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FORMATION WITHOUT VACUUM BREAK
OF SACRIFICIAL LAYER THAT DISSOLVES
IN ACIDIC ACTIVATION SOLUTION
WITHIN INTERCONNECT

mance of the integrated circuit. Thus, a diffusion barrier
material 110 is deposited to surround the copper intercon
nect 102 Within the insulating layer 106 on the sideWalls and
the bottom Wall of the copper interconnect 102, as knoWn to
one of ordinary skill in the art of integrated circuit fabrica

tion. The diffusion barrier material 110 is disposed betWeen
the copper interconnect 102 and the insulating layer 106 for
preventing diffusion of copper from the copper interconnect
102 to the insulating layer 106 to preserve the integrity of the

TECHNICAL FIELD

The present invention relates generally to fabrication of
interconnect structures Within integrated circuits, and more
particularly, to formation of a sacri?cial layer on an under

insulating layer 106.

lying material Within an interconnect opening Without a

vacuum break, With the sacri?cial layer dissolving aWay in

Further referring to FIG. 1, an encapsulating layer 112 is
deposited as a passivation layer to encapsulate the copper

an acidic activation solution used for formation of a catalytic

interconnect 102, as knoWn to one of ordinary skill in the art

of integrated circuit fabrication. The encapsulating layer 112

seed layer on the underlying material.
BACKGROUND OF THE INVENTION
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A long-recogniZed important objective in the constant
advancement of monolithic IC (Integrated Circuit) technol
ogy is the scaling-doWn of IC dimensions. Such scaling

is typically comprised of a dielectric such as silicon nitride,
and copper from the copper interconnect 102 does not easily
diffuse into such a dielectric of the encapsulating layer 112.

Referring to FIG. 2, typically for ?lling the trench 104
With copper, the diffusion barrier material 110 is deposited

circuits. Moreover, reducing the area of an IC die leads to

on the sideWalls and the bottom Wall of the trench 104.
When the diffusion barrier material 110 is exposed to
oxygen, such as oxygen gas in air for example, the diffusion

higher yield in IC fabrication. Such advantages are a driving
force to constantly scale doWn IC dimensions.
Thus far, aluminum has been prevalently used for metal
liZation Within integrated circuits. HoWever, as the Width of

layer 120. For example, When the diffusion barrier material
110 is comprised of tantalum, the undesired oxide layer 120
is comprised of tantalum oxide (Ta2O5) that is formed from
oxidation of the exposed surfaces of the diffusion barrier

doWn of IC dimensions reduces area capacitance and is

critical to obtaining higher speed performance of integrated

barrier material 110 may oxidiZe to form an undesired oxide

25

metal lines are scaled doWn to smaller submicron and even

material 110.

nanometer dimensions, aluminum metalliZation shoWs elec

Referring to FIG. 3, before electroless deposition of
copper for ?lling the trench 104, a catalytic seed layer 122
is deposited on any exposed surfaces. With formation of the
undesired oxide layer 120, the catalytic seed layer 122 is
deposited on the undesired oxide layer 120. Referring to
FIG. 4, the copper ?ll 124 is electrolessly deposited from the
catalytic seed layer 122 to ?ll the trench opening 104.
Referring to FIG. 5, the portions of the copper ?ll 124, the

tromigration failure. Electromigration failure, Which may
lead to open and extruded of metal lines, is noW a commonly

recogniZed problem. Moreover, as dimensions of metal lines
further decrease, metal line resistance increases
substantially, and this increase in line resistance may

adversely affect circuit performance.
Given the concerns of electromigration and line resistance
With smaller metal lines and vias, copper is considered a
more viable metal for smaller metalliZation dimensions.

35

the diffusion barrier material 110 disposed on the surround

ing insulating layer 106 are polished aWay in a CMP
(chemical mechanical polishing) process such that the cop
per ?ll 124, the catalytic seed layer 122, the undesired oxide

Copper has loWer bulk resistivity and potentially higher
electromigration tolerance than aluminum. Both the loWer

bulk resistivity and the higher electromigration tolerance

layer 120, and the diffusion barrier material 110 are con
tained Within the trench 104.
In the prior art interconnect structure as illustrated in

improve circuit performance.
Referring to FIG. 1, a cross sectional vieW is shoWn of a
copper interconnect 102 Within a trench 104 formed in an

FIGS. 2, 3, 4, and 5, the undesired oxide layer 120 disposed

insulating layer 106. The copper interconnect 102 Within the
insulating layer 106 is formed on a semiconductor Wafer 108

betWeen the diffusion barrier material 110 and the catalytic
45

such as a silicon substrate as part of an integrated circuit.
Because copper is not a volatile metal, copper cannot be

interconnect 102 is typically formed by etching the trench

conductive to insulate the conductive diffusion barrier mate

104 as an opening Within the insulating layer 106, and the
trench 104 is then ?lled With copper typically by an elec

rial 110 from enhancing the conductivity of the interconnect
structure. Such features are especially disadvantageous for
interconnect structures having higher aspect ratio (de?ned as

troplating process, as knoWn to one of ordinary skill in the

a ratio of the depth to the Width of the interconnect
55

Thus, as integrated circuit dimensions including the Width

1, the insulating layer 106 may be comprised of silicon

mechanism is desired for eliminating the undesired oxide
layer 120 from the interconnect structure. In addition, pres
ervation of any dielectric material of the integrated circuit
having the interconnect structure is desired While eliminat
ing the undesired oxide layer 120 from the interconnect

as organic doped silica, as knoWn to one of ordinary skill in
the art of integrated circuit fabrication. The loW dielectric
constant insulating material has a dielectric constant that is

Copper may easily diffuse into such an insulating layer
106, and this diffusion of copper may degrade the perfor

structure).
of the interconnect structures are further scaled doWn, a

dioxide or a loW dielectric constant insulating material such

loWer than that of pure silicon dioxide (SiO2) for loWer
capacitance of the interconnect, as knoWn to one of ordinary
skill in the art of integrated circuit fabrication.

seed layer 122 degrades the performance of the interconnect
structure. The catalytic seed layer 122 may have poor
adhesion to the undesired oxide layer 120 to promote
electromigration failure of the interconnect structure. In
addition, the undesired oxide layer 120 may be non

easily etched aWay in a deposition and etching process as
typically used for aluminum metalliZation. Thus, the copper

art of integrated circuit fabrication.
Unfortunately, copper is a mid-bandgap impurity in sili
con and silicon dioxide. Thus, copper may diffuse easily into
these common integrated circuit materials. Referring to FIG.

catalytic seed layer 122, the undesired oxide layer 120, and

structure.
65

SUMMARY OF THE INVENTION

Accordingly, in a general aspect of the present invention,
a sacri?cial layer of protective material is formed on an

US 6,498,093 B1
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underlying material, such as the diffusion barrier material, to
prevent oxidation of the underlying material.
In one embodiment of the present invention, in a system
and method for ?lling an interconnect opening of an inte

FIGS. 11, 12, 13, and 14 shoW cross-sectional vieWs of an
interconnect structure With a sacri?cial layer of protective

grated circuit formed on a semiconductor substrate, an

FIG. 15 shoWs a cross-sectional vieW of a via hole formed
on a bottom interconnect structure; and
FIG. 16 shoWs a cross-sectional vieW of a dual damascene
opening formed on a bottom interconnect structure.

material formed on a dielectric material, according to

another embodiment of the present invention;

underlying material is formed at any exposed Walls of the
interconnect opening. A sacri?cial layer of protective mate
rial is formed on the underlying material at the Walls of the

interconnect opening. The underlying material and the sac
ri?cial layer of protective material are formed Without a
vacuum break. The protective material of the sacri?cial layer
is soluble in an acidic catalytic solution used for depositing
a catalytic seed layer. The semiconductor substrate having
the interconnect opening is placed Within an acidic catalytic
solution for depositing a catalytic seed layer. The sacri?cial
layer of protective material is dissolved aWay from the

The ?gures referred to herein are draWn for clarity of
10

having the same reference number in FIGS. 1, 2, 3, 4, 5, 6,
7, 8, 9, 10, 11, 12, 13, 14, 15, and 16 refer to elements having
similar structure and function.
DETAILED DESCRIPTION
15

underlying material by the acidic catalytic solution such that
the underlying material is exposed to the acidic catalytic
solution. A catalytic seed layer formed from the acidic
catalytic solution is deposited on the exposed underlying

as Would be apparent to one of ordinary skill in the art of

integrated circuit fabrication from the description herein.
Referring to FIG. 6, for forming an interconnect such as
copper interconnect, an interconnect opening 202 such as a
trench line is formed Within an insulating layer 204 on a
25
semiconductor Wafer 208 as part of an integrated circuit, as

knoWn to one of ordinary skill in the art of integrated circuit
fabrication. Typically, the semiconductor Wafer 208 is com

prised of silicon (Si), and the insulating layer 204 is com
prised of silicon dioxide (SiO2) or a loW dielectric constant
insulating material such as organic doped silica, as knoWn to
one of ordinary skill in the art of integrated circuit fabrica
tion.

depositing the catalytic seed layer comprised of palladium
and/or tin on the underlying material.
In this manner, the underlying material is covered by the

The present invention is described for formation of copper
interconnect. HoWever, the present invention may be prac
ticed for eliminating an undesired oxide layer by forming a

sacri?cial layer of protective material that dissolves aWay in
an acidic catalytic solution for other types of interconnects,

material at the Walls of the interconnect opening.
According to another embodiment of the present

invention, the semiconductor substrate having the intercon
nect opening is placed Within an electroless deposition
solution for ?lling the interconnect opening by groWing a
conductive ?ll material from the catalytic seed layer using
the electroless deposition solution.
The present invention may be used to particular advantage
When the underlying material is comprised of a diffusion
barrier material, such as tantalum, and When the protective
material of the sacri?cial layer is comprised of magnesium.
In that case, the acidic catalytic solution includes palladium
chloride and/or tin chloride With hydrochloric acid for

illustration and are not necessarily draWn to scale. Elements

35

Copper interconnect is desirable for metalliZation Within
an integrated circuit With scaled doWn dimensions because

sacri?cial layer of protective material until the semiconduc

copper has loWer bulk resistivity and potentially higher
electromigration tolerance than aluminum. HoWever,

tor substrate is immersed in the acidic catalytic solution for

because copper is not a volatile metal, copper cannot be

forming the catalytic seed layer. Thus, the underlying mate

easily etched aWay in a deposition and etching process as

typically used for aluminum metalliZation. Thus, copper
interconnect is typically formed by etching the interconnect
opening 202 Within the insulating layer 204 and then ?lling
the interconnect opening 202 With copper ?ll.

rial is not exposed to oxygen such that an undesired oxide
layer is not formed on the underlying material. The sacri?

cial layer of protective material dissolves aWay from the
underlying material When the semiconductor substrate is
immersed in the acidic catalytic solution such that the

catalytic seed layer is deposited directly on the underlying

Referring to FIG. 7, a diffusion barrier material 210 is
45

deposited on the exposed surfaces of the insulating layer 204

material. The acidic catalytic solution does not deleteriously
etch or otherWise degrade any dielectric material already

including the sideWalls and the bottom Wall of the intercon

formed for the integrated circuit on the semiconductor
substrate.

204 is typically comprised of silicon dioxide or a loW

These and other features and advantages of the present
invention Will be better understood by considering the
folloWing detailed description of the invention Which is
presented With the attached draWings.

silica, as knoWn to one of ordinary skill in the art of

BRIEF DESCRIPTION OF THE DRAWINGS
FIG. 1 shoWs a cross-sectional vieW of a copper inter

nect opening 202. Referring to FIG. 7, the insulating layer
dielectric constant insulating material such as organic doped

integrated circuit fabrication, especially When the semicon
ductor Wafer 208 is a silicon substrate. Copper may easily

55

diffuse into the insulating layer 204, and this diffusion of
copper may degrade the performance of the integrated
circuit. Thus, the diffusion barrier material 210 is deposited
to surround the copper to be ?lled Within the interconnect

connect formed by copper ?lling a trench Within an insu

opening 202.

lating layer, according to the prior art;

The diffusion barrier material 210 prevents diffusion of
copper to be ?lled Within the interconnect opening 202 to the

FIGS. 2, 3, 4, and 5 shoW cross-sectional vieWs of an
interconnect structure With an undesired oxide layer formed
on a diffusion barrier material, according to the prior art;
FIGS. 6, 7, 8, 9, and 10 shoW cross-sectional vieWs of an
interconnect structure With a sacri?cial layer of protective

insulating layer 204 to preserve the integrity of the insulat
ing layer 204. The diffusion barrier material 210 may be a
diffusion barrier metal or a diffusion barrier dielectric. Such

diffusion barrier materials and processes for deposition of

such diffusion barrier materials are knoWn to one of ordinary
material formed on a underlying diffusion barrier material to
prevent formation of an undesired oxide layer on the under 65 skill in the art of integrated circuit fabrication.

lying diffusion barrier material, according to an embodiment

of the present invention;

For example, the diffusion barrier material 210 is com
prised of tantalum according to one embodiment of the

US 6,498,093 B1
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present invention. If the semiconductor substrate 208 having

FIG. 8 illustrates cross-sectional vieWs of the interconnect

the tantalum diffusion barrier material 210 Were exposed to

opening 202 in time-sequence. When the semiconductor
substrate 208 having the sacri?cial layer of protective mate

a source of oxygen, such as air, then the tantalum of the
diffusion barrier material 210 is oxidized to form an undes

rial 214 on the underlying diffusion barrier material 210 is
immersed Within the acidic catalytic solution 220, the sac

ired layer of tantalum oxide (Ta2O5) on the diffusion barrier
material 210. According to an aspect of the present
invention, the diffusion barrier material 210 is an underlying

ri?cial layer of protective material 214 is dissolved aWay by
the acidic catalytic solution 220 from the underlying diffu

material formed Within a vacuum chamber 212. The vacuum

chamber 212 is controlled such that substantially Zero oxy
gen is present Within the vacuum chamber 212. Such a
vacuum chamber is knoWn to one of ordinary skill in the art
of integrated circuit fabrication. Such a vacuum chamber
may be for a deposition chamber or for a deposition cluster
tool, as knoWn to one of ordinary skill in the art of integrated
circuit fabrication.
Because the diffusion barrier material 210 is formed
Within the vacuum chamber 212, the diffusion barrier mate
rial 210 is not exposed to oxygen, and an undesired oxide
layer is not formed on the diffusion barrier material 210.
Further referring to FIG. 7, according to an aspect of the

10

otherWise degrade any dielectric material already formed for
the integrated circuit on the semiconductor substrate.

In addition, after the sacri?cial layer of protective material
15

underlying diffusion barrier material 210 is comprised of
tantalum, the sacri?cial layer of protective material 214 is
comprised of magnesium, and the acidic catalytic solution

214 is formed on the underlying diffusion barrier material

220 is comprised of palladium chloride (PdCl2), the catalytic
seed layer 222 is comprised of palladium.

210 Within the vacuum chamber 212 Without a vacuum
25

210 and formation of the sacri?cial layer of protective
material 214 on the diffusion barrier material 210. For

example, the sacri?cial layer of protective material 214 is
formed on the diffusion barrier material 210 Within the same

vacuum chamber 212 shortly after formation of the diffusion
barrier material 210 Within the vacuum chamber 212.
In one embodiment of the present invention, the sacri?cial

Similarly, When the underlying diffusion barrier material
210 is comprised of tantalum, the sacri?cial layer of pro
tective material 214 is comprised of magnesium, and the
acidic catalytic solution 220 is comprised of tin chloride
(SnCl2), the catalytic seed layer 222 is comprised of tin.
Alternatively, When the underlying diffusion barrier material
210 is comprised of tantalum, the sacri?cial layer of pro
tective material 214 is comprised of magnesium, and the
acidic catalytic solution 220 is comprised of palladium

chloride (PdCl2) and tin chloride (SnCl2), the catalytic seed

layer of protective material 214 is comprised of magnesium
When the diffusion barrier material 210 is comprised of
tantalum. Processes for depositing such sacri?cial layer of
protective material 214 and diffusion barrier material 210

214 is dissolved aWay from the underlying diffusion barrier
material 210, a catalytic seed layer 222 is formed on the
underlying diffusion barrier material 210 (as shoWn from the
middle cross section to the bottom cross section in FIG. 8).
In one embodiment of the present invention, When the

present invention, a sacri?cial layer of protective material
break after the diffusion barrier material 210 is formed.
Thus, the diffusion barrier material 210 is not exposed to
oxygen betWeen formation of the diffusion barrier material

sion barrier material 210 (as shoWn from the top cross
section to the middle cross section in FIG. 8. In addition, the
acidic catalytic solution 220 does not deleteriously etch or

35

layer 222 is comprised of a compound of palladium and tin.
Referring to FIG. 9, after formation of the catalytic seed
layer 222 on the underlying diffusion barrier material 210,

Without a vacuum break are knoWn to one of ordinary skill

the semiconductor substrate 208 is immersed in an electro

in the art of integrated circuit fabrication. In this manner, the
sacri?cial layer of protective material 214 covers the under
lying diffusion barrier material 210 Without formation of an

opening 202 With a conductive ?ll material 232 such as

less deposition solution 230 for ?lling the interconnect

undesired layer of oxide from oxidation of the underlying
diffusion barrier material 210. With the sacri?cial layer of

protective material 214 covering the underlying diffusion
barrier material 210, the semiconductor substrate 208 may
be handled in air Without formation of an undesired layer of
oxide from oxidation of the underlying diffusion barrier
material 210. The sacri?cial layer of protective material 214

45

prevents oxygen from reaching the underlying diffusion
barrier material 210.
Referring to FIG. 8, the semiconductor substrate 208 is
placed Within an acidic catalytic solution 220 for forming a

catalytic seed layer. Referring to FIG. 8, according to an
aspect of the present invention, the sacri?cial layer of
protective material 214 is soluble in the acidic catalytic

copper. For example, copper from the electroless deposition
solution 230 groWs from the catalytic seed layer 222 com
prised of palladium and/or tin according to one embodiment
of the present invention. Such electroless deposition solution
is commercially available and knoWn to one of ordinary skill
in the art of integrated circuit fabrication.
Referring to FIG. 10, the copper ?ll 232, the catalytic seed
layer 222, and the diffusion barrier material 210 on the
insulating layer 204 are polished doWn until the insulating
layer 204 is exposed such that the copper ?ll 232, the
catalytic seed layer 222, and the diffusion barrier material
210 are contained Within the interconnect opening 202.
Polishing processes such as CMP (chemical mechanical

55

polishing) processes for polishing aWay the copper ?ll 232,
the catalytic seed layer 222, and the diffusion barrier mate

solution 220. For example, in one embodiment of the present

rial 210 from the insulating layer 204 are knoWn to one of

invention, When the underlying diffusion barrier material
210 is comprised of tantalum and the sacri?cial layer of
protective material 214 is comprised of magnesium, the
acidic catalytic solution 220 is comprised of palladium

ordinary skill in the art of integrated circuit fabrication.
In this manner, the underlying diffusion barrier material
210 is covered by the sacri?cial layer of protective material
214 until the semiconductor substrate 208 is immersed in the
acidic catalytic solution 220 for forming the catalytic seed
layer 222 on the underlying diffusion barrier material 210.
Thus, the underlying diffusion barrier material 210 is not

chloride (PdCl2) and/or tin chloride (SnCl2) including
hydrochloric acid (HCl). Such an acidic catalytic solution
220 is commercially available and knoWn to one of ordinary
skill in the art of integrated circuit fabrication. The sacri?cial

layer of protective material 214 comprised of magnesium is
soluble in the acidic catalytic solution 220 having hydro
chloric acid (HCl).

65

exposed to oxygen such that an undesired oxide layer is not
formed on the underlying diffusion barrier material 210. The

sacri?cial layer of protective material 214 dissolves aWay
from the underlying diffusion barrier material 210 When the

US 6,498,093 B1
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semiconductor substrate 208 is immersed in the acidic

solution 220 is comprised of tin chloride (SnCl2), the

catalytic seed layer 222 is comprised of tin. Alternatively,

catalytic solution 220 such that the catalytic seed layer 222
is deposited directly on the underlying diffusion barrier
material 210. In addition, the acidic catalytic solution 220

When the sacri?cial layer of protective material 214 is
comprised of magnesium and the acidic catalytic solution
220 is comprised of palladium chloride (PdCl2) and tin

does not deleteriously etch or otherWise degrade any dielec
tric material already formed for the integrated circuit on the
semiconductor substrate.
Without formation of the undesired oxide layer betWeen

chloride (SnCl2), the catalytic seed layer 222 is comprised of
a compound of palladium and tin.
Referring to FIG. 13, after formation of the catalytic seed
layer 242 on the underlying dielectric material of the insu

the catalytic seed layer 222 and the underlying diffusion

lating layer 204, the semiconductor substrate 208 is

barrier material 210, the catalytic seed layer 222 has a
stronger adhesion to the underlying diffusion barrier mate
rial 210 to improve the reliability of the interconnect struc
ture. Furthermore, Without formation of the undesired oxide
layer, When the diffusion barrier material 210 is comprised
of a conductive material, the volume of the diffusion barrier
material 210 may enhance the conductivity of the intercon
nect structure. Such features are especially advantageous for
interconnect structures With high aspect ratio as the dimen

immersed in an electroless deposition solution for ?lling the
interconnect opening 202 With a conductive ?ll material 244
such as copper. For example, copper from the electroless
15

ment of the present invention. Such electroless deposition
solution is commercially available and knoWn to one of

ordinary skill in the art of integrated circuit fabrication.
Referring to FIG. 14, the copper ?ll 244 and the catalytic
seed layer 222 on the insulating layer 204 are polished doWn
until the insulating layer 204 is exposed such that the copper
?ll 244 and the catalytic seed layer 242 are contained Within
the interconnect opening 202. Polishing processes such as

sions of the interconnect structures are scaled doWn.

Referring to FIG. 11, in an alternative embodiment of the

present invention, the sacri?cial layer of protective material
214 is formed on the dielectric material of the insulating
layer 204 When a diffusion barrier material is not used. For

example, With advancement of technology for dielectric
materials, the insulating layer 204 may be comprised of an
insulating material that is impervious to copper diffusion

25

CMP (chemical mechanical polishing) processes for polish
ing aWay the copper ?ll 244 and the catalytic seed layer 242
from the insulating layer 204 are knoWn to one of ordinary
skill in the art of integrated circuit fabrication.

such that a diffusion barrier material is not used.

Alternatively, the insulating material 204 may be comprised

The foregoing is by Way of example only and is not
intended to be limiting. For example, the present invention
is described for formation of copper interconnect. HoWever,
the present invention may be practiced for eliminating an

of silicon dioxide or a loW dielectric constant insulating

material such as organic doped silica.
In one aspect of the present invention, the exposed
surfaces of the interconnect opening 202 and the sacri?cial

undesired layer by forming a sacri?cial layer of protective

layer of protective material 214 are formed Within the same

material that dissolves aWay in an acidic catalytic solution
for other types of interconnects, as Would be apparent to one

vacuum chamber 212 Without a vacuum break. Thus, the

underlying dielectric material of the insulating layer 204 that
is covered by the sacri?cial layer of protective material 214

of ordinary skill in the art of integrated circuit fabrication
from the description herein.
In addition, the present invention is described for the
underlying diffusion barrier material 210 and the underlying
dielectric material of the insulating layer 204. HoWever, the
present invention may be practiced for preventing formation

is protected from exposure to any deleterious elements or

compounds in the air.
Referring to FIG. 12, the semiconductor substrate 208 is
placed Within the acidic catalytic solution 220 for forming a
catalytic seed layer. FIG. 12 illustrates cross-sectional vieWs
of the interconnect opening 202 in time-sequence. When the
semiconductor substrate 208 having the sacri?cial layer of
protective material 214 on the underlying dielectric material
of the insulating layer 204 is immersed Within the acidic

deposition solution groWs from the catalytic seed layer 242
comprised of palladium and/or tin according to one embodi

of an undesired material on any type of underlying material
at the Walls Within an interconnect opening, as Would be
apparent to one of ordinary skill in the art of integrated
45

circuit fabrication from the description herein.
Furthermore, the interconnect opening 202 is illustrated

catalytic solution 220, the sacri?cial layer of protective

as a trench line for forming a metal line as the interconnect

material 214 is dissolved aWay by the acidic catalytic
solution 220 from the underlying dielectric material of the
insulating layer 204 (as shoWn from the top cross section to
the middle cross section in FIG. 12). In addition, the acidic
catalytic solution 220 does not deleteriously etch or other
Wise degrade any dielectric material already formed for the

structure. HoWever, referring to FIG. 15, the present inven
tion may be practiced When the interconnect opening 202 is
a via hole for providing connection to a bottom interconnect
structure 250, as Would be apparent to one of ordinary skill

in the art of integrated circuit fabrication from the descrip
tion herein. Additionally, referring to FIG. 16, the present
invention may be practiced When the interconnect opening

integrated circuit on the semiconductor substrate.

In addition, after the sacri?cial layer of protective material
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214 is dissolved aWay from the underlying dielectric mate

202 is a dual damascene opening 202 for providing connec
tion to the bottom interconnect structure 250 and for forming

rial of the insulating layer 204, a catalytic seed layer 242 is

a top interconnect structure, as Would be apparent to one of

formed on the underlying dielectric material of the insulat
ing layer 204 (as shoWn from the middle cross section to the
bottom cross section in FIG. 12). In one embodiment of the

ordinary skill in the art of integrated circuit fabrication from
the description herein. Via holes and dual damascene open

present invention, When the sacri?cial layer of protective

integrated circuit fabrication.

material 214 is comprised of magnesium and the acidic
catalytic solution 220 is comprised of palladium chloride

art, the structures described herein may be made or used in

(PdCl2) including hydrochloric acid (HCl), the catalytic seed
layer 242 is comprised of palladium.
Similarly, When the sacri?cial layer of protective material
214 is comprised of magnesium and the acidic catalytic

ings are knoWn to one of ordinary skill in the art of

Furthermore, as Will be understood by those skilled in the
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the same Way regardless of their position and orientation.
Accordingly, it is to be understood that terms and phrases
such as “top,” “bottom,” and “sideWall” as used herein refer
to relative location and orientation of various portions of the

US 6,498,093 B1
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structures With respect to one another, and are not intended

depositing said catalytic seed layer comprised of tin on said

to suggest that any particular absolute orientation With
respect to external objects is necessary or required.
The present invention is limited only as de?ned in the

underlying material.

following claims and equivalents thereof.

hydrochloric acid for depositing said catalytic seed layer

We claim:
1. A method for ?lling an interconnect opening of an
integrated circuit formed on a semiconductor substrate, the

underlying material.

method comprising the steps of:

opening is one of a trench line, a via hole, or a dual

A. forming an underlying material at any eXposed Walls of

10. The method of claim 1, Wherein said acidic catalytic
solution includes palladium chloride and tin chloride With
comprised of a compound of palladium and tin on said

11. The method of claim 1, Wherein said interconnect
10

said interconnect opening;

12. A method for ?lling an interconnect opening of an
integrated circuit formed on a semiconductor substrate, the

B. forming a sacri?cial layer of protective material on said
underlying material at said Walls of said interconnect

method comprising the steps of:

opening;

A. forming an underlying material at any eXposed Walls of

Wherein said step A and said step B are performed

said interconnect opening;

Without a vacuum break betWeen said step A and said

Wherein said interconnect opening is one of a trench
line, a via hole, or a dual damascene interconnect

step B;
and Wherein said protective material of said sacri?cial
layer is soluble in an acidic catalytic solution used

for depositing a catalytic seed layer;
C. immersing said semiconductor substrate having said
interconnect opening Within an acidic catalytic solution
for depositing a catalytic seed layer after said steps A
and B;
Wherein said sacri?cial layer of protective material is
dissolved aWay from said underlying material by
said acidic catalytic solution such that said underly
ing material is eXposed to said acidic catalytic solu
tion; and
D. depositing a catalytic seed layer formed from said
acidic catalytic solution on said eXposed underlying
material at said Walls of said interconnect opening

opening;
and Wherein said underlying material is comprised of
tantalum as a diffusion barrier material;

B. forming a sacri?cial layer of protective material on said
underlying material at said Walls of said interconnect
25

is comprised of magnesium;
Without a vacuum break betWeen said step A and said

step B;
and Wherein said protective material of said sacri?cial
layer is soluble in an acidic catalytic solution used

35

formed on said underlying material all the While said
semiconductor substrate is immersed Within said

same acidic catalytic solution during said step C.
2. The method of claim 1, further comprising the step of:
placing said semiconductor substrate having said inter
connect opening Within an electroless deposition solu
tion for ?lling said interconnect opening by groWing a
conductive ?ll material from said catalytic seed layer

45

said acidic catalytic solution during said step C;
Wherein said acidic catalytic solution includes palla
dium chloride and tin chloride With hydrochloric
acid for depositing said catalytic seed layer com

material is comprised of a diffusion barrier material.

4. The method of claim 3, Wherein said underlying
material is comprised of tantalum.
5. The method of claim 4, Wherein said protective material

prised of a compound of palladium and tin on said

underlying material;
and Wherein said sacri?cial layer of protective material
is dissolved aWay and said catalytic seed layer is

of said sacri?cial layer is comprised of magnesium.
6. The method of claim 1, Wherein said underlying

for depositing said catalytic seed layer comprised of palla
dium on said underlying material.

9. The method of claim 1, Wherein said acidic catalytic
solution includes tin chloride With hydrochloric acid for

D. depositing a catalytic seed layer formed from said
acidic catalytic solution on said eXposed underlying
material at said Walls of said interconnect opening
While said semiconductor substrate is immersed Within

step D.
3. The method of claim 1, Wherein said underlying

said interconnect opening.
7. The method of claim 1, Wherein said protective material
of said sacri?cial layer is comprised of magnesium.
8. The method of claim 1, Wherein said acidic catalytic
solution includes palladium chloride With hydrochloric acid

for depositing a catalytic seed layer;
C. immersing said semiconductor substrate having said
interconnect opening Within an acidic catalytic solution
for depositing a catalytic seed layer after said steps A
and B;
Wherein said sacri?cial layer of protective material is
dissolved aWay from said underlying material by
said acidic catalytic solution such that said underly
ing material is eXposed to said acidic catalytic solu

tion;

using said electroless deposition solution, after said

material is comprised of a dielectric material surrounding

opening;
Wherein said protective material of said sacri?cial layer
Wherein said step A and said step B are performed

While said semiconductor substrate is immersed Within

said acidic catalytic solution during said step C;
Wherein said sacri?cial layer of protective material is
dissolved aWay and said catalytic seed layer is

damascene interconnect opening.
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formed on said underlying material all the While said
semiconductor substrate is immersed Within said

same acidic catalytic solution during said step C; and
E. immersing said semiconductor substrate having said
interconnect opening Within an electroless deposition
solution for ?lling said interconnect opening by groW
ing copper from said catalytic seed layer using said
electroless deposition solution, after said step D.
*
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