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METHOD FOR THE FORMATION OF
DIFFUSION BARRIER

becomes more serious With the shrinkage of the minimum
feature siZe of the semiconductor device.

Broadly stated, the typical multilayer IC electronic com
This is a divisional of application(s) Ser. No. 09/749,706

ponent is built up from a number of layers of a dielectric
material layer such as silicon dioxide, ?uorinated silicon

?led on Dec. 27, 2000, noW abandoned.

oxide, polymers including polyimide and ?uorinated
BACKGROUND OF THE INVENTION

polyimide, ceramics, carbon and other dielectric materials.
In the processing sequence knoWn in the art as the “Dama

1. Field of the Invention
This invention relates to the making of electronic com
ponents such as semiconductor Wafer VLSI and ULSI inte
grated circuit devices, and, more particularly, to a method
for forming a robust barrier layer in the device interconnects

scene Process”, the dielectric layer is patterned using knoWn
techniques such as the use of a photoresist material Which is

exposed to de?ne 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

With excellent step coverage, uniformity, loW resistance and
enhanced adhesion to CVD-copper and to the electronic

such as plasma etching or reactive ion etching. Using the
15

components made by the method.
2. Description of Related Art
The demand for manufacturing semiconductor integrated
circuit (IC) devices such as computer chips With high circuit

Damascene Process, openings de?ning Wiring patterns are

scale integration (ULSI) and very-large-scale integration

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 ?lled With a metal using
a ?lling technique such as electroplating, electroless plating,
chemical vapor deposition, physical vapor deposition or a
combination of methods. This process typically includes
planariZation of the interconnect metal by removing excess

(VLSI) structures. The trend to smaller chip siZes and
increased circuit density requires the miniaturiZation of
interconnect features Which severely penaliZes the overall
performance of the structure because of increasing intercon

metal With a method such as chemical mechanical polishing
or planariZation. In the Single Damascene Process, vias or
openings are provided in the same dielectric layer and ?lled
With metalliZation to provide electrical contact betWeen

speed, high packing density and loW poWer dissipation
requires the doWnWard scaling of feature siZes in ultra-large

25

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 ?lling With metalli
Zation. This process simpli?es the procedure and eliminates

nect resistance and reliability concerns such as fabrication of

the interconnects and electromigration.
In general, such structures use silicon Wafers With silicon

dioxide (SiO2) being the dielectric material and openings are
formed in the SiO2 dielectric layer in the shape of vias and

some internal interfaces. These procedures are continued for

each layer in the electronic component until the electronic

trenches Which are then metalliZed forming the intercon
nects. Increased miniaturiZation is reducing the openings to

submicron siZes (e.g., 0.2 micron and loWer) and increasing
the aspect ratio (ratio of the height of the opening to the

component is completed.
In FIG. 5, a dual Damascene line of the prior art is shoWn
35

connecting tWo conductor containing dielectric layers.

Width of the opening) of the features.
With the decrease of the design rule, copper gets more

Dielectric layers 31 and 38 contain metalliZation 32 in layer
31 and metalliZation 39 in layer 38. A stud 36 and trench 40

focus as a conducting material for the interconnect in ULSI

are shoWn encased by a Wall 34 of a diffusion barrier liner.
It is this type structure Which has been shoWn to contribute
to an interconnected electronic component having a loW

and VLSI devices since it has loWer resistivity and higher

electromigration resistance than aluminum. Copper easily
diffuses through silicon dioxide and silicon, hoWever, and a
robust barrier layer to prevent copper diffusion is required to
encapsulate the copper interconnect.
Step coverage of the diffusion barrier is also critical for

40

electromigration life.
The dielectric material provides electrical insulation and
electrical isolation betWeen the copper Wiring elements. The
45

the interconnect. Normally, physical vapor deposition
(PVD) does not produce enough material on the side Wall of

openings in the dielectric layer typically called vias, When
?lled With a conductive material, are typically referred to as
studs. The studs and a trench for a dual Damascene structure

the contact hole or the via, and, as the minimum feature siZe

provide the vertical interconnections betWeen the horiZontal

decreases, this phenomenon gets more critical. On the other

copper metalliZation on the various layers of the electronic

hand, chemical vapor deposition (CVD) offers much better

component.

step coverage on the side Wall of the contact hole and so is

To avoid metal diffusion betWeen the metal and the
dielectric, barrier layers, also referred to as liners, are

the preferable method for the formation of the diffusion
barriers. Furthermore, the diffusion barrier itself must be
thin and uniform otherWise, the line resistance may be
greater than the resistance of aluminum interconnects.

included in the structure to contain the copper or other metal

and to provide improved adhesion of the copper lines and
55

Bearing in mind the problems and de?ciencies of the prior

The prior art method for the formation of a diffusion
barrier is to deposit a material such as TiN, TiNSi, or Ta, or
TaN, or TaSiN by CVD or PVD. CVD copper on these

art, it is therefore an object of the present invention to

provide a multilayer electronic component including com
ponents made by using a single Damascene process or a dual
Damascene process comprising at least one layer having
through openings Which are ?lled With a conductive material
to form a trench and/or stud Which trench and/or stud
electrically connects metalliZation on other layers and Which

barrier materials has poor adhesion, hoWever, and the copper
peels out during a process such as chemical mechanical

planariZation (CMP) or in the folloWing integration process.
PVD Ta and/or PVD TaN, Which is the most common barrier
in the prior art, is normally folloWed by PVD copper as a
seed for the electro-plating of bulk copper to ?ll the feature.
HoWever, due to poor step coverage on the side Wall of the
contact or of the trench, it is not easy to ?ll the three

dimensional structure completely. This phenomenon

studs to the dielectric or other metalliZation.

65

trench and/or stud has excellent step coverage, uniformity,
loW resistance and adhesion to CVD-copper.
It is another object of the present invention to provide a
method for making a multilayer electronic component hav

US 6,887,781 B2
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ing trench and/or stud interconnections including compo

forming a thin Si deposit on the diffusion barrier layer,

preferably an amorphous Si deposit;

nents made using a single Damascene process or a dual

Damascene process Wherein the trench and/or stud have

eXposing the treated surface to a conductive metal con

eXcellent step coverage, uniformity, loW resistance and
adhesion to CVD-copper.

taining reactant to replace at least part of the Si With the

conductive metal; and
forming the metallic conductor in the opening.

A further object of the invention is to provide an inter
connect structure in an electronic component for connecting
metalliZation on one layer to metalliZation on another layer

With the interconnect having excellent step coverage,
uniformity, loW resistance and adhesion to CVD-copper.
Still other objects and advantages of the invention Will in
part be obvious and Will in part be apparent from the

10

containing reactant to replace at least some of the

speci?cation.

silicon With the conductive metal; and
forming the metallic conductor in the opening.

SUMMARY OF THE INVENTION

The above and other objects, Which Will be apparent to

BRIEF DESCRIPTION OF THE DRAWINGS

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

The features of the invention believed to be novel and the
elements characteristic of the invention are set forth With

Which relates in one aspect to an interconnect structure in a

multilayer electronic component for connecting metalliZa
tion layers, the interconnect structure having eXcellent step

particularity in the appended claims. The ?gures are for
illustration purposes only and are not draWn to scale, the
invention itself, hoWever, both as to organiZation and
method of operation, may best be understood by reference to
the detailed description Which folloWs taken in conjunction

coverage, uniformity, loW resistance and adhesion to CVD

copper comprising:
a dielectric layer having a through opening to a conductor

in another layer;
a diffusion barrier layer in the through opening in the

25

metal rich surface on a dielectric according to a method of

a metallic layer on the diffusion barrier layer; and
copper or other metal ?lling the opening to form the
interconnect structure.

In a further aspect of the invention a multilayer electronic
component is provided such as a VLSI and ULSI integrated

therein;

35

in another layer;
40

layer;
a metallic layer on the diffusion barrier layer; and
copper or other metal ?lling the opening to electrically
connect the metalliZation in the dielectric layers.
In a further aspect of the invention a method is provided

EMBODIMENT(S)
45

metalliZation formed in the openings to provide elec
trical connections betWeen the layers;
55

typically has openings therein in the form of vias and/or
lines Which are coated With a barrier layer 11. FIG. 1A shoWs

layer;

schematically the dielectric layer 10 and the diffusion barrier
layer 11 for convenience.

forming a metallic layer on the diffusion barrier layer by
reacting the barrier layer With a metal containing reac
tant; and
?lling the opening With copper or other metal to provide

The dielectric layer 10 may be made of any suitable
dielectric material depending on the application for the

a conductor Which contacts the metalliZation in the

other gases containing Si to form a Si rich surface, or

In describing the preferred embodiment of the present
invention, reference Will be made herein to FIGS. 1A—5 of
the draWings in Which like numerals refer to like features of
the invention. Features of the invention are not necessarily
shoWn to scale in the draWings.
Referring to FIG. 1A, part of a multilayer electronic
component is shoWn schematically and comprises a dielec
tric layer 10 having a diffusion barrier layer 11 thereon. As
Will be shoWn more fully hereinbeloW, the dielectric layer 10
is used to form a multilayer electronic component and

forming a multilayer electronic component layer by layer
With dielectric layers having openings therein With

dielectric layer to another layer.
In another aspect of the invention the method comprises
the steps of:
surface treating the diffusion barrier layer With SiH4 or

prior art.
DESCRIPTION OF THE PREFERRED

for making multilayer electronic components such as VLSI
and ULSI integrated circuit devices Wherein interconnects in
the devices have eXcellent step coverage, uniformity, loW
resistance and adhesion to CVD-copper comprising the steps
of:

forming a diffusion barrier in the opening on the dielectric

the invention.
FIGS. 2A—2B shoW a sequence of steps for forming a
metal rich surface on the surface of a dielectric according to
another method of the invention.
FIGS. 3A—3G shoW a sequence of steps for forming a dual
Damascene line and interconnection stud structure accord
ing to a method of the invention.
FIG. 4 shoWs an elevational vieW of an interconnect stud
structure of the invention.
FIG. 5 shoWs an elevational vieW of an interconnect dual
Damascene line and interconnection stud structure of the

openings in the form of a trench and/or via extending
through at least one layer and connecting metalliZation
a diffusion barrier layer in the opening on the dielectric

With the accompanying draWings in Which:
FIGS. 1A—1C shoW a sequence of steps for forming a

dielectric layer;

circuit device comprising:
a plurality of dielectric layers having metalliZation

In a further aspect of the invention the method comprises
the steps of:
forming the diffusion barrier With a material containing
silicon, such as titanium silicon nitride;
eXposing the diffusion barrier layer to a conductive metal

65

electronic component and includes materials such as silicon
dioXide, ?uorinated silicon oXide, a polymer such as
polyimide, a diamond-like carbon or a spin on glass. The
barrier layer 11 may likeWise be any suitable material that
provides a diffusion barrier betWeen the conductor formed in
the dielectric and the dielectric. Preferred diffusion barrier
materials are refractory materials such as tantalum, tungsten,

US 6,887,781 B2
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tantalum nitride, tungsten nitride, silicon nitride, titanium,

Referring noW to FIGS. 3A—3G, a sequence of steps is
shoWn to form a line and stud interconnection using a dual
Damascene process. In FIG. 3A a loWer dielectric layer 18
is shoWn having a metal conductor 19 therein. An upper
dielectric layer 20 is on the loWer dielectric layer 18 and has
an opening or via 21 through to the metal conductor 19 and
an opening or trench 24. The via has side Walls 22 and a base
23 and the trench 24 has trench side Walls 25. This is a
typical dual Damascene structure formed in a multilayer
electronic component such as a VLSI and ULSI integrated
circuit device.
Referring to FIG. 3B, the structure of 3A is coated With a
diffusion barrier layer 26 Which covers the upper dielectric

titanium nitride, hafnium, hafnium nitride and the like. As
Will be more fully discussed hereinbeloW the diffusion
barrier may be a silicon containing refractory material Which
is used in another aspect of the invention to provide a robust

barrier layer.
Referring to FIG. 1B, diffusion barrier 11 is surface
treated With a metal replacing reactant, preferably a silicon
reactant, to form a silicon rich surface 12. Silicon may be
also formed as a layer on the diffusion barrier 11. The

10

surface treatment may be made by reacting the diffusion
barrier 11 With a reactant such as SiH4 or other gases

containing a silicon element or an amorphous silicon deposit
may be formed on the surface of diffusion barrier 11 by
knoWn methods such as plasma enhanced chemical vapor

15

layer 20 including the via side Walls 22 and base 23 and
trench side Walls 25.

deposition and/or loW pressure chemical vapor deposition.

In FIG. 3C a reactant such as SiH4 is used to form a

Referring to FIG. 1C, the structure of FIG. 1B is reacted
With a metal containing reactant such as WF6 to replace the
silicon layer 12 With the metal to form a metal (tungsten)
rich surface 13 on the surface of diffusion barrier 11. Such

silicon rich surface 27 on the surface of diffusion barrier 26.
In FIG. 3D a reactant such as WF6 is shoWn to react With the
silicon rich surface 27 to form a tungsten rich surface 28.
The tungsten rich surface 28 of the structure is noW ready
as shoWn in FIG. 3E for deposition of a copper or other

a reaction may be shoWn as:

metal seed layer 29 Which may be applied using knoWn
techniques such as PVD, CVD, electroless deposition and
electrolytic deposition. The purpose of the copper seed layer

As can be seen in FIG. 1C, the ?nished coated dielectric 25 is to promote deposition of copper to ?ll the via and trench.
FIG. 3F shoWs electroplated copper 30 over the structure

10 contains a layer of diffusion barrier layer 11 having a
metal (such as tungsten) rich surface. Such a structure Will

covering the copper seed layer 29 and ?lling the trench 24
and via 21. The copper seed 29 is shoWn using a dotted lines
to indicate that the electroplated copper 30 and copper seed
layer 29 form a single metal structure.
The structure of FIG. 3F is noW typically planariZed using

be used as shoWn hereinbeloW to deposit a copper or other

metal coating on the tungsten rich surface to provide the stud

and/or line forming the interconnect.
Another aspect in the invention is shoWn in FIGS. 2A—2B
wherein, as in FIGS. 1A—1C, a sequence of steps is shown

chemical-mechanical polishing and the ?nal interconnect

to form a metal rich surface on a dielectric having a diffusion

barrier. Accordingly, in FIG. 2A, a dielectric 14 has a

diffusion barrier 15 Which is a refractory material containing

35

silicon or other replaceable metal. A material such as tita

nium silicon nitride (TiSZ-N), tantalum silicon nitride
(TaSl-N), tungsten silicon nitride (WSl-N), and the like is
deposited on the surface of the dielectric 14. The silicon
atoms in the diffusion barrier layer 15 are shoWn as numeral
16.
The structure of FIG. 2A is reacted as above for FIGS.
1A—1C using a metal containing reactant such as WF6 to
replace silicon atoms 16 in the diffusion barrier 15 With the
metal to form a metal rich surface 17, Which for WF6 is

24 comprise an outer layer of a diffusion barrier 26, an inner

40
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tungsten.
The ?nal structure is shoWn in FIG. 2B and comprises a
layer 15 on the surface thereof With a tungsten rich surface
17 on top of the diffusion barrier layer 15. This structure, as
in FIGS. 1A—1C, Will be used to deposit copper or other

tungsten layer 35 and provides excellent electrical properties
55

tungsten or other metal layer can be formed on the top of the

diffusion barrier, typically less than 100A. This metal layer

and provides the interconnect betWeen conductor 32 in
dielectric 31 and conductor 39 in dielectric 38.

While the present invention has been particularly
described, in conjunction With a speci?c preferred

is in effect a robust double structure diffusion barrier since

tungsten is also another excellent diffusion barrier for the
prevention of copper diffusion. Excellent step coverage of
the tungsten layer can also be obtained since this method is

embodiment, it is evident that many alternatives, modi?ca
tions and variations Will be apparent to those skilled in the

a substitution of silicon and is not a conventional chemical

vapor deposition from a gas phase. Additionally, tungsten
has a loWer resistivity than most of the barrier metals such

formed by the method of the subject invention.

FIG. 4 shoWs a multilayer interconnect structure of an

seen from FIG. 4, the via has a double structure diffusion
barrier comprising a diffusion barrier material 34 and a

conductor on the surface thereof to form a stud or line

interconnect in an electronic component.
The methods used to form the structures shoWn in FIGS.

as Ta, TaN, Ti, TiN, WN, SiN, and the like and thus a loWer
via contact resistance can be obtained using the barrier layer

layer of a tungsten rich surface 28 and the electroplated
copper layer 30 ?lling the via 21 and trench 24. Such a
structure provides an interconnect With excellent step
coverage, uniformity, loW resistance and adhesion to CVD
copper and provides an electronic component having excel
lent electromigration resistance and other operating proper
ties.
electronic component of the invention comprising a loWer
dielectric layer 31 having a conductor 32 therein. Interme
diate dielectric layer 33 has a via 36 comprising a diffusion
barrier 34, a tungsten layer 35 and a copper conductor 37.
The intermediate layer 33 is sandWiched betWeen an upper
dielectric layer 38 having a conductor 39 therein. As can be

dielectric layer 14, a silicon containing diffusion barrier

1A—1C and 2A—2B offer many advantages. A uniform thin

structure made according to the invention is shoWn in FIG.
3G Wherein the loWer dielectric layer 18 having a metal
conductor 19 therein is electrically connected to via 21 and
trench 24 in upper dielectric layer 20. The via 21 and trench

65

art in light of the foregoing description. It is therefore
contemplated that the appended claims Will embrace any
such alternatives, modi?cations and variations as falling
Within the true scope and spirit of the present invention.
Thus, having described the invention, What is claimed is:
1. A method for making multilayer electronic component
integrated circuit devices Wherein interconnects in the

US 6,887,781 B2
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devices have excellent step coverage, uniformity, loW resis
tance and adhesion to CVD-copper comprising the steps of:

?lling the openings in the dielectric layer With copper to

forming a multilayer electronic component layer by layer
With dielectric layers having openings therein With

the dielectric layer to rnetalliZation in another layer.
2. The method of claim 1 Wherein the refractory material
is selected from the group consisting of titanium silicon
nitride, tantalurn silicon nitride and tungsten silicon nitride.
3. The method of claim 1 Wherein the metal containing
reactant is W136.
4. The method of claim 3 Wherein the refractory material
is selected from the group consisting of titanium silicon
nitride, tantalurn silicon nitride and tungsten silicon nitride.

rnetalliZation formed in the openings to provide elec
trical connections betWeen the layers;
forming a diffusion barrier layer in the openings in the
dielectric layer Which diffusion barrier layer is a refrac

tory material containing replaceable silicon atorns;
forming a metal rich surface on top of the diffusion barrier

layer by reacting the barrier layer With a metal con
taining reactant and replacing at least part of the
replaceable atoms of the diffusion barrier layer With the
metal of the metal containing reactant; and

provide a conductor Which contacts the rnetalliZation in

5

