal and/or metallization upon
heating during fabrication of the component or during use of the
component. Accordingly, 1in the final electronic component
structure even if an adhesion layer 18 is used, the stud material
14 will be essentially directly connected (bonded) to
metallization line 12 '

While the present invention has been particularly described,
in conjunction with a specific preferred embodiment, it is
evident that many alternatives, modifications and variations will
be apparent to those skilled in the art in light of the foregoing
description. It is therefore contemplated that the appended



a conductor filling said trench or via electrically contacting said
nmetallization, said first liner not being |ocated between said first and
second | ayers of conductor wherein the netallization and conductor are

copper. According to still another aspect of the present invention
there is provided a nethod for nmaking a nultilayer electronic conponent
havi ng an enhanced el ectrom gration |ifieti nme conpri sing: form ng

the nultilayer electronic conponent |ayer by layer with dielectric |ayers
havi ng netal | i zation fornmed thereon as the el ectronic conponent is nade and .
provi di ng openings extending through at |east one | ayer to connect
netallization on the | ayer surfaces; formng a diffusion barrier
liner in the opening; etching the liner fromthe base of the
opening using a directional etch with the liner remaining on the sidewalls
of the opeping; ang filling the opening with a conductor to provide
a conduct%?hﬁéﬁfﬂYl ont §BPEA¢h@ny such alternatives, modifications and :
variations as falling within the true scope and
present invention.

spirit of the



metal | i zati on wherein the netallization and conductor are copper.

Summary of the Invention The above and ot her objects, which wll

be

apparent to one skilled in the art, are achieved in the present invention

whi ch
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Claims
1. An interconnect struéture in an electronic component for
connecting metallization on one layer to a trench or via
extending to said metallization the electronic component having
an enchanced electromigration lifetime comprising:
a first layer of conductor comprising of a first material;

a dielectric over said first layer of conductor;

a trench or via through said dielectric extending to said

first layer of conductor;

a first liner along sidewalls of said trench oxr via for

providing a diffusion barrier to said dielectric; and

a second layer of conductor comprising of said first material
filling said trench or via electrically contacting said
first layer of conductor, said first liner not being located

between said first and second layers of conductor.

2. The interconnect of c¢laim 1, wherein said first layer of

conductor and second layer of conductor comprise copper.

3. The interconnect of claim 1, wherein said dielectric
comprises one of a silicon oxide, a fluorinated oxide, a polymer,

a diamond-like carbon, and a spun on glass.

4. The interconnect of c¢laim 1, wherein an adhesion layer is

between said first layer and said second layer of conductor.

5. The interconnect of claim 4, wherein said adhesion layer is

not a diffusion barrier to copper.

6. The interconnect of claim 5, wherein said adhesion layer is

discontinuous.




relates in one aspect to a nmultilayer el ectronic conponent conprising at
| east one | ayer of dielectric having netallization on both surfaces of the
| ayer and openings (vias) extending through the | ayer and connecting the
metal | i zati on on one surface with the nmetallization on the other surface,
the through openings conprising a diffusion barriery naterlal preferably a

refractory netal such as tantal um tungsten, tantal enqs ~tungsten

nitride, silicon nitride, tungsten silied® nitride, ggde and

titaniun1si|ic de on the sidewalls of the op tlct or
uc

within the sid mmﬁm’"{”rﬂ'ﬂ” "ft opening with the cond ont acting

the netal lizati her aspect of the present |nve lon, the
diel ectric material of the ‘el éctronic conponent is a nmultilayer OXIde,
ceram c or polyimde (polynmer) and the netallization on the surfaces of the
oxi de layers, ceramc layers or other dielectric layers are the sane
nmetal which 1is preferably copper. The dielectric of the electronic
conponent may conprise a wde variety of materials and is generally
silicon oxide, a fluorinated oxide, a polynmer, a dianond-like carbon or a

spun on gl ass. The inkt@rafnA&d tdfon@haﬁ@ecbhgi‘eilbesdlwg%ég on &k yRAJNEST ON
|ayer S prOVI a_netal l |Zat| he surface

net al | i zat ffoh- genﬁhaeemtflﬁgsf%rf‘? feParH’o%% tr?ofhgélt‘sméb °f §PPPERi on barrier to

the via netallization, and the adhesion |layer is very
8. The interconnect of <claim 7, wherein said adhesion layer is

one of aluminum and chromium.

S. The interconnect of claim 1, wherein a horizontal layer is
along an exposed horizontal surface in the trench, the horizontal
layer formed of a second dielectric, the horizontal layer
providing a diffusion barrier between said second conductor and
said first dielectric, said horizontal layer formed of a material
different than the first liner.

10. The interconnect of claim 9, wherein said horizontal layer
is an etch stop to the first dielectric.

11. A multilayer electronic component having an enhanced
electromigration lifetime comprising:
a plurality of dielectric layers having metallization thereon;
openings in the form of a trench or via extending through at
least one layer and connecting metallization at the lower
surface of the trench or via;
a first 1liner along sidewalls of said trench or via for
providing a diffusion barrier to the dielectric; and
a conductor filling said trench or via electrically contacting
said metallization, said first liner not being located
between said first and second layers of conductor.

12. - The multilayer electronic component of claim 11 wherein the

metallization and conductor are copper.

13. The multilayer electronic component of claim 12 which has a

dual Damascene structure.
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thin and may be discontinuous. A preferred adhesion layer is alum num
or chromumand it is highly preferred that the adhesion |ayer dissolve in
the via and/or surface netallization during fabricatigpgf,

45 of the
el ectroni ¢ conponent. In a further aspect of the i ‘hAcen Beplaced
hori zontal diffusion barrier is provided between the SJWEE [IH :
dielectric and 'H;e metal | i zation on the sugface of the f or
exanpl e, an etc f’"f ﬂi”/m’on barrier to the dielectric when etching the
-6-
AR it i

14. The multilayer electronic component of claim 11 wherein the
dielectric is silicon oxide, a fluorinated oxide, a polymer, a
diamond-like carbon or a spun on glass.

15. A multilayer electronic component of claim 11 wherein there

is an adhesion layer between the metallization and the conductor.

16. The multilayer electronic component of claim 15 wherein the
adhesion layer is not a diffusion barrier to copper.

17. The multilayer electronic component of claim 16 wherein the
adhesion layer is discontinuous. '

18. The multilayer electronic component of claim 15 wherein the
adhesion layer is material that dissolves in the conductor or
metallization during fabrication of the electronic component or
during use of the electronic component.

19. The multilayer electronic component of claim 18 wherein the

adhesion layer is aluminum, chromium.

20. The multilayer electronic component of claim 11 wherein a
horizontal diffusion barrier layer is provided between the layers
for providing a diffusion barrier between metallization on the
surface thereof and the dielectric, said horizontal layer being
formed of a material different than the liner material.

21. The multilayer electronic component of claim 20 wherein the
horizontal layer is a etch stop te the dielectric.

22. A method for making a multilayer electronic component having

an enhanced electromigration lifetime comprising:
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vias in a dua

Damascene process. Brief Description of the

Dr awi ngs The features of the invention believed to be novel and the

el enents characteristic of the invention are set forth with particularity

only and are not drawn to scale. The invention i
to organiﬁation and net hod of operatl4 may best

in the appended clains. The figures are for |Tﬂlst%t:qtlala5|&9mReEla¢ep

as

reference to
conj unction

partial cross-sectional perspective view of an-electrically i
mul til ayer el ectronic conponent of the invention. Fi gs.

both

wﬂlﬂﬂtﬂ ”ﬂ C,Hmcrlptlon Which follows taken
i foanyi ng draw ngs in which: Flg. 1 Is a

nt er connect ed
2A- 2E show a

sequence of steps for form ng a dual Damascene |ine and interconnection
stud according to the nethod of the invention. Fig. 3 shows a parti al
cross-sectional perspective view of an electronically interconnected

mul til ayer el ectronic conponent of the invention having a discontinuous
adhesi on | ayer between the base of the interconnection stud and | ayer

metal |ization. Fig. 4 shows a cross-sectional view

of a wprior

art multil ayeh rmﬂxSCt{h ni %ultf?gg)ec&ne%tlec@%ﬂﬂ;g comgonghl'@l 1 HBSEENEayer

with dielectric layers having metallization formed thereon

as the electronic component is made and providing openings

extending through at least one layer to.

metallization on the layer surfaces;

forming a diffusion barrier liner in the opening;

connect

etching the 1liner from the base of the opening using a

directional etch with the liner remaining on the sidewalls
of the opening; and
filling the opening with a conductor to provide a conductor

which contacts the metallization.

conductor are copper.

23. The method of claim 22 wherein the metallization and

24. The method of <claim 23 wherein the component has a dual

Damascene structure therein.

25. The method of <c¢laim 22 wherein the dielectric

comprises

silicon oxide, a fluorinated oxide, a polymer, a diamond-like

carbon or a spun on dlass.

26. The method of claim 22 wherein there is an adhesion layer

between the metallization and conductor.

27. The method of claim 26 wherein the adhesion layer is not a

diffusion barrier to copper.

28. The method of claim 16 wherein the adhesion

discontinuous.’

29. The method of claim 28 wherein the adhesion

THIS SHEET HAS BEEN
REPLACED
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i nterconnecting stud with a diffusion barrier |ayer between the base of the
stud and the upper surface of the netallization on the adjacent |ower |ayer
of the conponent. Description of the Preferred Enbodi nent(s)
In describing the preferred enbodi ment of the present invention, reference
wi |l be made herein to Figs. 1-3 of the drawings in which |ike nunerals
refer to like features of the invention;s_Features of the invention are

_ My i |

*

aluminum, chromium.

30. The method of <c¢laim 22 wherein there is a horizontal
dielectric layer along the surface of each dielectric layer
separating metallization on the surface thereocf from the
dielectric.

This Sheet Has Been Replaced
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to scale in the draw ngs. Referring to Fig. 1, part of a nultilayer
el ectroni c conponent 10 is shown schematically in partial cross-section in
perspective and conprises |layers collectively shown as 11 and individually
as lla, |I1b and I1c. The layers 11 nay be nade of any suitable dielectric
mat eri al depending on the application fagg-the el ectronic conponent, and
i ncludes materials such as silicon oxide, fluorinated oxide, a polyner such

as polyimde, a dianond- |ike carbon or a spun on glass. The |ayers
are shown havi ngOPPEN §TER §PRUCTRIIED WITH khﬁm@m@ METRE E{E\:érgggﬁ 12 and

12a and Wﬁa ecting via or stud 14. Stud can

electrica ecting wire 12a to wre 12. I\/Etalllzatlon | ayers
I12 I1|2a and 14 muﬁllﬁyﬁrﬁﬁtférdbhnmétﬂu%tﬁﬂﬁc &uﬁﬂibnaﬁt (qopm&ng mcreasddayer S
la-1lc ar, rrier

I
iy oy e ORY AT REREP proViaod°hé kifimodions S T Kot ok ool 1 (e
copper measd comprisoverficamideneallsliaying oreftactone vietal d;fﬁxsxonumyner 2grigps) be a

mat eri al %ﬁ%@hﬁ@w  STRS st@d é%)%éh a‘g@gba il@ at a@gt e?@of

conponent. A“vertica arrier fusi O orm ng

the out er 2ihfhesbase pt thersipd (143 copiacts the Iaﬁfalhzatm %Ih@e lwlqlﬂyer Llllnellb 15 is
avoi ded begyérahe céinpénent ¢10). Al adiRkioR eayer 0 B provRlel BBtweeh the Bise of the

stud (14) and the surface of the metallization and the adhesion layer may be continuous

or discontinuous. The adhesion layer is preferably a metal such as aluminum which
dissolves in the stud (14) or metallization upon heating of the component during
fabrication or otherwise during use of the component (10). A preferred component (10)
utilizes a dual Damascene structure.

Fig. 1
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métal | i'zati on 12a to enhance the electromgration lifetime of all the netal
| ayers and consequently the useful life of the conponent. The wvertical
liner 15 may be formed as described below in Figs. 2A-2E. The |i ner
15 may be any suitable material which provides a diffusion barrier
between the wire and/or stud netallization and the dielectric. Preferred
liner materials are the refractory Aéfals such as tantal um tungsten,
tantalumnitride, tungsten nitride, silicon nitride, tantalumsilicon
nitride, tungsten silicon nitride, titaniumnitride and titaniumsilicon
nitride, preferably tantalum containing materials. The thickness of the

z
A
28 B
\\ﬂ\\\)\ : 28
MNVYAAVMA AN \\
16
T 7
Z
Wt 16
Z

16 12

FIG. 1



diner. is usually 2 nmto 100 nm Wth regard to Figs. 2A-2E, a
sequence of steps is shown to nmake the interconnection stud of the
invention in a nultilayer electronic conponent 10 containing a dual
Danascene |ine. In Fig. 2A, a typical dual Damascene |ine well known in
the art is shown conprising insulator (d/él ectric) layers Ila, |1b and
| 1 ¢ shown having diffusion barrier |layer 16 and 28 on the horizontal
surfaces thereof. Diffusion barrier layer 28 also acts asigtch stop when
etching the opening in layer Ila for fpe Damascene line_, A liner |ayer 15
Is formed on all the exposed surfaces of\%he dual d%gggégne structure. A
A

| iner on horizontal surfaces has beﬁg desygnat ed as . It is preferred
that the liner mate fferé&nt fromthe horizo ffusion
barrier layers 16 a 2 t |dan be seen that th i 15} al so covers
t he upper surfeice ta\lizaffijon 12 at,the base o¥dth \ L0 qging 14. 1In
Fig. 2B, a directiofal\etcR as Hhown { e ' et ¢f the
horizontal |iner 153 frgmt I i zony al ing 14
and the horizoggal tesx o i Wric Ifl a o~ Ch<st ' etch stop
| ayer 28. The recfNonal\etcN is Wraferallyy apeact N\ve \gnfetch using a
gas such as chlorin ich z )

11b g 11b

;

16 \

11c 12

16
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11a \f Y vy j i1a
g 14 g
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1
“11b 11b
16
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11c
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pr-oduces volatile etch products. The directional etch provides sidewall

spacers 15 as is well-know in the art. It is necessary that the etchant
stop on etch stop layer 28 so that this layer remains to provide a
di ffusion barrier. A copper seed layer 19 is then applied

using known techniques such as flash plating, physical vapor

deposition, chem cal vapor deposition 336 el ectroless plating as shown in

Fig. 2C and covers the dielectric 1la, barrier |ayer 28, viajppening 14

sidewal | s and the base of the via opemi ng. A copper layer 24 1s then

el ectropl ated as shown in Fig. 2D fil Pﬂ% trench 22mand¢%h6414. Copper
I

24 may also be deposited by chem ca vapor deposit ¥on or physical

vapor deposition. atively,
o ~ 13 19.
11a . 15 14 2 N 11a
N
28 S LWL W W .5// V(/ A 28
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electrol ess plating can be used to formthe netallization. In these cases a
separate copper seed layer is generally not needed. The copper | ayer
24 is then planarized to the surface of layer 1lla formng the finished stud
14 and netal lization 12a. For clarity netallization 12a and copper seed

| ayer 19 are shown joined with the deposited copper 24 as netallization 12a

and stud 14. There is no non-copper er between netallization 12 and
stud 14 or between netallization 12a and stud 14. Accordingly, connection
of stud 14 with the two netallization |ayers avoids diffusion barriers

t her ebet ween, provi di ng enhanced el ectrom gration life. An

adhesi on | ayer may be enpl oyed just prior to deposition of the copper seed
| ayer 19 or just prior to the CUlayer 24 if a copper seed |ayer is not

used. In the plated conponent, copper will fill opening 14 together with
t he copper seed layer 19 if one is wused (not shown in Fiﬂ) 3) and
be separated fromnetallization 12 only by a discontinuous agdhesion | ayer

18 (as shown in Fig. 3). The adhesion:layer is not a barrieMayer, and is
typically a metal such as aluninun1or'qqroniun1 The adhes

12a 15
\)\\ AY 7

15 -
N
S 11a
11a N .
28 AW 28
11b 11b
16 _/\ﬁ////7///'////\1 ~ 16
!
11c 5 12
16 ALLLLIZL, Z///\///

15

FIG. 2 E



| ayér 18 has a thickness of about 0.5 to 20nm nore preferably about 5nm
It is highly preferred that the adhesion |ayer, if used, dissolve in the
stud netal and/or netallization upon heating during fabrication of the
conponent or during use of the conmponent. Accordingly, in the final
el ectronic conponent structure even if an adhesion |ayer 18 is used, the
stud material 14 wll be essentiallé//6 directly connected (bonded)
to metallization line 12 Wil e the '‘present invention has been
particularly described, in conjunction with a specific preferred
enbodinment,. it is evident that many alternatives, nodifications and
variations will be apparent to those skilled in the art in I%@ht of the

f oregoi ng descri ption. It is therefore contenplatedt;zgy the appended
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cldims will enbrace any such alternatives, nodifications and variations as
falling within the true scope and spirit of the present invention.

CLAIMS 1. An interconnect structure in an electronic conponent
for connecting netallization on one |layer to a trench or via extending to
said netallization the electronic cquonent havi ng an enhanced

el ectromgration lifetime conprising: 6/6

10

—
wn

y
11q :
11a
16
N\E
11b i 12

FIC. 4

Prior Art



a first layer of conductor conprising of a first mater

dielectric over said first |ayer of conductor; g trench or vi¢
through said dielectric extending to said first |ayer jof g:grmgg:t»mfc;
a first liner along sidewalls of said trench or via fqr prow di ng

di f fusi on

barrier to said dielectric; and a g4e

conduct or conprising of said first material filling sdi d&trene

el ectrically contacting said first Iay of ¢ |df|rst |ner
bei ng | ocat G&VERPIRE 8h IR FRPPET £UL npre %H?P ?‘g“*f’ é
said first

copper .

. BEPLACEWENT SHEET

| ayer of conductor and second |ayer of conductor conprise
current iflow) ané mdeitire by edfctridahppanicirouii enayinasudtai Theliime aeeded dor

conprises one of a silicon oxide, a fluorinated oxide, a polynmer, a

di anond- | i ketidafailare toasedueis kpown @p t dlédromigeation lifefife dndtie ndanneatofalie cl ai m
1, wherein an adhesion layer is between said first

stud and metallization materials and the barrier layer material.

A related application was filed on May 19, 1997 by the assignee of the present
invention and is entitled “Method of Forming A Self-Aligned Copper Diffusion
Barrier In Vias” and is directed to a copper diffusion barrier formed on the sidewalls
of vias.

1t is an object of the present invention to overcome, or substantially ameliorate,
one or more disadvantages of the prior art,

According to one aspect of the present invention there is provided an
interconnect structure in an electronic component for connecting metallization on one
layer to a trench or via extending to said metallization the electronic component
having an enhanced electromigration lifetime comprising:

a first layer of conductor comprising of a first material;

a dielectric over said first layer of conductor;

a trench or via through said dielectric extending to said first layer of
conductor;

a first liner along sidewalls of said trench or via for providing a diffusion
barrier to said dielectric; and

.a second layer of conductor comprising of said first material filling said trench
or via electrically contacting said first layer of conductor, said first liner not being
located between said first and second layers of conductor wherein said first layer of

conductor and second layer of conductor comprise copper.
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| ayer and said second | ayer of conductor. 4. The.interconnect of claim
3, wherein said he I on Iayer Is not a diffusion} PgFFLerito: cﬂoppe{ 5.

The interconnect s 3 lagedi N sai d adhesi o krayer—i-s- di- scontl nuous.
6. The interco 5, wherein said d1e%| B I a¥«3 |s one of
al um num and chro EC 1999 -12

- 7. The interconnect of claim 1, wherein a hollizon l.ayer isi | ong an
exposed horizontal surface in the trench, the hotizontal |ayer forjped of a
second dielectric, the - .

According to another aspect of the present invention there is provided a
multilayer electronic component having an enhanced electromigration lifetime
comprising:

a plurality of dielectric layers having metallization thereon;

openings in the form of a trench or via extending through at least one layer and
connecting metallization at the lower surface of the trench or via;

a first liner along sidewalls of said trench or via for providing a diffusion
barrier to the dielectric; and

a conductor filling said trench or via electrically contacting said metallization,
said first liner not being located between said first and second layers of conductor
wherein the metallization and conductor are copper. |

According to still another aspect of the present invention there is provided a
method for making a multilayer electronic component having an enhanced
electromigration lifetime comprising;

forming the mulnlayer clectronic component layer by layer with dielectric
layers having metallization formed thereon as the electronic component is made and
providing openings extending through at least one layer to connect metallization on
the layer surfaces;

forming a diffusion barrier liner in the opening;

etching the liner from the base of the opening using a directional etch with the
liner remaining on the sidewalls of the opening; and

filling the opening with a conductor to provide a conductor which contacts the

metallization wherein the metallization and conductor are copper.

mmm—._&_..‘.-“.*
¥ : . . -“"n-.‘f
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hori zontal l|ayer providing a diffusion barrier betweén, ,%al .0 second -
conductor and said first dielectric, said horizonta Lay*éf= figr med” of a

mat eri al di an the first liner. 8. The nLerconnect of” C|;al m
7 where| n f H lLayer Is an gtch stop to cfj rst; di-gl ectrl C.
ni ¢ conponent” having an gnhanced i

electromgratlon Ilfetlrre corrprlsm% a pl uralT ‘U‘f*-d-r—el-eétrlc
| ayers having netallization thereon; CLAIMS openi ngs_in the form of
trench or via extending through at | east one | ayer and conneciing

met al | i zati bn atAnhéntéroomnect wstfuatiee ot tahe electeorob companapt for conneetinfgi r st
liner along sidewalls of said trench or via for providing a diffusion

barrier to mbRIlizagbeoh! bt 1a¥8dto 2 trench & ¢lANekeidig fd kdill neletaRizetidar @ech or
via electrically contacting said netallization, said first |iner not bei ng

located bet yeanniA dnddnkiithade S&aRAes @%@ﬁ&nﬁ’?mfaﬁ M3 Gth O omprising:

a first layer of conductor comprising of a first material;

a diclectric over said first layer of conductor;

2 trench or via through said dielectric extending to said first layer of
conductor;

a first liner along sidewalls of said trench or via for providing a diffusion
barrier to said dielectric; and

a second layer of conductor comprising of said first material filling said trench
or via electrically contacting said first layer of conductor, said first liner not being
located between said first and second layers of conductor wherein said first layer of
conductor and second layer of conductor comprise copper.
2. The interconnect of claim 1, wherein said dielectric comprises one of a silicon
oxide, a fluorinated oxide, a polymer, a diamond-like carbon, and a spun on glass.
3. The interconnect of claim 1, wherein an adhesion layer is between said first
layer and said second layer of conductor.
4. The interconnect of claim 3, wherein said adhesion layer is not a diffusion
barrier to copper.
5. The interconnect of claim 4, wherein said adhesion layer is discontinuous.
6. The interconnect of claim 5, wherein said adhesion layer is one of aluminum

and chromium.
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chPLl‘ﬂFn‘iLH'frhe ﬁ-u| | | ayer
st r u

wherein the netallization and conductor are copp

electronic m 9 whi ch has a dual
The nul til %I“\gmm\ﬁm\ﬁ“ mponent of claim 9 cﬁ c r| C i s
silicon oxi fl u8ri hat ed oxi de, a pol ymer, a dlaﬁia WTke ca bon or a
spun on glass. 12. A multilayer el etZfronic c ponent—ef—et-arm 9 wherein
there is an adhesion |ayer between the netallizgtion and t he condyct or.

-13 - 13. 7. TheThulntedcopsdct of eRirh AN iwhefediRARER6N ong ahexpked t he
adheston | ayer is

horizontal surface in the trench, the horizontal layer formed of a second dielectric, the

horizontal layer providing a diffusion barrier between said second conductor and said

first dielectric, said horizontal layer formed of a material different than the first liner.

8. The interconnect of claim 7, wherein said horizontal layer is an etch stop to the
first dielectric.
9. A multilayer electronic component having an enhanced electromigration

lifetime comprising:

a plurality of dielectric layers having metallization thereon;

openings in the form of a trench or via extending through at least one layer and
connecting metallization at the lower surface of the trench or via,

a first liner along sidewalls of said trench or via for providing & diffusion
barrier to the dielectric; and

a conductor filling said trench or via electrically contacting said.mctallization,
said first liner not being located between said first and second layers of conductor
wherein the metallization and conductor are copper.
10.  The multilayer electronic component of claim 9 which has a dual Damascene
structure.
11.  The multilayer electronic component of claim © wherein the dielectric is
silicon oxide, a fluorinated oxide, a polymer, a diamond-like carbon or a spun on
glass.
12. A muitilayer electronic component of claim 9 wherein there is an adhesion

layer between the metallization and the conductor.
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not a diffusi on barrier to copper. 14. The nu} tRERRY SER gls'ectronl'c

conponent of Iﬂmummmmﬂ he adhesi on | ayer{i g—¢i-seonti nuouy. 15.
The nmul til ayer m,)nent of claim 12

2rein adhesijon | ayer
is material that dissofve in the conductor or Laﬁﬁ??éﬁfﬁnngring
fabrication of the electronic conponent3er durihgluse of the elledtronic
conponent. 16. The multil ayer el ectronic conppnent of cIa|n115 wher ei n

t he adhesi on3] ayghe nﬁﬂul@y@ eldctrahid Fbmy bhed df €160 i | ayer
el ectroni c conponent of claim9 wherein a horizontal diffusi on barrier

| ayer is pr@gﬁil za?ﬁﬁ%ﬁ] H;&p? gyers for providing a diffusion barrier

bet ween I on urface thereof and the dielectric, said

hor i t al of t t th th I
moterinl o 18 ThE e s cBpPie ot bh SHER e LSRRGS i n
the horizontal |ayer

d1scontmuous

15,  The multilayer electronic component of claim 12 wherein the adhesion layer is
material that dissolves in the conductor or metallization during fabrication of the
glectronic component or during use of the electronic component.

16.  The multilayer electronic component of claim 15 wherein the adhesion layer is
one of aluminum and chromium.

- 17, The multilayer electronic component of claim 9 wherein a horizontal diffusion
barrier layer is provided between the layers for providing a diffusion barrier between
metallization on the surface thereof and the dielectric, said horizontal layer being
formed of 2 material different than the liner matenial.

18.  The multilayer electronic component of claim 17 wherein the horizontal layer
is an etch stop to the dielectric,
19, A method for making a multilayer electronic component having an enhanced
electromigration lifetime comprising:

forming the multilayer electronic component layer by layer with dielectric
layers having metallization formed thereon as the electronic component is made and
providing openings extending through at least one layer to connect metallization on
the layer surfaces;

forming a diffusion barrier liner in the opening;

etching the liner from the base of the opening using a directional etch with the

liner remaining on the sidewalls of the opening; and
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is an etch stop to the dielectriec. A rrethpdﬂtfp{rppm@,gmngnaﬁ il ayer

el ectronic conponent havi ng an enhanced electro

S.

conpri si ng: “l“H lml mlﬂ ltilayer el ectjohic co one ayer by
| ayer with diele ng netallizatidnifd} ﬁ"eqrem as t he

el ectroni c conponent s ‘made and providi ng openi
| east one | ayer to connect netallization on the
formng a diffusion barrier liner in t‘hk“bpeni ng;
fromthe base of the opening using a directional

remai ni ng on t hefidingdhadpening with e copdnstondo pranite a

ngs extend| ng rpugh at
| ayer surfaces;
et-ehtrng~t he | i ner
etch with the |liner
conductor which contacts the

metallization wherein the metallization and conductor are copper.

20.  The method of claim 19 wherein the component has a dual Damascene

structure therein.

21.  The method of claim 19 wherein the dielectric comprises silicon oxide, 2

fluorinated oxide, a polymer, a diamond-like carbon or a
22.  The method of claim 19 wherein there is an

metallization and conductor.

spun on glass,

adhesion layer between the

23.  The method of claim 22 wherein the adhesion layer is not 2 diffusion barrier to

copper.

24.  The method of claim 22 wherein the adhesion layer is discontinuous.

25.  The method of claim 24 wherein the adhesion layer is one of aluminum and

chromium,

26.  The method of claim 19 wherein there is a horizontal dielectric layer along the

surface of each dielectric layer separating metallization on the surface thereof from the

dielectric.
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- 14 - filling the opening with a conductor to provide a conductor
whi ch contacts the netallization wherein the nmetallization and conduct or

are copper. 20. The nethod of claim 19 wherein the conmponent has a dual
Damascene structure therein. 21, The met hod of claim 19 wherein the
dielectric conprises silicon oxide, a 1 | uorinated oxide, a polyner, a

di anond- | i ke carbon or a spun on gl ass™" 22. The nmethod of claim 19
wherein there is an adhesion | ayer between the netallization and
conductor. 23. The met hod of claim 22 wherein the adhesion |ayer is not

a diffusion barCORPPERSTUDSTRUCTURE WITH RERRACTORY MIETAL EINBRerei n the
adhesi on h%g%kAéTdiscontinuous. .
A multilayer interconnected electronic component (10) having increased

electromigration lifetime is provided. The interconnections are in the form of studs (14)
and comprise vertical side walls having a refractory metal diffusion barrier liner (15)
along the sidewalls. The stud (14) does not have a barrier layer (16) at the base thereof
and the base of the stud (14) contacts the metallization on the dielectric layer (11a, 11b,
11c) of the component (10). An adhesion layer can be provided between the base of the
stud (14) and the surface of the metallization and the adhesion layer may be continuous
or discontinuous. The adhesion layer is preferably a metal such as aluminum which
dissolves in the stud (14) or metallization upon heating of the component during
fabrication or otherwise during use of the component (10). A preferred component (10)
utilizes a dual Damascene structure.
Fig. 1 e




| T =
25. The method of claim24 wherein the adhesion |ayer is one of al unm num
and chromum 26. The met hod of claim 19 wherein there is a horizotal
dielectric layer along the surface of 4gach dielectric |layer separating
nmetal lization on the surface thereof fromthe dielectric.
According to another aspect of the present invention there is provided a multilayer
electronic component having an enhanced electromigration lifetime comprising:
a plurality of dielectric layers having metallization thereon;
openings in the form of a trench or via extending through at least one layer and
connecting metallization at the lower surface of the trench or via;
a first liner along sidewalls of said trench or via for providing a diffusion barrier to
the dielectric; and
a conductor filling said trench or via electrically contacting said metallization, said

first liner not being located between said first and second layers of conductor wherein the

metallization and conductor are copper.

According to still another aspect of the present invention there is provided a method
for making a multilayer electronic component having an enhanced electromigration lifetime
comprising:

forming the multilayer electronic component layer by layer with dielectric layers
having metallization formed thereon as the electronic component is made and providing
openings extending through at least one layer to connect metallization on the layer surfaces;

forming a diffusion barrier liner in the opening;

etching the liner from the base of the opening using a directional etch with the liner
remaining on the sidewalls of the opening; and

filling the opening with a conductor to provide a conductor which contacts the

metallization wherein the metallization and conductor are copper.

Summary of the Invention

The above and other objects, which will be apparent to one skilled in the art, are

achieved in the present invention which ' REPLACEMENT SHEET

09 FEB J401

A

e e e < WA S e
7 -:.mu.u_.rm--‘.&u}[ .'j



