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(57 ABSTRACT

A method of forming a protective structure on a top metal
line on an interconnect structure is disclosed. The method
includes providing a plate opening in the passivation layer
on the top metal line and forming a protective plate in the
plate opening on the top metal line.
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METHOD OF REDUCING PROCESS STEPS IN
METAL LINE PROTECTIVE STRUCTURE
FORMATION

FIELD OF THE INVENTION

[0001] The present invention relates to methods for fab-
ricating integrated circuit devices on semiconductor wafers.
More particularly, the present invention relates to a method
of reducing the number of process steps required for the
formation of top metal interconnect lines’ associated pro-
tective structures on a semiconductor wafer by forming a
protective plate bounded by a passivation layer to protect a
top metal interconnect line.

BACKGROUND OF THE INVENTION

[0002] The fabrication of various solid state devices
requires the use of planar substrates, or semiconductor
wafers, on which integrated circuits are fabricated. The final
number, or yield, of functional integrated circuits on a wafer
at the end of the IC fabrication process is of utmost impor-
tance to semiconductor manufacturers, and increasing the
yield of circuits on the wafer is the main goal of semicon-
ductor fabrication. After packaging, the circuits on the
wafers are tested, wherein non-functional dies are marked
using an inking process and the functional dies on the wafer
are separated and sold. IC fabricators increase the yield of
dies on a wafer by exploiting economies of scale. Over 1000
dies may be formed on a single wafer which measures from
six to twelve inches in diameter.

[0003] Various processing steps are used to fabricate inte-
grated circuits on a semiconductor wafer. This may include
the use of a dual damascene process. A typical dual dama-
scene process flow is as follows: IMD Deposition-->VIA
Photo/Etch-->Metal pre-patterning-->Metal Trench Photo/
Etch-->PVD Barrier (TaN etc)/Seed Dep. (Cu)-->Cu elec-
troplating (ECP)-->Cu CMP

[0004] The numerous processing steps outlined above are
used to cumulatively apply multiple electrically conductive
and insulating layers on the wafer and pattern the layers to
form the circuits. The final yield of functional circuits on the
wafer depends on proper application of each layer during the
process steps. Proper application of those layers depends, in
turn, on coating the material in a uniform spread over the
surface of the wafer in an economical and efficient manner.
The various layers define circuit components or devices such
as transistors.

[0005] After the individual devices have been fabricated
on the substrate, they must be connected together to perform
the desired circuit functions. This interconnection process is
generally known as “metallization” and is performed using
a number of different photolithographic, deposition, and
removal techniques. In a common interconnection process,
two interconnect channels of conductor materials are sepa-
rated by interlayer dielectric layers in vertically separated
planes perpendicular to each other and interconnected by a
vertical connection, or “via”, at their closest point

[0006] FIGS. 1A-1G illustrate sequential process steps
carried out according to a conventional method to form a
protective aluminum bonding pad and dual passivation
layers for a top metal line in a conventional metal intercon-
nect structure 10. The structure 10 typically includes mul-
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tiple dielectric layers 12a-12f, respectively, which are
sequentially deposited on a wafer substrate (not shown) and
each other. A bottom metal line 164, a middle metal line 165
and a top metal line 16¢ are formed in the dielectric layers
125, 12d and 12f, respectively. Bottom vias 14a connect the
bottom metal lines 16a to device features (not shown)
fabricated in or on the wafer substrate. In similar fashion,
middle vias 145 connect the middle metal lines 165 to the
bottom metal lines 16a, and top vias 14¢ connect the top
metal lines 16¢ to the middle metal lines 16b.

[0007] As shown in FIG. 1A, after completion of a top
metal line 16¢, a bottom passivation stop layer 18 and a
bottom passivation layer 20 are deposited on the top dielec-
tric layer 12/ and top metal line 16¢. As shown in FIG. 1B,
a photoresist layer 22 is then deposited on the bottom
passivation layer 20 and patterned to form photoresist open-
ings 23 corresponding to the location and size of a protective
aluminum bonding pad to be subsequently formed. As
shown in FIG. 1C, the bottom passivation layer 20 is then
etched to form a pad opening 21 corresponding to the size
and location of the photoresist opening 23. This is followed
by stripping of the photoresist layer 22 from the bottom
passivation layer 20 and removal of the bottom passivation
stop layer 18 from the top metal line 16C. An aluminum pad
26 is next formed in the pad opening 21 of the bottom
passivation layer 20, on top of the top metal line 16¢, as
shown in FIG. 1D. A photoresist layer (not shown) is
provided on the aluminum pad 26, which is then etched in
the desired configuration, after which the photoresist layer is
stripped.

[0008] As shown in FIG. 1E, a top passivation layer 28 is
next formed on the aluminum pad 26 and bottom passivation
layer 20. As shown in FIG. 1F, a photoresist layer 30
patterned with an opening 31 is next formed on the top
passivation layer 28, and the underlying top passivation
layer 28 is etched to form an opening 29 therein. As shown
in FIG. 1G, the photoresist layer 30 is next stripped from the
top passivation layer 28. Finally, SiON is removed from the
pad 26, followed by argon treatment and wet stripping to
remove residual polymer residues from the structure 10. The
top passivation layer 28 prevents inadvertent scratching and
peeling of the aluminum pad 26, whereas the aluminum pad
26 prevents corrosion of the top metal line 16c¢.

[0009] Packaging follows in which an IC chip (not shown)
of which the interconnect structure 10 is a part is assembled
into a higher-order electronic structure. This involves the
wire bonding of an internal lead (not shown) of a leadframe
to the aluminum pad 26. The leadframes are electrically
attached to components in the electronic structure.

[0010] The dual passivation process heretofore described
with respect to FIGS. 1A-1G requires 13 separate process
steps and contributes to an excessively long cycle time.
Furthermore, the process results in a high fluorine concen-
tration in the aluminum pad 26, increasing the likelihood of
pad crystal (F-pad) defects which may cause bondability
failure during subsequent chip packaging.

[0011] Therefore, a method of reducing the number of
process steps required for the top metal interconnect lines’
associated protective/bonding structures formed on a semi-
conductor wafer is needed.

[0012] Accordingly, an object of the present invention is to
provide a method which includes the formation of a protec-
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tive plate which is bounded by a passivation layer to protect
a top metal interconnect line in a metal interconnect struc-
ture from oxidation, corrosion, scratching and peeling.

[0013] Another object of the present invention is to pro-
vide a method which simplifies the process used to form top
metal interconnect lines associated protective/bonding struc-
tures, thus substantially reducing the process cycle time.

[0014] Still another object of the present invention is to
provide a method which eliminates the need to use a dual
passivation scheme to avoid aluminum pad scratching and
peeling.

[0015] Yet another object of the present invention is to
provide a method which eliminates the need to use an
aluminum pad and dual passivation structure to prevent
corrosion of a top metal line by using a protective plate
bounded by a passivation layer to protect the top metal line.

SUMMARY OF THE INVENTION

[0016] In accordance with these and other objects and
advantages, the present invention is generally directed to a
novel method of reducing process steps required for the
fabrication of top metal lines associated protective/bonding
structures in semiconductor devices. The method includes
providing a passivation layer on a top metal line, etching a
plate opening in the passivation layer, and forming a pro-
tective plate on the top metal line, in the plate opening. The
method significantly shortens the cycle time required for
fabrication of top metal lines’ associated protective and
bonding structures by replacing a conventional aluminum
bonding pad with a silver bonding plate and eliminating the
need for a conventional dual passivation scheme which is
conventionally used to protect the aluminum bonding pad
from scratching and peeling. Furthermore, the method elimi-
nates high fluorine concentrations which frequently charac-
terize a conventional aluminum bonding pad, thus prevent-
ing pad crystal (F-pad) defects and bondability failure
during subsequent chip packaging.

BRIEF DESCRIPTION OF THE DRAWINGS

[0017] The invention will now be described, by way of
example, with reference to the accompanying drawings, in
which:

[0018] FIGS. 1A-1G are cross-sectional views illustrating
a conventional dual passivation and aluminum pad forma-
tion technique on a top metal line;

[0019] FIGS. 2A-2F are cross-sectional views illustrating
a method of reducing process steps by fabricating a silver
bonding plate on the top metal line in the plate opening of
the passivation layer according to the present invention;

[0020] FIG. 3 is a flow diagram which illustrates sequen-
tial process steps carried out according to the present inven-
tion; and

[0021] FIG. 4 is a schematic of a semiconductor device

interconnect structure fabricated according to the present
invention.

DETAILED DESCRIPTION OF THE
INVENTION
[0022] Referring to FIGS. 2A-2F, sequential process
steps carried out in implementation of a method of reducing
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process steps in the formation of protective structures for a
metal line according to the present invention is shown.
Unless otherwise noted, the method may be carried out using
conventional deposition and etching techniques known by
those skilled in the art. An exemplary interconnect structure
40 includes multiple dielectric layers 42a-42f, respectively
which are sequentially deposited on a wafer substrate 41 and
on each other using conventional deposition techniques.
Bottom vias 44a extend through the dielectric layer 42a and
connect a bottom metal line 464 in the dielectric layer 426
to device features (not shown) fabricated in or on the wafer
substrate (not shown). Middle metal lines 465 are formed in
the dielectric layer 42d. Middle vias 445 connect the middle
metal lines 465 to the bottom metal lines 46a. A top via 44¢
extending through the dielectric layer 42¢ connects the top
metal line 46¢ to the middle metal lines 465. The metal lines
46a-46¢ and vias 44a-44c are typically fabricated at each
level using a dual damascene process. A top metal line 46¢
is formed in the top dielectric layer 42f. The top metal line
46¢ may be, for example, Cu, Al, Ag, Au or Pt.

[0023] As shown in FIG. 2A, as a first step in the process
according to the present invention, an etch stop layer 48 is
formed on the upper surfaces of the top dielectric layer 421
and metal lines 46¢. The etch stop layer 48 may be SiN, for
example. A passivation layer 50 is next formed on the etch
stop layer 48.

[0024]  As shown in FIG. 2B, a photoresist layer 52 is next
formed on the passivation layer 50, such as by using a
spin-coating process, for example. The photoresist layer 52
is patterned to form one or multiple photoresist openings 53
therein. The size and location of each photoresist opening 53
corresponds to the size and location of a silver bonding plate
to be subsequently formed on the top metal line 46¢, as will
be hereinafter described.

[0025] As shown in FIG. 2C, the passivation layer 50 is
then etched down to the etch stop layer 48 to form a plate
opening 51 beneath the photoresist opening 53. The plate
opening 51 extends through the passivation layer 50 and
exposes the etch stop layer 48. As shown in FIG. 2D, the
photoresist layer 52 (FIG. 2C) is next stripped from the
underlying passivation layer 50. This process typically
involves subjecting the photoresist layer 52 to a dry strip-
ping step, followed by a wet-stripping step. Next, as shown
in FIG. 2E, the etch stop layer 48 is removed to expose the
top surface of the top metal line 46¢ through the plate
opening 51. This may be followed by a dry and wet stripping
process to remove polymer residues from the interconnect
structure 40.

[0026] As shown in FIG. 2F, a protective plate 56 is next
formed in the plate opening 51, on top of the top metal line
46¢. This step may be carried out using an electrochemical
plating technique, or alternatively, an electroless plating
technique. The protective plate 56 may be a material such as
Ag, an Ag alloy, Au, an Au alloy, Pt, a Pt alloy, a solder alloy
or combinations thereof. Alternatively, the protective plate
56 may be multiple layers any of which may be a material
such as Ag, an Ag alloy, Au, an Au alloy, Pt, a Pt alloy, a
solder alloy or combinations thereof. The protective plate 56
may have a thickness about >300 angstroms or <15,000
angstroms.

[0027] After formation of the protective plate 56, the
interconnect structure 40, which forms a part of one of
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multiple IC chips (not shown) fabricated on a semiconductor
wafer (not shown), is bonded to an electronic structure (not
shown). This involves the attachment, typically by gold
wire, of a bonding wire (not shown) to the protective plate
56. The bonding wire is attached to a leadframe (not shown),
which is electrically connected to the electronic structure.
The protective plate 56 is compatible with the chip pack-
aging process and is resistant to pad crystal (F-pad) defects
which characterize conventional aluminum bonding pads.
Furthermore, the protective plate 56 is effective to prevent
oxidation, corrosion of the underlying top metal line 46¢ and
avoids scratching and peeling which also characterize con-
ventional aluminum bonding pads.

[0028] A flow diagram which summarizes sequential pro-
cess steps carried out according to the method of the present
invention is shown in FIG. 3. In process step 1, an etch stop
layer and a passivation layer are sequentially deposited on a
top metal line of a metal interconnect structure. In process
step 2, a photoresist layer is patterned and developed on the
passivation layer and a plate opening is etched in the
passivation layer. In process step 3, the photoresist layer is
stripped from the passivation layer. In process step 4, the
etch stop layer is removed from the top metal line. In process
step 5, a dry and wet stripping process is carried out to
remove polymer residues from the interconnect structure. In
process step 6, a protective plate is prepared to be deposited
on top of the top metal line in the plate opening of the
passivation layer.

[0029] Referring next to FIG. 4, another embodiment of
an interconnect structure 60 fabricated according to the
present invention is shown. The interconnect structure 60
includes a substrate 62 which may be a silicon wafer
substrate, a dielectric layer or a metal layer, for example. A
dielectric layer 64, which may be an intermetal dielectric
(IMD) or interlayer dielectric (ILD), is formed on the
substrate 62. A metal plug 66 extends through a plug
opening 67 etched through the dielectric layer 64. A metal
line 68 is formed on the dielectric layer 64 and in electrical
contact with the metal plug 66. The metal line may be Cu,
Al, Ag, Au, Pt or AlCu, for example.

[0030] A passivation layer 70 is formed on the dielectric
layer 64 and metal line 68. A plate opening 72 extends
through the passivation layer 70. A protective plate 74 is
formed in the plate opening 72, on top of the metal line 68.
The protective plate 74 may be Ag, an Ag alloy, Au, an Au
alloy, Pt, a Pt alloy, a solder alloy, or combinations thereof,
for example, and may be a single or multiple layers. The
protective plate 74 has a thickness of typically about
300~15,000 angstroms and may be formed using, for
example, electrochemical plating or electroless plating. A
bonding wire 76 may be bonded to the metal line 68 to
connect the interconnect structure 60 to a leadframe (not
shown) which is electrically connected to an electronic
structure (not shown) of which the interconnect structure 60
is a part.

[0031] While the preferred embodiments of the invention
have been described above, it will be recognized and under-
stood that various modifications can be made in the inven-
tion and the appended claims are intended to cover all such
modifications which may fall within the spirit and scope of
the invention.
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What is claimed is:
1. A method of forming a protective structure on a top
metal line on an interconnect structure, comprising:

providing a passivation layer on said top metal line;

providing a plate opening (or bonding pad) in a passiva-
tion layer on said top metal line; and

forming a noble metal layer in said plate opening on said

top metal line.

2. The method of claim 1 wherein said top metal line is a
material selected from the group consisting of Cu, Al.

3. The method of claim 1 wherein said passivation layer
comprises single passivation layer.

4. The method of claim 1 wherein said protective plate is
a material selected from the group consisting of Ag, an Ag
alloy, Au, an Au alloy, Pt, a Pt alloy, a solder alloy, and
combinations thereof.

5. The method of claim 1 wherein said protective plate
comprises multiple layers.

6. The method of claim 1 wherein said protective plate
comprises multiple layers and each of said multiple layers is
a material selected from the group consisting of Ag, an Ag
alloy, Au, an Au alloy, Pt, a Pt alloy, a solder alloy, and
combinations thereof.

7. The method of claim 1 wherein said protective plate has
a thickness of less than about 15,000 angstroms.

8. The method of claim 1 wherein said protective plate has
a thickness of greater than about 300 angstroms.

9. The method of claim 1 wherein said forming a protec-
tive plate comprises forming a protective plate using elec-
trochemical plating.

10. The method of claim 1 wherein said forming a
protective plate comprises forming a protective plate using
electroless plating.

11. A semiconductor device structure comprising:

a substrate;

a dielectric layer provided on said substrate;
a metal plug provided in said dielectric layer;
a metal line provided on said metal plug;

a passivation layer having a plate opening provided on
said dielectric layer; and

a protective plate provided on said metal line in said plate

opening.

12. The semiconductor device structure of claim 11
wherein said metal line is a material selected from the group
consisting of Cu, Al, Ag, Au and Pt.

13. The semiconductor device structure of claim 11
wherein said protective plate is a material selected from the
group consisting of Ag, an Ag alloy, Au, an Au alloy, Pt, a
Pt alloy, a solder alloy, and combinations thereof.

14. The semiconductor device structure of claim 11
wherein said protective plate comprises multiple layers.

15. The semiconductor device structure of claim 11
wherein said protective plate comprises multiple layers and
each of said multiple layers is a material selected from the
group consisting of Ag, an Ag alloy, Au, an Au alloy, Pt, a
Pt alloy, a solder alloy, and combinations thereof.

16. The semiconductor device structure of claim 11
wherein said protective plate has a thickness of less than
about 15,000 angstroms.
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17. The semiconductor device structure of claim 11
wherein said protective plate has a thickness of greater than
about 300 angstroms.

18. The semiconductor device structure of claim 11
wherein said protective plate is formed using electrochemi-
cal plating.

19. The semiconductor device structure of claim 11
wherein protective plate is formed using electroless plating.

20. A semiconductor device structure comprising:

a substrate;

a metal line provided on said substrate;
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a passivation layer provided on said metal line; and

a protective plate provided in said passivation layer over

said metal line.

21. The semiconductor device structure of claim 20
wherein said metal line is a material selected from the group
consisting of Cu, Al, Ag, Au and Pt.

22. The semiconductor device structure of claim 20
wherein said protective plate is a material selected from the
group consisting of Ag, an Ag alloy, Au, an Au alloy, Pt, a
Pt alloy, a solder alloy, and combinations thereof.
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