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(57) ABSTRACT

A new post-passivation metal interconnect scheme is pro-
vided over the surface of a IC device that has been covered
with a conventional layer of passivation. The metal scheme of
the invention comprises, overlying a conventional layer of
passivation, thick and wide metal lines in combination with
thick layers of dielectric and bond pads. The interconnect
system of the invention can be used for the distribution of
power, ground, signal and clock lines from bond pads to
circuits of a device that are provided in any location of the IC
device without introducing significant power drop. No, or
smaller ESD circuits are required due to the low impedance
post-passivation interconnection, since any accumulated
electrostatic discharge will be evenly distributed across all
junction capacitance of the circuits on the chip. The post
passivation metal scheme is connected to external circuits
through bond pads, solder bonding, TAB bonding and the
like. A top layer of the interconnect metal scheme is formed
using a composite metal for purposes of wirebonding, the
composite metal is created over a bulk conduction metal. A
diffusion metal may be applied between the bulk metal and
the composite metal, in addition a layer of Under-Barrier-
Metal (UBM) may be required underneath the bulk conduc-
tion metal.
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1
POST PASSIVATION METAL SCHEME FOR
HIGH-PERFORMANCE INTEGRATED
CIRCUIT DEVICES

Matter enclosed in heavy brackets [ ] appears in the
original patent but forms no part of this reissue specifica-
tion; matter printed in italics indicates the additions
made by reissue.

[This application] More than one Reissue Application has
been filed for the reissue of U.S. Pat. No. 6,605,528. The
Reissue Applications are Ser. No. 11/518,595 (the present
application), filed on Sep. 8, 2006, Ser. No. 11/518,596, filed
on Sep. 8, 2006, Ser. No. 11/518,592, filed on Sep. 8, 2006,
Ser. No. 11/518,598, filed on Sep. 8, 2006, Ser. No. 11/518,
594, filed on Sep. 8, 2006, Ser. No. 11/730,607, filed on Apr. 3,
2007, Ser. No. 11/730,608, filed on Apr. 3, 2007, Ser. No.
11/730,609, filed on Apr. 3, 2007, Ser. No. 11/730,610, filed
onApr. 3,2007, Ser. No. 11/730,611, filed on Apr. 3, 2007, Ser.
No. 11/730,612, filed on Apr. 3, 2007, Ser. No. 11/730,613,
filed on Apr. 3, 2007, Ser. No. 11/930,140, filed on Oct. 31,
2007, Ser. No. 11/930,151, filed on Oct. 31, 2007, Ser. No.
11/930,1686, filed on Oct. 31, 2007, Ser. No. 11/930,174, filed
on Oct. 31, 2007 and Ser. No. 11/930,179, filed on Oct. 31,
2007, all of which are Continuation Reissues of Ser. No.
11/203,646, now pending, filed on Aug. 12, 2005 now aban-
doned, which is a reissue of Ser. No. 10/004,027, now U.S.
Pat. No. 6,605,528 filed on Oct. 24, 2001, which is a Continu-
ation-in-Part of [MEGO00-005, filed on Oct. 18, 2000,] Ser.
No. 09/691,497, now U.S. Pat. No. 6,495,442 [assigned to a
common assignee], filed on Oct. 18, 2000.

[RELATED PATENT APPLICATION]

[This application is related to MEGO01-010, Ser. No.
09/998,862, filed on Oct. 24, 2001, assigned to a common
assignee.]

BACKGROUND OF THE INVENTION

(1) Field of the Invention

The invention relates to the fabrication of integrated circuit
devices, and more particularly, to a post passivation scheme
that provides low-resistance metal interconnects in addition
to bond pads on the surface of an Integrated Circuit device
that is covered with a conventional layer of passivation.

(2) Description of the Prior Art

Improvements in semiconductor device performance are
typically obtained by scaling down geometric dimensions of
the Integrated Circuit (IC) devices, resulting in decreasing the
cost per device while improving device performance. Metal
connections, which connect the Integrated Circuit to other
circuit or system components, become of relative more
importance and have, with the further miniaturization of the
IC, an increasingly negative impact on device performance.
Parasitic capacitance and resistance of the metal interconnec-
tions increase, which degrades the chip performance signifi-
cantly. Of most concern in this respect is the voltage drop
along the power and ground buses and the RC delay of the
critical signal paths. Attempts to reduce metal interconnect
resistance by using wider metal lines result in higher capaci-
tance of these wires.

To solve this problem, one approach has been is to develop
low resistance metal (such as copper) for the wires while low
dielectric materials are used in between signal lines. Current
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practice is to create metal interconnection networks under a
layer of passivation. This approach however limits the inter-
connect network to fine-line interconnects, which is associ-
ated with low parasitic capacitance and high line resistance.
The latter two parameters, because of their relatively high
values, degrade device performance, an effect which
becomes even more severe for high-frequency applications
and for long interconnect lines that are, for instance, typically
used for clock distribution lines. Also, fine-line interconnect
metal cannot carry high values of current that is typically
needed for ground busses and for power busses.

It has previously been stated that it is of interest to the
semiconductor art to provide a method of creating intercon-
nect lines that removes typical limitations that are imposed on
the interconnect wires, such as unwanted parasitic capaci-
tances and high interconnect line resistance. The invention
provides such a method. An analogy can be drawn in this
respect, as follows: the currently used fine-line interconnec-
tion schemes, which are created under a layer of passivation,
are the streets in a city. In the post-passivation interconnection
scheme of the present invention, the interconnections that are
created above a layer of passivation can be considered the
freeways between cities.

Due to the current trend in the creation of IC devices, the
interconnection metal lines become thinner and the operating
voltages that are applied to the devices become lower. For
current sub-micron devices, with interconnect lines having a
cross-section of about 0.18 pm, the voltage that is applied to
the internal circuits is typically about 2.0 Volts or less. For
such low voltage supplies, the IR voltage drop that is intro-
duced by the interconnect lines has a relatively large impact
on device functionality and performance, this in particular for
circuits within a device that are removed by a considerably
distance from bond pads. Most seriously affected are circuits
that are located in the center of a device with wire-bonding
pads located at the periphery of a chip, for those devices the
IR drop that is introduced by interconnect lines can cause
either device malfunction or a degradation in the operational
speed of the device. The invention addresses these concerns.

SUMMARY OF THE INVENTION

A principle objective of the invention is to provide a low
impedance metal interconnect system with bond pads on top
of a Integrated Circuit device that is covered with a conven-
tional layer of passivation.

Another objective of the invention is to provide a scheme
for metal interconnects with bond pads that negates the
effects of IR voltage drops introduced by the interconnect
wires for applications where a voltage supply of2 Volts or less
is used.

Yet another objective of the invention is to provide a low-
cost, high-performance post passivation metal interconnec-
tion system with bond pads that allows interconnection of
power, ground, signal and clock lines over long distances.

A still further objective of the invention is to provide a
low-cost, high-performance post passivation metal intercon-
nection system that allows interconnection of power, ground,
signal and clock lines to relatively far removed bond pads
without introducing significant IR voltage drop introduced by
the metal interconnect system.

In accordance with the objectives of the invention a new
post-passivation metal interconnect scheme is provided over
the surface of an IC device that has been covered with a
conventional layer of passivation. The metal scheme of the
invention comprises, overlying a conventional layer of passi-
vation, thick and wide metal lines in combination with thick
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layers of dielectric and bond pads. The interconnect system of
the invention can be used for the distribution of power,
ground, signal and clock lines from bond pads to circuits of a
device that are provided in any location of the IC device
without introducing significant power drop. The post passi-
vation metal scheme is connected to external circuits through
wirebonding pads, solder bonding, TAB bonding and the like.
A top layer of the interconnect metal scheme is formed using
a composite metal for purposes of wirebonding. The compos-
ite metal is created by a bulk (low-resistance) conduction
metal covered by a layer of (wire-bondable) metal to which
wire bond connections can be readily made. A diffusion bar-
rier metal may be applied between the bulk metal and the
wire-bondable metal, in addition a layer of Barrier-Metal
(BM) may be required underneath the bulk conduction metal.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a cross section of a silicon substrate over which a
prior art fine-line interconnect network is created over which
a layer of passivation is deposited, power and/or ground pins
are provided through the layer of passivation for external
connection. The structure that is shown in cross section in
FIG. 1 addresses prior art power and ground distribution
networks.

FIG. 2 is a cross section of a silicon substrate over which a
prior art fine-line interconnect network is created over which
alayer of passivation is deposited, clock and/or signal pins are
provided through the layer of passivation for external connec-
tion. The structure that is shown in cross section in FIG. 2
addresses prior art clock and signal distribution networks.

FIG. 3 is a cross section of a silicon substrate over which an
interconnect network is created according to the invention, no
ESD-circuit is provided as part of the structure. A power/
ground contact pad is provided through the surface of a layer
of dielectric for external connection. The structure that is
shown in cross section in FIG. 3 addresses only power and
ground distribution networks of the invention.

FIG. 4 is a cross section of a silicon substrate over which an
interconnect network is created according to the invention, no
EDS circuit is provided as part of the structure. A contact pad
is provided through the surface of a layer of dielectric for
external connection. The structure that is shown in cross
section in FIG. 4 addresses clock and signal distribution net-
works of the invention.

FIG. 5 shows a cross section of several overlying and
interconnected layers of interconnect metal and a bond pad
used by the invention for the creation of interconnect metal
above the surface of a layer of passivation.

FIGS. 6 through 10 shows five structures of the invention
for creating overlying layers of interconnect metal thereby
including a wirebonding pad.

DESCRIPTION OF THE PREFERRED
EMBODIMENTS

FIG. 1 shows a cross section of a silicon substrate on the
surface of which has been created a conductive interconnect
network. The structure that is shown in cross section in FIG.
1 addresses prior art power and ground distribution networks.
The various features that have been highlighted in FIG. 1 are
the following:

40, a silicon substrate on the surface of which has been

created an interconnect network

42, a sample number of semiconductor circuits that have

been created in or on the surface of the substrate 40
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44, two electrostatic discharge (ESD) circuits created in or
on the surface of the substrate 40, one ESD circuit is
provided for each pin that is accessible for external
connections (pins 52, see below)

46 is a layer of interconnect lines; these interconnect lines
are above the surface of substrate 40 and under the layer
48 of passivation and represent a typical application of
prior art fine-line interconnects; these fine-line intercon-
nects of layer 46 typically have high resistance and high
parasitic capacitance

48 is alayer of passivation that is deposited over the surface
of the layer 46 of interconnect lines; this conventional
layer 48 of passivation is used to protect the underlying
devices and the underlying fine-line interconnections

50 is a power or ground bus that connects to the circuits 42
via fine-line interconnect lines provided in layer 46; this
power or ground bus is typically of wider metal since
this power or ground bus carries the accumulated current
or ground connection for the devices 42

52 are two power or ground pins that pass through the layer
48 of passivation and that have been connected to the
power or ground bus 50.

From the above the following can be summarized: circuits
are created in or on the surface of a silicon substrate, inter-
connect lines are created for these circuits for further inter-
connection to external circuitry. The circuits are, on a per [/O
pin basis, provided with an ESD circuit, these circuits with
their ESD circuit are connected to a power or ground pin that
penetrates a layer of passivation. The layer of passivation is
the final layer that overlies the created interconnect line struc-
ture, the interconnect line underneath the layer of passivation
are fine line interconnects and have all the electrical disad-
vantages of fine line interconnects such as high resistance and
high parasitic capacitance.

Relating to the cross section that is shown in FIG. 1, the
following comments applies: ESD circuits are, as is known in
the art, provided for the protection of semiconductor circuits
against unexpected electrical charges. For this reason, each
pin that connects to a semiconductor circuit must be provided
with an ESD circuit.

FIG. 2 shows a cross section of a prior art configuration that
resembles the cross section shown in FIG. 1. The structure
that is shown in cross section in FIG. 2 however addresses
clock and signal distribution networks. FIG. 2 shows, in addi-
tion to the previously highlighted aspects of FIG. 1, the fol-
lowing elements:

45 are two ESD circuits that are provided in or on the
surface of the substrate 40; ESD circuits are always
required for any external connection to an input/output
(I/0) pin

45' which are circuits that can be receiver or driver or I/O
circuits for input (receiver) or output (driver) or 1/O
purposes respectively

54 is a clock or signal bus, and

56 are clock or signal pins that have been extended through
the layer 48 of passivation.

The same comments apply to the cross section that is
shown in FIG. 2 as previously have been made with respect to
FIG. 1, with as a summary statement that the layer of passi-
vation is the final layer that overlies the created structure. The
interconnect lines underneath the layer of passivation are fine
line interconnects and have all the electrical disadvantages of
fine line interconnects such as high resistance and high para-
sitic capacitance.

Further applies to the cross section that is shown in FIG. 2,
where pins 56 are signal or clock pins:
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pins 56 must be connected to ESD and driver/receiver or
1O circuits 45

for signal or clock pins 56, these pins must be connected
not only to ESD circuits but also to driver or receiver or
1/O circuits, highlighted as circuit 45" in FI1G. 2

after (clock and signal) stimuli have passed through the
ESD and driver/receiver or I/O circuits, these stimuli are
further routed using, under prior art methods, fine-line
interconnect wires. A layer of passivation is deposited
over the dielectric layer in which the interconnect net-
work has been created.

Itis therefore of interest to the semiconductor art to provide

a method of creating interconnect lines that removes typical
limitations that are imposed on the interconnect wires, such as
unwanted parasitic capacitances and high interconnect line
resistance. In addition, a method must be provided whereby
various types of interconnect lines can be connected to bond
pads without thereby introducing negative effects of voltage
drop or parasitic (resistive and/or capacitive) components.
The invention provides such a method, which will now be
described in detail using FIGS. 3 and 4.

Referring now specifically to FIG. 3, this figure refers to
power and ground interconnects. There is shown in FIG. 3 a
cross section of a silicon substrate 40 over which a intercon-
nect network is created according to the invention, with a
wide and thick wire interconnect network created over a layer
of passivation. A bond pad is provided through the surface of
the thick layer of dielectric for external connection. Follow-
ing are the various elements that are shown in FIG. 3:

40 is the silicon substrate on the surface of which intercon-

nect lines are created in accordance with the invention

42 are semiconductor circuits that are created in or on the
surface of substrate 40, the semiconductor circuits hav-
ing one or more active devices

58 are connection pads to the semiconductor devices 42
thathave been created in or on the surface of substrate 40

60 is a layer of fine-line interconnects that has been created
overlying connection pads 58 to the semiconductor
devices 42

61 is one of the vias or alocal fine line interconnections that
have been provided for layer 60, more such vias or local
fine line interconnections are shown in FIG. 3 but are, for
reasons of simplicity, not highlighted

62 is a layer of passivation that has been deposited overly-
ing the layer 60 of fine-line interconnects. /n creating
layer 62 of passivation, a layer of approximately 0.5 um.
PECVD oxide can be deposited first followed by a layer
of approximately 0.7 um. nitride. Passivation layer 62 is
very important because it protects the device wafer from
moisture and foreign ion contamination. The positioning
of this layer between the sub-micron process (of the
integrated circuit) and the tens-micron process (of the
interconnecting metallization structure) is of critical
importance since it allows for a cheaper process that
possibly has less stringent clean room requirvements for
the process of creating the interconnecting metallization
structure.

63 is one of vias that passes through layer 62 of passivation,
more such vias are shown in FIG. 3 but are, for reasons
of simplicity, not highlighted

64 is a layer of post-passivation dielectric in which, as a
post-passivation metal scheme process, interconnects
have been created; in some applications, the metal can
also be created directly on top of the layer 62 of passi-
vation

74 is the combined (for multiple connection pads in layer
58) power or ground bus
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67 is a via or a local thick metal scheme that is created
overlying the layer 62 of passivation, more such vias or
local thick metal schemes are shown in FIG. 3 but are,
for reasons of simplicity, not highlighted

74' is the power or ground bond pad for the multiple semi-
conductor devices in layer 58.

From the cross section that is shown in FIG. 3, it is clear
that, most importantly, the ability to create interconnects to
semiconductor devices that have been created in or on the
surface of a substrate has been extended. This by creating
these interconnects not only as fine-line interconnects in layer
60 but by extending the interconnect by creation a wide, thick
wire interconnect network overlying a layer of passivation.
The layer of passivation is used to protect the underlying
semiconductor devices and the fine line interconnection from
mobile ions, moisture and other contaminants. No further
passivation layer is required to protect the wide, thick metal
and the dielectrics because the structure is sturdier. Moisture
and mobile ions will not significantly affect the properties and
functionality of the structure. The wide, thick wire intercon-
nectnetwork [is further] is connected to a power/ground bond
pad [68] 74".

This provides immediate and significant benefits in that
these wide, thick lines are further removed from the surface of
the substrate while the wide, thick interconnect network that
is created overlying the layer of passivation can now contain
sturdier, that is thicker and wider lines. Power/ground inter-
connect lines are in addition directly connected to a power/
ground bond pad. The thick, wide metal interconnect lines in
combination with the power/ground pad can be used for
power and ground distribution and for connection of ground/
power signals to the semiconductor devices 42. This distri-
bution of interconnect lines and the interconnect to a ground/
power bond pad takes place above a conventional layer of
passivation and partially replaces and extends the conven-
tional method of having, for purposes of ground/power dis-
tribution, a fine-line distribution interconnect network under
the layer of passivation.

Prior Art

provides an ESD circuit for each pin that is used for exter-

nal input/output interconnect
provides, after ESD stimuli have passed in parallel through
the ESD circuits, a fine-line interconnect network for
further distribution of the power and ground stimuli, and

the fine-line power and ground distribution network is cre-
ated underneath a layer of passivation.

It must, in this respect and related to the above provided
comments, be remembered that power and ground pins do not
require drivers and/or receiver circuitry.

The invention

does not need to create an ESD circuit for each pin that is

used for external input/output interconnect; [this] in
view of the more robust wiring and the power/ground
bond pad that drives the ESD circuit, resulting in
reduced power loss by an unexpected power surge over
the interconnect line, resulting in more power being
delivered to an ESD circuit, and

allows for the power and ground interconnects to be

directly connected to the internal circuits of a semicon-
ductor device, [this] either without an ESD circuit or
with a smaller than regular ESD circuit (as previously
explained).

The method that is used to create the interconnect network
that is shown in cross section in FIG. 3 addresses the use of
power and ground connections. FIG. 3 can be summarized as
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follows: a silicon substrate is provided in the surface of which
have been created semiconductor devices and no electrostatic
discharge (ESD) circuit. A first layer of dielectric is deposited
over the substrate, a fine-line interconnect network is created
in the first layer of dielectric making contact with the active
circuits. A layer of passivation is deposited over the surface of
the first layer of dielectric. A pattern of metal plugs (or, for
low aspect ratio vias and as previously pointed out, direct
interconnects between the overlying layers of metal) is cre-
ated in the layer of passivation that aligns with points of
contact created in the surface of the first layer of dielectric.
One or more layers of dielectric are deposited over the surface
of the layer of passivation, a wide thick line interconnect
network is created in the one or more layers of dielectric,
contacting the ESD and conventional circuits of the device.
For some applications, the first layer of metal of the post-
passivation interconnection scheme can be created on top of
the passivation, without adding thick dielectric in between. A
bond pad serving as a point of electrical contact comprising a
power or ground contact is provided in or on the surface of the
one or more layers of dielectric.

FIG. 3 shows, as highlighted and in summary, a cross
section of a silicon substrate 40 over which a interconnect
network is created according to the invention, with the inter-
connect network created in a thick layer of dielectric overly-
ing a layer of passivation and remaining internal to the thick
layer of dielectric. No ESD, receiver, driver or /O circuit
access pin is provided through the surface of the layer of
dielectric for external to internal interface. Shown in FIG. 3 is
the power/ground bus interconnect line 74, providing for an
interconnect scheme of thick, wide lines overlying a passiva-
tion layer 62. Due to the thick, wide lines of the interconnect
network that is created overlying a layer 62 of passivation, the
power/ground distribution can take place entirely within the
interconnect layer 64. If there is ESD stimuli, it will be spread
out and be dissipated through all the junction of circuits 42.
This can be achieved through all the low impedance metal
scheme of the invention. For fine line interconnections, the
ESD stimuli cannot be distributed and would destroy the
junction near the I/O pin. In addition and as highlighted in the
cross section of FI1G. 3, the power/ground bus 74 is connected
to a bond pad 74', allowing direct and relatively loss-free
connection of the power/ground signals to the semiconductor
circuits 42.

The reason why the circuit configuration that is shown in
the cross section of FIG. 3 does not required the use of ESD
circuits is basically attributable to the very low impedance of
the post-passivation interconnect provided by the invention.
That is layer 64, FIG. 3, which is a layer of post-passivation
dielectric in which, as a post-passivation metal scheme pro-
cess of the invention, interconnects have been created. The
accumulated electrostatic discharge will be evenly distributed
to the circuits 42 without thereby experiencing a significant
resistance. The junction capacitance of all the circuits act as a
collective and relatively large ESD circuit, that is the collec-
tive junction capacitance of circuits 42 is large enough that no
ESD circuit is required. In prior art fine-line interconnect
applications, the electrostatic charge will find the path of
lowest resistance, which is the circuit that is close to the bond
pad of the device, and destroy that circuit. This chain of events
of prevented by the post-passivation interconnect scheme of
the invention.

The cross section that is shown in FIG. 4 is identical to the
cross section that has been shown in FIG. 3, the difference
being that the cross section shown in FIG. 4 provides for
clock/signal pulses provided over clock/signal bus 74 and the
bond pad 74'. The method that is followed for the creation of
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the structure that is shown in cross section in FIG. 6 is there-
fore the same as the previously highlighted method that is
used for the creation of the structure of FIG. 3.

It must further be emphasized that, where FIGS. 3 and 4
show a fine-line interconnect network 60 that underlies the
layer 62 of passivation, the invention also enables for and can
be further extended with the complete elimination of the
fine-line interconnect network 60 and creating an intercon-
nect network 64 that uses only thick, wide wires. For this
application of the invention, the first layer of dielectric 60 is
not applied, the layer 62 of passivation is deposited directly
over the surface of the created semiconductor devices 58 in or
on the surface of substrate 40.

It is further of value to briefly discuss the above imple-
mented and addressed distinction between fine-line intercon-
nect lines and wide, thick interconnect lines. The following
points apply in this respect:

the prior art fine line interconnect lines are created under-

neath a layer of passivation, the wide, thick interconnect
lines of the invention are created above a first and second
layer of passivation

the fine-line interconnect lines are typically created in a

layer of inorganic dielectric, the thick wide interconnect
lines are typically created in a layer of dielectric com-
prising polymer. This because an inorganic material can-
not be deposited as a thick layer of dielectric because
such a layer of dielectric would develop fissures and
crack as a result

fine-line interconnect metal is typically created using

methods of sputter with resist etching or of damascene
processes using oxide etch with electroplating after
which CMP is applied. Fither one of these two
approaches cannot create thick metal due to cost consid-
erations or oxide cracking

thick, wide interconnect lines can be created by first sput-

tering a thin metal base layer, coating and patterning a
thick layer of photoresist, applying a thick layer of metal
by electroplating, removing the patterned photoresist
and performing metal base etching (of the sputtered thin
metal base). This method allows for the creation of a
pattern of very thick metal, metal thickness in excess of
1 um can in this manner be achieved while the thickness
of the layer of dielectric in which the thick metal inter-
connect lines are created can be in excess of 2 pm

the thick, wide metal is formed after formation of the layer

of passivation. The semiconductor devices and the fine
line interconnection are already well protected by the
layer of passivation from mobile ions, moisture and
other contaminants. The wide, thick wire can then be
formed using unconventional processes which however
in most Integrated Circuit fabrication facilities are
restrictive in use in for instance applying polymers, Au,
Cr, Ni dry film etc. Furthermore, environmental require-
ments during fabrication can be relaxed.

This completes discussion of the various structures that are
provided by the invention. The post-passivation interconnec-
tion scheme can be a single layer of metal or can be more than
one layer of metal. Where a single layer of metal is used, the
post-passivation interconnection scheme provides both low-
resistance interconnection and bond pad capabilities. For
applications using more than one layer of metal, the bottom
layer of metal is provided for low-resistance interconnect
purposes while the top layer of metal provides both low
resistance interconnect and bond pad capabilities.

Therefore, the post passivation interconnect structure of
the present invention comprises a thick, wide metallization
system formed above the passivation layer 62, wherein the
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thick, wide metallization system is used as a distribution
network for a clock or signal voltage, and wherein the thick,
wide metallization system is connected to the one or more
internal civcuits, whervein the thick, wide metallization system
comprises a metal in the thick, wide metallization system
greater than about 1 micrometer in thickness and one or more
thick layers of dielectric, wherein the thick layers of dielectric
each have a thickness greater than about 2 micrometers.
The bond pads, such as are highlighted as elements 74' in
FIGS. 3 and 74' in FIG. 4, can be connected to external
circuits by solder bonding, wirebonding, tape-automated
bonding (TAB) and the like. As an example, the bond pad
exposed through opening 17, FIG. 5, is connected to external
circuitry by means of bond wire 18. To achieve both the
low-resistance interconnect and wire-bonding capabilities,
the top layers 15/16 in FIG. 5, must comprise a first metal, for
instance copper, for purposes of low-resistance, and a second
metal, for example Au, for purposes of wire-bonding. A layer
of metal, for instance Ni, is required as a diffusion barrier.
Where a layer of copper is used, a layer of adhesion material,
such as Cr, must be created underneath the layer of copper.
Thetop layer of metal preferably comprises a composite layer
of'metal such as Cr/Cu/Ni/Au. Where a bottom layer of metal,
such as layer 14 in FIG. 5, is only used for low-resistance
conduction, only low-resistance copper is required for this
layer. A layer of Cr may also be required underneath the layer
of'low-resistance copper for adhesion purposes while a layer
of'Ni is required overlying the layer of low-resistance copper
for applications where protection of the surface of the layer of
copper is required.
In sum: for purposes of providing both wire-bonding capa-
bilities and of achieving low IR voltage drop along the inter-
connections, the metallurgy of the top layer of metal requires
a bulk conduction metal such as copper, gold, aluminum, and
the like, in addition to a wire bondable metal such as gold and
aluminum is required. In addition, a layer of diffusion barrier
material, such a Ni, is required between and overlying the
bulk conduction metal and the wire-bondable metal. Further-
more, a layer of adhesion material and a barrier layer may also
be required under the bulk conduction metal.
For some applications, the low-resistance metal, such as
Au and Al, can also be used for wire-bonding purposes, in
which case, the metallurgy becomes simpler. As an example,
layer 14 and 15, FIG. 5, can both comprise TiW/Au whereby
TiW is used as the adhesion layer.
First highlighted will be the cross section that is shown in
FIG. 5, this cross section is to be viewed as an example of
creating overlying interconnects through one or more layers
of dielectric, highlighted in the cross section of FIG. 5 are:
40, the cross section of the surface of a silicon substrate
42, active semiconductor devices that have been created in
or on the surface of substrate 40

60, a layer of dielectric in and through which fine-line
interconnect wires have been created; these interconnect
wires make contact with the underlying active semicon-
ductor devices 42 and have in addition been provided
with points of electrical contact or top metal in the sur-
face of layer 60

10, two examples of top metal that has been provided in the
surface of layer 60, making contact with the fine-line
interconnect wires that have been created in layer 60

62, alayer of passivation deposited over the surface of layer
60, including the surface of top metal contacts 10; the
passivation layer 62 is used to protect the underlying
active devices (layer 42) and the fine-line interconnec-
tions (layer 60 of dielectric)
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11,12 and 13 respectively a first, a second and a third thick
layer of dielectric; these three layers of dielectric sig-
nificantly are created over the surface of layer 62 of
passivation and are the layers of dielectric in and through
which the thick interconnect metal of the invention is
created, including at least one contact pad in the surface
of the upper layer of dielectric that makes electrical
contact with the thick interconnect metal of layers [11,
12 and 13] 74, 15 and 16; for purposes of cost-reduction,
the layer 11 can be omitted, i.e. the layer 14 of metal is
directly formed on the surface of the layer 62 of passi-
vation

14, a first layer of patterned and etched metal overlying first
layer 11 of dielectric and being in contact with top metal
10 by means of openings created through the first layer
11 of dielectric and the layer 62 of passivation

15 and 16, a second layer of patterned and etched metal
overlying second layer 12 of dielectric and being in
contact with the first layer 14 of patterned and etched
metal by means of openings created through the second
layer 12 of dielectric; layer 16 can for instance serve as
a contact pad, layer 15 provides further interconnect to
surrounding circuitry (not shown); layers 15 and 16 can
be used for purposes other than forming contacts, these
layers can also be used as conductive layers such as
layers of signal interconnects

17, an opening created through the third layer 13 of dielec-
tric, exposing the surface of patterned and etched layer
16 of metal, forming a contact pad over the surface of
this exposure

18, a wire bond connection that establishes electrical con-
tact between the contact pad 16 and surrounding cir-
cuitry (not shown).

The composition of layers 14, 15 and 16 has been previ-

ously discussed and can be summarized as follows:

layer 14 can comprise a compound layer of Cr/Cu/Ni
where the layer of Cu forms the bulk, low-resistance
layer of metal, the lower layer of Cr provides adhesion to
the overlying layer of Cu and the upper layer of Ni
protects the surface of the layer of copper, and

layers 15 and 16 can comprise a compound layer of Cr/Cu/
Ni/Au where the layer of copper provides the bulk, low-
resistance layer of metal, the lower layer of Cr provides
adhesion to the overlying layer of Cu and the underlying
polyimide, the layer of Ni overlying the layer of Cu
serves as a diffusion barrier layer while the upper layer
of Au is the wire-bondable layer of metal.

FIGS. 6 through 10 show specific methods and structures
for the thick, heavy interconnect scheme and the wire-bond-
ing pad of the invention. These methods and structures will
now discussed in detail. It must thereby be kept in mind that
the invention provides for a post-passivation interconnect
scheme for the interconnections to external circuits. This
interconnect to external circuits is typically provided by
methods of solder bonding. The significant difference
between conventional methods of interconnecting to external
circuits is that the invention combined a new, post-passivation
interconnect scheme with using wire-bonding techniques. In
this manner, the invention solves the problem of typically
experiences high IR voltage drop across interconnect lines. A
significant aspect of the invention is further that it allows the
application of widely available wire-bonding infrastructure
and thereby negates the need for relatively expensive methods
of solder bonding flip chips.

The cross sections that are shown in FIGS. 5 through 10
focus on using a wire bonding approach for creating a chip
and by applying post-passivation interconnections for the
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connection of the device to external circuits. The post-passi-
vation can be a single layer of metal or can comprise multiple
layers of metal. A first layer of metal in the post-passivation
process is typically on the surface of a thick layer of dielectric.
For purposes of cost-reduction, this first layer of metal can
also be created directly overlying the surface of the layer of
passivation.
Only the upper-most layer of metal that is created using the
post-passivation scheme of the invention must provide a
metal configuration that has both low resistance and good
wire bonding capabilities. Lower lying layers of metal need
only provide low resistance interconnects and can therefore
comprise a bulk metal such as copper that is typified by
low-resistance. The invention provides special insight into
the creation of the upper-most layer of metal, which must
have both low-resistance and good wire bonding capabilities.
For purposes of low-resistance, the invention provides a
bulk metal such as Cu, Au, Al and the like. For wire-bonding
purposes, the invention provides a metal of good wire-bond-
ing characteristics such as Au, Al and the like.
Where Au or Al is used as the interconnect metal, the metal
scheme is relatively simple since both of these metals have
low-resistance and good wire-bonding characteristics. This
will be further highlighted using the cross section of FIG. 6
and FIG. 9 for Au and Al, respectively.
Where Cu is used as the interconnect metal, in view of the
low-resistance of Cu, a layer of wire-bondable metal such as
Au or Al is additionally required. For this application, a layer
of diffusion barrier material, such as Ni, is required between
the layer of Cu and the overlying layer of Au. In addition, a
adhesion layer, for instance comprising Cr, is required
between the layer of Cu and the underlying layer of dielectric
(polyimide). This will be further highlighted using the cross
section of FIGS. 7 and 8.
Specifically referring to the cross section that is shown in
FIG. 6, the following elements of this structure are high-
lighted:
40, the cross section of [the surface of] a silicon substrate
42, active semiconductor devices that have been created in
or on the surface of substrate 40

60, a layer of dielectric in and through which fine-line
interconnect wires have been created; these interconnect
wires make contact with the underlying active semicon-
ductor devices 42 and have in addition been provided
with points of electrical contact or top metal in the sur-
face of layer 60

10, top metal that has been provided in the surface of layer
60, making contact with the fine-line interconnect wires
that have been created in layer 60

62, alayer of passivation deposited over the surface of layer
60, including the surface of top metal contact 10

11 a first thick layer of dielectric; this layer 11 of dielectric
is created over the surface of layer 62 of passivation; for
purposes of-cost-reduction, the first layer 11 of dielec-
tric can be omitted in some applications
19 and 20, layers of patterned and etched metal forming a
bonding pad/low resistance interconnect layer. The
upper layer 20 comprises a selected metal which is
selected for purposes of providing low-resistance inter-
connect while this layer can simultaneously be used for
wire-bonding purposes, preferably using Au or Al. The
lower layer 19 is used for purposes of adhesion to the
layer of dielectric as well as for forming a diffusion layer
to the contact pad 10.

The processing flow that is provided for the creation of the
structure that has been shown in cross section in FIG. 6
is as follows:
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1. conventionally performing Front-Of-Line (FOL) process-
ing, comprising processing of layer 42 of active semicon-
ductor devices, layer 60 of fine-line interconnect metal
thereby including the creation of top metal 10 and layer 62
of passivation

2. patterning and etching an opening through the layer 62 of
passivation, this opening being aligned with a portion of
the top metal 10, exposing the surface of top metal 10; it is
clear that where at this time only one opening is indicated,
the invention is not limited to the creation of one opening
through the layer 62 of passivation but can create as many
openings as are desired for a device layout

3. depositing a first layer 11 of dielectric, preferably compris-
ing polyimide; for purposes of cost reduction, this layer can
be omitted in some applications

4. patterning and etching the deposited first layer 11 of dielec-
tric, creating an opening through this first layer of dielec-
tric; this opening being aligned with the opening that has
been created through the layer 62 of passivation, making
this opening being aligned with a portion of the layer 10 of
top metal

5. successively creating layers of barrier metal such as TiW
[(ayer 19)] over which a layer [(layer 20)] of Au or Al is
created, preferably using the method of metal sputtering
for the creation of these layer 19 of metal; it must specifi-
cally be noted that layer 19 is a composite sputtered layer
comprising about 3,000 Angstrom of TiW and about 1,000
Angstrom of Au[; layer 20 is a thick layer of Au created by
using electroplating techniques; layer 20 is therefore not
only used as a bond pad but can additionally be used for
interconnect wiring; these latter comments further empha-
size that the invention provides for the creation of a metal
system that can be simultaneously used for the creation of
conductive interconnect traces and for wire bonding pur-
poses; it must as a consequence be pointed out that aspects
of separately creating either interconnect traces or wire
bond pads are not addressed or provided for by the inven-
tion].

6. creating an exposure mask, preferably comprising photo-
resist, over the surface of sputtered layers 19, this mask
exposing these layers over a surface area of the metal layers
19 that is to form as a metal system that can be simulta-
neously used for low resistance conduction and wire bond-
ing, this mask exposing the surface areas where the wiring
and the bond pad are required

7.applying a Au plating to the exposed surface of the layer 19;
layer 20 is a thick layer of Au created by using electroplat-
ing techniques; layer 20 is therefore not only used as abond
pad but can additionally be used for interconnect wiring;
these latter comments further emphasize that the invention
provides for the creation of a metal system that can be
simultaneously used for the creation of conductive inter-
connect traces and for wire bonding purposes; it must as a
consequence be pointed out that aspects of separately cre-
ating either interconnect traces or wire bond pads are not
addressed or provided for by the invention

8. removing the exposed photoresist, and

9. etching layers 19 using the plated Au is a mask. Thus, a
metal system has been created for low-resistance intercon-
nects and for wire-bonding purposes.

The cross section that is shown in FIG. 6 is an application
of the invention where Au or Al is used as the interconnect
metal. As previously pointed out, the metal scheme is rela-
tively simple since both of these metals have low-resistance
and good wire-bonding characteristics. The layer of Cu or Al
forms the low-resistance interconnect layer while this metal
can also be used for good wire-bonding purposes. A Au layer
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can be created using conventional electroplating technology.
In addition, since Au is an inert metal, a layer of Au does not
require an overlying layer of polyimide.

Therefore, the method of providing at least one bond pad
over the surface of the post-passivation interconnection
structure may comprise the steps of':

providing a substrate 40, active devices 42 having been
created in or on the surface of the substrate 40, a layer
60 of fine-line interconnect metal including top metal 10
being connected to the active devices 42 having been
provided over the surface of the substrate 40, a layer 62
of passivation having been provided over the surface of
the layer 60 of fine-line interconnect metal;

patterning and etching an opening through the layer 62 of
passivation, this opening being aligned with a portion
10 of the top metal, exposing the surface 10 of top metal;

successively creating a first layer (one layer of layers 19) of
metal comprising TiW over which a second layer metal
(one layer of layers 19) comprising Au is created, pref-
erably using the method of metal sputtering for the cre-
ation of these layers 19;

creating an exposurve mask (not shown in FIG. 6), prefer-
ably comprising photoresist, over the surface of sput-
tered second layer of metal comprising Au, this mask
exposing the second layer of metal over a surface area
that is to form the low-resistance interconnection and
the bond pad;

applying a bulk metal 20 plating to the exposed surface of
the second layer of metal comprising Au;

removing the exposure mask; and

etching the second layer of metal comprising Au and the
first layer of metal comprising TiW in accordance with
the plated layer 20 of bulk metal, leaving in place the
first and the second layers 19 of metal where the plated
layer 20 of bulk metal plating has been applied, thereby
providing a metal system serving as both low-resistance
conduction and wirebonding pads.

For subsequent cross sections of FIG. 7 through 10, a
number of the elements of the structure and therefore a num-
ber of the related processing steps are commonly valid and
will therefore not be repeated. The processing steps however,
in view of the importance of these step, will, for each of the
cross sections of FIG. 7 through 10, be restated.

For the cross section that is shown in FIG. 7, layers 40
through and including layer 11 are as previously highlighted
under FIG. 6. FIG. 7 has, in addition to or differing with the
elements that have been highlighted under FIG. 6, the follow-
ing elements:

21, a first layer of metal, preferably comprising Cr or Ti or
TiW or a compound thereof; layer 21 serves as an adhe-
sion layer between the overlying layer 22 of Cu and the
underlying layer 11 of dielectric; a thin layer of copper
(not shown) is subsequently sputtered over the surface
21 to serve as a seed layer for the electroplating of layer
22, layer 22 is not yet formed at this time

22, a second layer of metal of the bond pad, preferably
comprising Cu or a Cu compound, selected for its low-
resistance characteristics

23, a third layer of metal of the bond pad, preferably com-
prising Ni or a Ni compound

12, a second layer of dielectric, an opening 25 has been
created through this layer of dielectric, exposing the
surface of layer 23 for the creation of the fourth layer 24
of metal of the bond pad, and

24, a fourth layer of metal of the bond pad, preferably
comprising Au or an Au compound.
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The processing flow that is provided for the creation of the
structure that has been shown in cross section in FIG. 7 is as
follows:

1. conventionally performing Front-Of-Line (FOL) process-
ing, comprising processing of layer 42 of active semicon-
ductor devices, layer 60 of fine-line interconnect metal
thereby including the creation of top metal 10 and layer 62
of passivation

2. patterning and etching an opening through the layer 62 of
passivation, this opening is to be aligned with a portion of
the top metal 10, exposing the surface of top metal 10

3. depositing a first layer 11 of dielectric, preferably compris-
ing polyimide; in some applications, this layer of dielectric
can be omitted for reasons of cost-reduction

4. patterning and etching the deposited first layer 11 of dielec-
tric, creating an opening through this first layer of dielec-
tric; this opening is to be aligned with the opening that has
been created through the layer 62 of passivation making
this opening being aligned with a portion of the layer 10 of
top metal

5. creating layers 21 (comprising Cr or Ti or TiW) and a layer
of Cu (not shown), preferably using the method of metal
sputtering for the creation of these layers of metal

6. creating an exposure mask, preferably comprising photo-
resist, over the surface of sputtered layers 21, this mask
exposing these layers over a surface area of the metal layer
21 that is to form as a bond pad, this mask further covering
all surface areas of the layer [22] 21 that are not serving as
a bond pad

7. applying a Cu [plating (not shown in FI1G. 7)] layer 22 to the
exposed surface of the layer 21

8. applying a Ni plating to the copper plated surface of [lay-
ers] layer 22, creating layer 23

9. removing the exposed photoresist, and

10. etching layer 21 essentially in accordance with the applied
Ni and Cu [plating] layers 23 and 22, leaving in place layer
21 where the Cu and Ni [plating (layer 22 and 23) has]
layers 22 and 23 have been applied, thereby leaving in
place layers 21, 22 and 23 that serve as low-resistance
interconnection, exposing the surface of layer 23, further
exposing the surface of the first layer 11 of dielectric

11. depositing a second layer 12 of dielectric, preferable
comprising polyimide, over the exposed surface oflayer 23
and the exposed surface of the first layer 11 of dielectric

12. patterning and etching the deposited second layer 12 of
dielectric, creating an opening 25 through the second layer
12 of dielectric that aligns with the patterned and etched
layers 21, 22 and 23, exposing the surface of layer 23, and

13. performing electroless gold plating to the exposed surface
of layer 23, creating bond pad 24.

Therefore, the method of providing at least one bond pad
over the surface of the post-passivation interconnection
structure may comprise the steps of':

providing a substrate 40, active devices 42 having been
created in or on the surface of the substrate 40, a layer
60 of fine-line interconnect metal having been provided
over the surface of the substrate 40, at least one layer 10
of patterned top metal having been provided over the
surface of the layer 60 of fine-line interconnect metal,
the at least one layer of patterned top metal having been
connected to the layer 60 of fine-line interconnect metal,
a layer 62 of passivation having been provided over the
surface of the layer 60 of fine-line interconnect metal;
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patterning and etching at least one first opening through
the layer 62 of passivation, the at least one first opening
being aligned with a portion 10 of the at least one layer
of top metal, exposing the surface 10 of the at least one
layer of top metal;
creating a first layer 21 of metal, serving as a diffusion
barrier and an adhesion layer, over the surface of the
layer 62 of passivation, preferably using metal sputter-
ing for the creation of the first layer 21 of metal;

creating a second layer (not shown in FIG. 7) of seed metal
for subsequent processing of electroplating, preferably
using methods of metal sputtering;
creating an exposurve mask (not shown in FIG. 7), prefer-
ably comprising photoresist, over the surface of the
sputtered second layer of metal, the exposure mask
exposing the second layer of metal over a surface area of
the second layer of metal that is to form a low resistance
interconnection;
applying a first metal plating to the exposed surface of the
second layer of metal, creating a third layer 22 of metal
to form a low-resistance interconnection over the
exposed surface area of the second layer of metal;

applying a second metal plating to the exposed surface of
the third layer of metal, creating a fourth layer 23 of
metal to form a diffusion barrier over the surface area of
the thivd layer 23 of metal;

removing the exposure mask;

etching the first and second layers (21 and seed layer) of

metal in accordance with the applied third and fourth
metal plating, thereby leaving in place the first, the sec-
ond, the third and the fourth layers (21, seed layer, 22
and 23) of metal that serve as diffusion barrier, electro-
plating seed layer, low-resistance layer and diffusion
barrier respectively;

depositing a second layer 12 of dielectric, preferably com-

prising polyimide, over the exposed surface of the fourth
layer 23 of metal and the exposed surface of the layer 62
of passivation;
patterning and etching the deposited layer 12 of dielectric,
creating an opening 25 through the layer 12 of dielectric
that aligns with a portion of the patterned and etched
first, second, third and fourth layers (21, seed layer, 22
and 23) of metal, exposing the surface of the fourth layer
23 of metal; and

applying a thivd metal plating to the exposed surface of the
Sfifth layer 24 of metal, preferably using electroless plat-
ing, creating a bond pad.

The cross section that is shown in FIG. 8 has the basic
elements that have been highlighted under FIG. 7, these basic
elements have however been processed in a different manner,
which will become clear in following the processing flow as
this processing flow applies to the cross section of FIG. 8.

The processing flow that is provided for the creation of the
structure that has been shown in cross section in FIG. 8 is as
follows:

1. conventionally performing Front-Of-Line (FOL) process-
ing, comprising processing of layer 42 of active semicon-
ductor devices, layer 60 of fine-line interconnect metal
thereby including the creation of top metal 10 and layer 62
of passivation

2. patterning and etching an opening through the layer 62 of
passivation, this opening is to be aligned with a portion of
the top metal 10, exposing the surface of top metal 10

3. depositing a first layer 11 of dielectric, preferably compris-
ing polyimide; this layer of dielectric can be omitted in
some applications
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4. patterning and etching the deposited first layer 11 of dielec-
tric, creating an opening through this first layer 11 of
dielectric; this opening is to be aligned with the opening
that has been created through the layer 62 of passivation
making this opening being aligned with a portion of the
layer 10 of top metal

5. creating a layer 21 of Cr or Ti or TiW, preferably using the
method of metal sputtering for the creation of these layers
of metal; a thin layer of copper (not shown) is sputtered
over the surface of layer 21 to serve as a seed layer for the
electroplating of overlying layer 22, layer 22 is not yet
formed at this time

6. creating a exposure mask, preferably comprising photore-
sist, over the surface of sputtered layer 21, this mask expos-
ing this layer over a surface area of the metal layer 21 that
is to form as the low resistance interconnection and a bond
pad, this mask further covering all surface areas of the layer
21 that are not serving as a bond pad

7. applying a Cu plating to the exposed surface of the layers
21, creating layer 22

8. applying a Ni plating to the exposed surface of the layers
22, creating layer 23

9. applying a Au plating to the exposed surface of the layers
23, creating layer 24; this essentially creates a three layered
mask of layers 21 (over which a thin layer of copper, not
shown, has been sputtered), 22 and 23

10. removing the exposure mask

11. etching layers 21 (and the thereover sputtered thin layer of
copper) essentially in accordance with the applied Au plat-
ing, leaving in place layers 21, 22, 23 and 24 where the Au
plating has been applied, thereby leaving in place layers 21,
22, 23 and 24 that serve as the low resistance interconnec-
tion and a bond pad, exposing the surface of layer 24,
further exposing the surface of the first layer 11 of dielec-
tric

12. depositing a second layer 12 of dielectric, preferable
comprising polyimide, over the exposed surface oflayer 24
and the exposed surface of the first layer 11 of dielectric

13. patterning and etching the deposited second layer 12 of
dielectric, creating an opening 26 through the second layer
12 of dielectric that aligns with a portion of the patterned
and etched layers 21, 22,23 and 24, exposing the surface of
layer 24.

Therefore, the method of providing at least one bond pad
over the surface of the post-passivation interconnection
structure may comprise the steps of':

providing a substrate 40, active devices 42 having been

created in or on the surface of the substrate 40, a layer
60 of fine-line interconnect metal having been provided
over the surface of the substrate 40, at least one layer 10
of patterned top metal having been provided over the
surface of the layer 60 of fine-line interconnect metal,
the at least one layer 10 of patterned top metal having
been connected to the layer 60 of fine-line interconnect
metal, a layer 62 of passivation having been provided
over the surface of the layer 60 of fine-line interconnect
metal;

patterning and etching at least one first opening through

the layer 62 of passivation, the at least one first opening
being aligned with a portion of the at least one layer 10
of top metal, exposing the surface of the at least one
layer 10 of top metal;

creating a first layer 21 of metal over the surface of the

layer 62 of passivation, preferably using the method of
metal sputtering for the creation of this layer 21 of
metal;
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sputtering a thin second layer (not shown in FIG. 8) over
the surface of the first layer 21 of metal, the second layer
serving as an electroplating seed layer;

creating an exposurve mask (not shown in FIG. 8), prefer-
ably comprising photoresist, over the surface of the
sputtered second layer of metal, the exposure mask
exposing the surface of the second layer of metal over a
surface area that is to serve as a low-resistance inter-
connection and a bond pad;

creating a third layer 22 of metal over the exposed surface
of the second layer of metal;

creating a fourth layer 23 of metal over the exposed surface
of the third layer 22 of metal;

creating a fifth layer 24 of metal over the exposed surface
of the fourth layer 23 of metal;

removing the exposure mask;

etching the first and the second layers (21 and seed layer)
of metal in accordance with the created fifth layer 24 of
metal, leaving in place the first, second, third, fourth and
fifth layers (21, seed layer, 22, 23 and 24) of metal where
the fifth layer 24 of metal has been applied, these layers
serving as a low-resistance interconnection and a bond
pad, exposing the surface of the fifth layer 24 of metal,
further exposing the surface of the layer 62 of passiva-
tion;

depositing a layer 12 of dielectric, preferable comprising
polyimide, over the exposed surface of the fifth layer 24
of metal and the exposed surface of the layer 62 of
passivation;

patterning and etching the deposited second layer 12 of
dielectric, creating an opening 26 through the second
layer of dielectric that aligns with a portion of the pat-
terned and etched first, second, third, fourth and fifth
layers of metal, exposing the surface of the fifth layer 24
of metal, creating a bond pad.

The cross section that is shown in FIG. 9 has the simplest

metal system, a thick sputtered layer of Al is used in this case.

The processing flow that is provided for the creation of the

structure that has been shown in cross section in FIG. 9 is as
follows:

1.

conventionally performing Front-Of-Line (FOL) process-
ing, comprising processing of layer 42 of active semicon-
ductor devices, layer 60 of fine-line interconnect metal
thereby including the creation of top metal 10 and layer 62
of passivation

. patterning and etching an opening through the layer 62 of

passivation, this opening is to be aligned with a portion of
the top metal 10, exposing the surface of top metal 10

. depositing a first layer 11 of dielectric, preferably compris-

ing polyimide; in some applications, this layer of dielectric
can be omitted for cost reasons

4. patterning and etching the deposited first layer 11 of dielec-

tric, creating an opening through this first layer of dielec-
tric; this opening is to be aligned with the opening that has
been created through the layer 62 of passivation making
this opening being aligned with a portion of the layer 10 of
top metal

.creating alayer 21 of Al; this layer of Al is thicker than 1 um

and is preferably created using methods of metal sputtering

. creating an exposure mask, preferably comprising photo-

resist, over the surface of sputtered Al layer 21; this mask
exposes a surface area except the surface of the Al layer 21
that is to form a low-resistance interconnection and a bond
pad, this mask further covering all surface areas of the
metal layer that are not serving as a bond pad
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7. etching the Al metal layer in accordance with the exposure
mask, preferably using wet etching
8. removing the exposure mask
9. depositing a second layer 12 of dielectric, preferable com-
prising polyimide, over the exposed surface of layer [24]
21 and the exposed surface of the first layer 11 of dielectric
10. patterning and etching the deposited second layer 12 of
dielectric, creating an opening 26 through the second layer
12 of dielectric that aligns with a portion of the patterned
and etched layer 21, exposing the surface of layer [24] 21,
the exposed surface of layer [24] 21 serving as a bond pad.
Therefore, the method of providing at least one bond pad
over the surface of said post-passivation interconnection
structure may comprise the steps of':
providing a substrate 40, active devices 42 having been
created in or on the surface of the substrate 40, a layer
60 of fine-line interconnect metal having been provided
over the surface of the substrate 40, at least one layer 10
of patterned top metal having been provided over the
surface of the layer 60 of fine-line interconnect metal,
said at least one layer 10 of patterned top metal having
been connected to said layer 60 of fine-line interconnect
metal, a layer 62 of passivation having been provided
over the surface of the layer 60 of fine-line interconnect
metal;
patterning and etching at least one first opening through
the layer 62 of passivation, said at least one first opening
being aligned with a portion of said at least one layer 10
of top metal, exposing the surface of said at least one
layer 10 of top metal;
depositing a first layer 11 of dielectric over the surface of
said layer 62 of passivation, including at least one open-
ing created through said layer 62 of passivation, said
first layer 11 of dielectric preferably comprising poly-
imide;
patterning and etching the deposited first layer 11 of
dielectric, creating at least one second opening through
this first layer 11 of dielectric, said at least one second
opening being aligned with said at least one first open-
ing through the layer 62 of passivation;
creating a layer 21 of metal over the surface of said first
layer 11 of dielectric including inside surfaces of said
second opening created through said first layer 11 of
dielectric, preferably using the method of metal sputter-
ing for the creation of this layer 11 of metal;
creating an exposure mask (not shown in FIG. 9), prefer-
ably comprising photoresist, over the surface of sput-
tered layer 21 of metal, said exposure mask covering this
layer over a surface area of the metal layer 21 that is to
serve as a low-resistance interconnection and a bond
pad;
etching the layer 21 of metal in accordance with the expo-
sure mask, exposing the surface of said first layer 11 of
dielectric;
removing the exposure mask, exposing the surface of said
layer 21 of metal;
depositing a second layer 12 of dielectric, preferable com-
prising polyimide, over the exposed surface of the fourth
layer of metal and the exposed surface of the first layer
11 of dielectric; and
patterning and etching the deposited second layer 12 of
dielectric, creating an opening 26 through the second
layer 12 of dielectric that aligns with a portion of the
patterned and etched layer 21 of metal, exposing the
surface of the layer 21 of metal, the exposed surface of
the layer 21 of metal serving as a bond pad.
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The cross section that is shown in FIG. 10 has the basic
elements that have been highlighted under FIG. 7, these basis
elements have however processed in a different manner
which will become clear in the following processing flow as
this processing flow applies to the cross section of FIG. 10.

The processing flow that is provided for the creation of the
structure that has been shown in cross section in FIG. 10 is as
follows:

1. conventionally performing Front-Of-Line (FOL) process-
ing, comprising processing of layer 42 of active semicon-
ductor devices, layer 60 of fine-line interconnect metal
thereby including the creation of top metal 10 and 10' and
layer 62 of passivation; top metal 10 and 10' is a metal that
is wire-bondable

2. patterning and etching openings 28, 31 and 32 through the
layer 62 of passivation, openings 28 and 31 to be aligned
with a portion of the top metal 10", exposing the surface of
top metal 10'; opening 32 to be aligned with a portion of the
top metal 10, exposing the surface of top metal 10

3. depositing a first layer 11 of dielectric, preferably compris-
ing polyimide; in some applications, this layer of dielectric
can be omitted

4. patterning and etching the deposited first layer 11 of dielec-
tric, creating openings through this first layer of dielectric;
these openings are to be aligned with the openings 28, 31
and 32

5. creating alayer 21 of TiW or Ti or Cr over which a thin layer
of Cu (not shown) is created; the thin layer of copper (not
shown) serves as a seed layer for the electroplating of an
overlying layer

6. creating an exposure mask, preferably comprising photo-
resist, to expose area 100; area 100 can be an interconnect-
ing network covering a large portion of the chip area,
connecting to areas 10', a portion of which forms a wire
bonding pad exposed through opening 28; the length of
area 100 can be large since low resistance interconnect
metal is used, while 10' should be short since higher resis-
tance metal is used

7. applying a Cu plating 22 to the exposed surface of the layer
21 in area 100

8. applying a Ni plating 23 to the exposed surface of the layers
22 in area 100

9. removing the exposure mask

10. etching (the thin layer of copper, not shown) and layer 21
of TiW using the patterned layers 22 and 23 as a mask, for
this etch a H,O, is used, thereby avoiding etch damage to
the surface of layer 10' of aluminum in the bond pad 28

11. depositing a second layer 12 of dielectric, preferably
comprising polyimide, over the complete surface of the
wafer

12. patterning and etching the layer 12 of dielectric outside
area 100", to open region 29, exposing the surface of the
bond pad exposed through opening 28.

Therefore, the method of providing at least one bond pad
over the surface of the post-passivation interconnection
structure may comprise the steps of':

providing a substrate 40, active devices 42 having been

created in or on the surface of the substrate 40, a layer
60 of fine-line interconnect metal including top metal
being connected to the active devices 42 having been
provided over the surface of the substrate 40, the top
metal 10 comprising wire-bondable metal 10', the top
metal 10 comprising at least one first portion of top
metal which comprises a bond pad 10", the top metal 10
further comprising at least one second portion of top
metal that needs to be connected to the first portion of

20

25

30

35

40

45

50

55

60

65

20

top metal, a layer 62 of passivation having been pro-
vided over the surface of the layer 60 of fine-line inter-
connect metal;
patterning and etching a first, second and a third openings
28, 31 and 32 through the layer 62 of passivation, the
first opening 28 being aligned with a portion of the first
portion of top metal, the second opening 31 being
aligned with a portion of the second portion of top metal,
the third opening 32 being aligned with a portion of the
second portion of top metal, exposing the surface of the
first and second portion of top metal;
depositing a first layer 11 of dielectric, preferably compris-
ing polyimide, over the surface of the layer 62 of passi-
vation, including the first, second and third openings 28,
31 and 32 created in the layer 62 of passivation;

patterning and etching the deposited first layer 11 of
dielectric, creating a fourth, a fifth and a sixth openings
through the first layer 11 of dielectric, the fourth opening
29 through the first layer 11 of dielectric being aligned
with the first opening 28 created through the layer 62 of
passivation, the fifth and sixth openings through the first
layer 11 of dielectric vespectively being aligned with the
second and third openings 31 and 32 created through the
layer 62 of passivation;

creating a first layer 21 of metal over the surface of the first

layer 11 of dielectric, creating a second layer (not shown
in FIG. 10) of metal serving as seed layer over the
surface of the first layer 21 of metal;
creating an exposure mask (not shown in FIG. 10), prefer-
ably comprising photoresist, over the surface of the cre-
ated second layer of metal, exposing the second layer of
metal only over the surface area of the second layer of
metal at least in a region over and between the second
and third opening while not exposing the first opening;

creating a patterned third layer 22 of metal over the
exposed surface of the second layer of metal;
creating a patterned fourth layer 23 of metal over the
surface of the patterned third layer 22 of metal;

removing the exposure mask, exposing the surface of the
second layer of metal, leaving in place a mask of the
patterned third and fourth layers 23 of metal in place
overlying the second layer of metal;
etching the second and the first layers (seed layer and 21)
of metal in accordance with the mask of third and fourth
layers 22 and 23 of metal overlying these second and
first layers (seed layer and 21) of metal, thereby avoid-
ing etch damage to the surface of the top metal 10’ in the
bond pad, thereby exposing the surface of the first layer
11 of dielectric;

depositing a second layer 12 of dielectric over the surface
of the patterned fourth layer 23 of metal and the surface
of the first layer 11 of dielectric, preferable comprising
polyimide; and

patterning and etching the deposited second layer 12 of

dielectric, creating an opening through the second layer
12 of dielectric that aligns with the bond pad.

The invention has provided methods and structures for
creating thick, heavy layers of interconnect metal connected
with bond pads over the surface of a conventional layer of
passivation. The invention has further provided processing
sequences for the creation of the bond pads and the thick
heavy layers of metal.

Although the invention has been described and illustrated
with reference to specific illustrative embodiments thereof, it
is not intended that the invention be limited to those illustra-
tive embodiments. Those skilled in the art will recognize that
variations and modifications can be made without departing
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from the spirit of the invention. It is therefore intended to
include within the invention all such variations and modifi-
cations which fall within the scope of the appended claims
and equivalents thereof.

What is claimed is:

[1. A post passivation interconnect structure, comprising:

one or more internal circuits comprising one or more active

devices formed in and on a semiconductor substrate;
afine line metallization system, formed over said semicon-

ductor substrate in one or more thin layers of dielectric;
apassivation layer over said fine line metallization system;

a thick, wide metallization system formed above said pas-

sivation layer, wherein said thick, wide metallization
system is used as a distribution network for a clock or
signal voltage, and wherein said thick, wide metalliza-
tion system is connected to said one or more internal
circuits; and

at least one wire-bondable bond pad created over said thick

layers of dielectric, said at least one bond pad being
connected with said thick, wide metallization system.]

[2. The interconnect structure of claim 1 wherein said
distribution network is connected to said one or more internal
circuits by vias, which are formed through said passivation
layer, and through said one or more thin layers of dielectric.]

[3. The interconnect structure of claim 1 wherein said
distribution network acts as a global distribution for said
clock or signal voltages, and said vias are further connected to
local clock or signal distribution networks, respectively,
formed in said fine line metallization system.]

[4. The interconnect structure of claim 1 wherein said
distribution network acts as a global distribution for said
power and ground voltages, and said vias are further con-
nected to local power and ground distribution networks,
respectively, formed in said fine line metallization system.]

[5. The interconnect structure of claim 1 wherein metal in
said thick, wide metallization system is greater than about 1
micrometer in thickness.]

[6. The interconnect structure of claim 1 wherein said
thick, wide metallization system formed above said layer of
passivation comprises one or more thick layers of dielectric,
said thick layers of dielectric each having a thickness greater
than about 2 micrometers. ]

[7. A method for creating a post passivation interconnect
structure, comprising:

providing one or more internal circuits comprising one or

more active devices formed in and on a semiconductor
substrate;

providing a fine line metallization system, formed over

said semiconductor substrate in one or more thin layers
of dielectric;

providing a passivation layer over said fine line metalliza-

tion system;

providing a thick, wide metallization system formed above

said passivation layer, in one or more thick layers of
dielectric, wherein said thick layers of dielectric are
thicker than said thin layers of dielectric, wherein said
thick, wide metallization system is used as a distribution
network for a clock or signal voltage, and wherein said
thick, wide metallization system is connected to said one
or more internal circuits; and

providing at least one wire-bondable bond pad created over

said thick layers of dielectric, said at least one wire-
bondable bond pad being connected with said thick,
wide metallization system.]

[8. The method of claim 7 wherein said distribution net-
work is connected to said one or more internal circuits by vias,
which are formed through said one or more thick layers of

20

25

30

35

40

45

50

55

65

22

dielectric, through said passivation layer, and through said
one or more thin layers of dielectric.]

[9. The method of claim 7 wherein said distribution net-
work acts as a global distribution for said clock or signal
voltages, and said vias are further connected to local clock or
signal distribution networks, respectively, formed in said fine
line metallization system.]

[10. The method of claim 7 wherein said distribution net-
work acts as a global distribution for said power and ground
voltages, and said vias are further connected to local power
and ground distribution networks, respectively, formed in
said fine line metallization system.]

[11. The method of claim 7 wherein metal in said thick,
wide metallization system is greater than about 1 micrometer
in thickness.]

[12. The method of claim 7 wherein said thick, wide met-
allization system formed above said layer of passivation com-
prises one or more thick layers of dielectric, said thick layers
of dielectric each having a thickness greater than about 2
micrometers.]

[13. The method of claim 7, wherein said providing at least
one bond pad over said post-passivation interconnection
structure comprises the steps of:

providing a substrate, active devices having been created in

or on the substrate, a layer of fine-line interconnect metal
including top metal being connected to said active
devices having been provided over the substrate, a layer
of passivation having been provided over the layer of
fine-line interconnect metal,

patterning and etching an opening through the layer of

passivation, this opening being aligned with a portion of
said top metal, exposing top metal;

successively creating a first layer of metal comprising TiW

over which a second layer metal comprising Au is cre-
ated, preferably using the method of metal sputtering for
the creation of these layers;
creating an exposure mask, preferably comprising photo-
resist, over the sputtered second layer of metal compris-
ing Au, this mask exposing the second layer of metal
over a surface area that is to form the low-resistance
interconnection and the wire-bondable bond pad;

applying a bulk metal plating to the exposed surface of the
second layer of metal comprising Au;

removing the exposure mask, and

etching the second layer of metal comprising Au and the

first layer of metal comprising TiW in accordance with
the plated layer of bulk metal, leaving in place the first
and the second layers of metal where the bulk metal
plating has been applied, thereby providing a metal sys-
tem serving as both low-resistance conduction and wire-
bonding pads.]

[14. The method of claim 13, with additional processing
steps being performed prior to said successively creating a
first layer of metal comprising TiW over which a second layer
of' metal comprising Au is created, said additional steps com-
prising:

depositing a first layer of dielectric, over said layer of

passivation, including said opening created through said
layer of passivation; and

patterning and etching the deposited first layer of dielec-

tric, creating an opening through this first layer of dielec-
tric, this opening being aligned with the opening that has
been created through the layer of passivation.]

[15. The method of claim 13, said bulk metal being selected
from the group consisting of Au and Al.]
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[16. The method of claim 7, wherein said providing at least
one bond pad over said post-passivation interconnection
structure comprises the steps of:
providing a substrate, active devices having been created in
oronthe substrate, a layer of fine-line interconnect metal
having been provided over the substrate, at least one
layer of patterned top metal having been provided over
the layer of fine-line interconnect metal, said at least one
layer of patterned top metal having been connected to
said layer of fine-line interconnect metal, a layer of
passivation having been provided over the layer of fine-
line interconnect metal;
patterning and etching at least one first opening through the
layer of passivation, said at least one first opening being
aligned with a portion of said at least one layer of top
metal, exposing said at least one layer of top metal;

creating a first layer of metal, serving as a diffusion barrier
and an adhesion layer, over said layer of passivation,
preferably using metal sputtering for the creation of the
first layer of metal;

creating an second layer of seed metal for subsequent pro-

cessing of electroplating, preferably using methods of
metal sputtering;
creating an exposure mask, preferably comprising photo-
resist, over the sputtered second layer of metal, said
exposure mask exposing the second layer of metal over
a surface area of the second layer of metal that is to form
a low resistance interconnection;

applying a first metal plating to the exposed surface of the
second layer of metal, creating a third layer of metal to
form a low-resistance interconnection over the exposed
surface area of the second layer of metal;

applying a second metal plating to the exposed surface of

the third layer of metal, creating a fourth layer of metal
to form a diffusion barrier over the surface area of the
third layer of metal;

removing the exposure mask;

etching the first and second layers of metal in accordance

with the applied third and fourth metal plating, thereby
leaving in place the first, the second, the third and the
fourth layers of metal that serve as diffusion barrier,
electroplating seed layer, low-resistance layer and dif-
fusion barrier respectively;

depositing a second layer of dielectric, preferable compris-

ing polyimide, over the exposed surface of the fourth
layer of metal and the exposed surface of said layer of
passivation;

patterning and etching said deposited layer of dielectric,

creating an opening through said layer of dielectric that
aligns with a portion of the patterned and etched first,
second, third and fourth layers of metal, exposing the
fourth layer of metal; and

applying a third metal plating to the exposed surface of the

fifth layer of metal, preferably using electroless plating,
creating a bond pad.]

[17. The method of claim 16, said first layer of metal
comprising an adhesive material between said first layer of
dielectric and said second layer of metal.]

[18. The method of claim 17, said first layer of metal being
selected from the group consisting of Cr and Ti and TiW.]

[19. The method of claim 16, said third layer of metal
comprising a low-resistance metal.]

[20. The method of claim 19, said low-resistance metal
being selected from the group consisting of Cu and Au and Al
and W and Ag.]
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[21. The method of claim 16, said first metal plating pro-
viding a protective surface over said layer of second layer of
metal.]
[22. The method of claim 16, said fourth layer of metal
comprising a metal serving as a diffusion barrier between said
third layer of metal and said fifth layer of metal.]
[23. The method of claim 16, said third metal plating com-
prising Au plating.]
[24. The method of claim 7, wherein said providing at least
one bond pad over said post-passivation interconnection
structure comprises the steps of:
providing a substrate, active devices having been created in
or on the substrate, a layer of fine-line interconnect metal
having been provided over the substrate, at least one
layer of patterned top metal having been provided over
the layer of fine-line interconnect metal, said at least one
layer of patterned top metal having been connected to
said layer of fine-line interconnect metal, a layer of
passivation having been provided over the layer of fine-
line interconnect metal;
patterning and etching at least one first opening through the
layer of passivation, said at least one first opening being
aligned with a portion of said at least one layer of top
metal, exposing said at least one layer of top metal;

creating a first layer of metal over said layer of passivation,
preferably using the method of metal sputtering for the
creation of this layer of metal;
sputtering a thin second layer over the first layer of metal,
said second layer serving as a electroplating seed layer;

creating a exposure mask, preferably comprising photore-
sist, over the sputtered second layer of metal, said expo-
sure mask exposing said second layer of metal over a
surface area that is to serve as a low-resistance intercon-
nection and a bond pad;

creating a third layer of metal over the exposed surface of

the second layer of metal;

creating a fourth layer of metal over the exposed surface of

the third layer of metal;

creating a fifth layer of metal over the exposed surface of

the fourth layer of metal;

removing the exposure mask;

etching the first and the second layers of metal in accor-

dance with the created fifth layer of metal, leaving in
place the first, second, third, fourth and fifth layers of
metal where the fifth layer of metal has been applied,
these layers serving as a low-resistance interconnection
and a bond pad, exposing the fifth layer of metal, further
exposing the layer of passivation;

depositing a layer of dielectric, preferable comprising

polyimide, over the exposed surface of the fifth layer of
metal and the exposed surface of the layer of dielectric of
passivation;

patterning and etching the deposited second layer of

dielectric, creating an opening through the second layer
of dielectric that aligns with a portion of the patterned
and etched first, second, third, fourth and fifth layers of
metal, exposing the fifth layer of metal, creating a bond
pad.]

[25. The method of claim 24, said first layer of metal
comprising a layer of adhesion material between said passi-
vation layer and said third layer of metal.]

[26. The method of claim 25, said adhesion material com-
prising a metal being selected from the group consisting of Cr
and Ti and TiW.]

[27. The method of claim 24 said thin second layer of metal
comprising a seed layer for electroplating of said third layer
of metal ]
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[28. The method of claim 27, said seed layer preferably
comprising copper.]
[29. The method of claim 24 said third layer of metal
preferably comprising a low-resistance metal.]
[30. The method of claim 29, said low-resistance metal
being selected from the group consisting of Cu and Au and Al
and Ag and W.]
[31. The method of claim 24, said fourth layer of metal
providing a layer serving as surface protection for said third
layer of metal and a diffusion barrier between said third layer
of metal and said fifth layer of metal.]
[32. The method of claim 31 said fourth layer of surface
protection comprising Ni.]
[33. The method of claim 24, said fifth layer of metal
comprising a wire-bondable metal.]
[34. The method of claim 33 said wire-bondable metal
comprising a metal selected from the group consisting of Au
and Al]
[35. The method of claim 7, wherein said providing at least
one bond pad over said post-passivation interconnection
structure comprises the steps of:
providing a substrate, active devices having been created in
oronthe substrate, a layer of fine-line interconnect metal
having been provided over the substrate, at least one
layer of patterned top metal having been provided over
the layer of fine-line interconnect metal, said at least one
layer of patterned top metal having been connected to
said layer of fine-line interconnect metal, a layer of
passivation having been provided over the layer of fine-
line interconnect metal;
patterning and etching at least one first opening through the
layer of passivation, said at least one first opening being
aligned with a portion of said at least one layer of top
metal, exposing said at least one layer of top metal;

depositing a first layer of dielectric over said layer of pas-
sivation, including at least one opening created through
said layer of passivation, said first layer of dielectric
preferably comprising polyimide;

patterning and etching the deposited first layer of dielec-

tric, creating at least one second opening through this
first layer of dielectric, said at least one second opening
being aligned with said at least one first opening through
the layer of passivation;

creating a layer of metal over said first layer of dielectric

including inside surfaces of said second opening created
through said first layer of dielectric, preferably using the
method of metal sputtering for the creation of this layer
of metal;

creating an exposure mask, preferably comprising photo-

resist, over the sputtered layer of metal, said exposure
mask covering this layer over a surface area of the metal
layer that is to serve as a low-resistance interconnection
and a bond pad;

etching the layer of metal in accordance with the exposure

mask, exposing said first layer of dielectric;

removing the exposure mask, exposing said layer of metal;

depositing a second layer of dielectric, preferable compris-

ing polyimide, over the exposed surface of the fourth
layer of metal and the exposed surface of the first layer of
dielectric; and

patterning and etching the deposited second layer of

dielectric, creating an opening through the second layer
of dielectric that aligns with a portion of the patterned
and etched layer of metal, exposing the layer of metal,
the exposed surface of the layer of metal serving as a
bond pad.]
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[36. The method of claim 35, said layer of metal compris-
ing aluminum.]
[37. The method of claim 13, whereby first layer of metal
comprises a metal selected from the group consisting of adhe-
sion and diffusion barrier metals.]
[38. The method of claim 14, said first layer of dielectric
comprising a polymer.]
[39. The method of claim 14, said first layer of dielectric
comprising a material selected from the group consisting of
polyimide and silicon elastomer and benzocyclobutane.]
[40. The method of claim 16, additionally providing prior
to said step of creating a first layer of metal over said layer of
passivation the steps of:
depositing a first layer of dielectric over said layer of pas-
sivation, including the at least one first opening created
through said layer of passivation, said first layer of
dielectric preferably comprising polyimide; and

patterning and etching the deposited first layer of dielec-
tric, creating at least one second opening through this
first layer of dielectric, said at least one second opening
being aligned with said at least one first opening through
the layer of passivation.]
[41. The method of claim 17, said second layer of metal
comprising a metal serving as an electroplating seed layer for
subsequent electroplating of said third layer of metal.]
[42. The method of claim 17, said second layer of metal
comprising copper.]
[43. The method of claim 7, wherein said providing at least
one bond pad over said post-passivation interconnection
structure comprises the steps of:
providing a substrate, active devices having been created in
or on the substrate, a layer of fine-line interconnect metal
having been provided over the substrate, at least one
layer of patterned top metal having been provided over
the layer of fine-line interconnect metal, said at least one
layer of patterned top metal having been connected to
said layer of fine-line interconnect metal, a layer of
passivation having been provided over the layer of fine-
line interconnect metal;
patterning and etching at least one first opening through the
layer of passivation, said at least one first opening being
aligned with a portion of said at least one layer of top
metal, exposing said at least one layer of top metal;

creating a layer of metal over said passivation layer, pref-
erably using the method of metal sputtering for the cre-
ation of this layer of metal;

creating an exposure mask, preferably comprising photo-

resist, over the sputtered layer of metal, said exposure
mask covering this layer over a surface area of the metal
layer that is to serve as a low-resistance interconnection
and a bond pad;

etching the layer of metal in accordance with the exposure

mask, exposing said layer of passivation;

removing the exposure mask, exposing said layer of metal;

depositing a layer of dielectric, preferably comprising

polyimide, over the exposed surface of said layer of
metal and the exposed surface of the layer of passivation;
and

patterning and etching the deposited layer of dielectric,

creating an opening through the layer of dielectric that
aligns with a portion of the patterned and etched layer of
metal, exposing the layer of metal, the exposed surface
of the layer of metal serving as a bond pad.]

[44. A method for creating a post passivation interconnect
structure, comprising:

providing a substrate, active devices having been created in

or on the substrate, a layer of fine-line interconnect metal
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including top metal being connected to said active
devices having been provided over the substrate, said top
metal comprising wire-bondable metal, said top metal
comprising at least one first portion of top metal which
comprises a bond pad, said top metal further comprising
at least one second portion of top metal that needs to be
connected to said first portion of top metal, a layer of
passivation having been provided over the layer of fine-
line interconnect metal;

patterning and etching a first, second and a third opening

through the layer of passivation, said first opening being
aligned with a portion of said first portion of top metal,
said second opening being aligned with a portion of said
first portion of top metal, said third opening being
aligned with a portion of said second portion of top
metal, exposing said first and second portion of top
metal,;

depositing a first layer of dielectric, preferably comprising

polyimide, over said layer of passivation, including said
first, second and third openings created in said layer of
passivation;

patterning and etching the deposited first layer of dielec-

tric, creating a fourth, a fifth and a sixth openings
through said first layer of dielectric, said fourth opening
through said first layer of dielectric being aligned with
said first opening created through said layer of passiva-
tion, said fifth and sixth openings through said first layer
of dielectric respectively being aligned with said second
and third openings created through the layer of passiva-
tion;

creating a first layer metal over said first layer of dielectric,

creating a second layer of metal serving as seed layer
over said first layer of metal;

creating an exposure mask, preferably comprising photo-

resist, over the created second layer of metal, exposing
the second layer of metal only over the surface area of
the second layer of metal at least in a region over and
between said second and third opening while not expos-
ing said first opening;

creating a patterned third layer of metal over the exposed

surface of the second layer of metal;

creating a patterned fourth layer of metal over the patterned

third layer of metal;

removing the exposure mask, exposing the second layer of

metal, leaving in place a mask of the patterned third and
fourth layers of metal in place overlying the second layer
of metal;

etching the second and the first layers of metal in accor-

dance with the masking of third and fourth layers of
metal overlying these second and first layers of metal,
through selection of an etchant to avoid etch damage to
said top metal in said bond pad, thereby exposing said
bond pad and a portion of'said passivation layer and said
first layer of dielectric;

depositing a second layer of dielectric over the patterned

fourth layer of metal and the first layer of dielectric,
preferably comprising polyimide; and

patterning and etching the deposited second layer of

dielectric, creating an opening through the second layer
of dielectric that aligns with said bond pad.]

[45. The method of claim 44, said first layer of metal
providing an adhesion layer between said first layer of dielec-
tric and said second layer of metal in addition to providing a
diffusion barrier metal between said top metal and said sec-
ond and third layer of metal.]

20

25

30

35

40

45

50

55

60

65

28

[46. The method of claim 45, said adhesion layer compris-
ing a material selected from the group consisting of Ti and Cr
and TiW.]
[47. The method of claim 44, said second layer of metal
comprising a seed layer for said third layer of metal.]
[48. The method of claim 47, said second layer of metal
comprising Cu.]
[49. The method of claim 44, said patterned third layer of
metal comprising a low-resistance metal.]
[50. The method of claim 49, said low-resistance metal
comprising an element selected from the group consisting of
Cu and Au and Al and W and Ag.]
[51. The method of claim 44, said patterned fourth layer of
metal comprising a protective metal for the third layer of
metal.]
[52. The method of claim 51, said protective metal com-
prising Ni.]
[53. The method of claim 7, wherein said providing at least
one bond pad over said post-passivation interconnection
structure comprises the steps of:
providing a substrate, active devices having been created in
or on the substrate, a layer of fine-line interconnect metal
including at least one layer of top metal being connected
to said active devices having been provided over the
substrate, a layer of passivation having been provided
over the layer of fine-line interconnect metal;

patterning and etching at least one first opening through the
layer of passivation, said at least one first opening being
aligned with a portion of said at least one layer of top
metal, exposing said at least one layer of top metal;

depositing a first layer of dielectric, preferably comprising
polyimide;
patterning and etching the deposited first layer of dielec-
tric, creating at least one second opening through this
first layer of dielectric, said at least one second opening
being aligned with said at least one first opening created
through the layer of passivation;
creating a first layer of metal over said first layer of dielec-
tric including inside surfaces of said at least one second
opening created through said first layer of dielectric;

patterning said first layer of metal, creating at least one
pattern of said first layer of metal contacting said at least
one layer of top metal;

depositing a second layer of dielectric over said first layer

of dielectric, including said at least one pattern of said
first layer of metal;

creating at least one third opening through the second layer

of dielectric, said at least one third opening being
aligned with a portion of said at least one pattern of said
first layer of metal;

creating a second layer of metal over said second layer of

dielectric including inside surfaces of said at least one
third opening created through said second layer of
dielectric;

patterning said second layer of metal, creating at least one

pattern of said second layer of metal contacting said at
least one pattern of first layer of metal;

depositing a third layer of dielectric over said second layer

of dielectric, including said at least one pattern of said
second layer of metal;

creating at least one fourth opening through the third layer

of dielectric, said at least one fourth opening being
aligned with a portion of said at least one pattern of said
second layer of metal, exposing said at least one pattern
of said second layer of metal.]

[54. The method of claim 53, wherein said first layer of
metal comprising a low-resistance metal.]
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[55. The method of claim 54, said low-resistance metal
being selected from the group consisting of Cu and Au and Al
and W and Ag.]
[56. The method of claim 53, wherein said second layer of
metal comprising a first layer of low-resistance metal over
which a second layer of wire-bondable material is deposited.]
[57. The method of claim 56, said low-resistance metal
being selected from the group consisting of Cu and Au and Al
and W and Ag.]
[58. The method of claim 56, said wire-bondable material
being selected from the group consisting of Au and Al.]
[59. The method of claim 53, additionally providing an
adhesive layer between said first layer of dielectric and said
first layer of metal.]
[60. The method of claim 53, additionally providing a
protective layer of said first layer of metal.]
[61. The method of claim 53, additionally providing an
adhesive layer between said second layer of dielectric and
said second layer of metal.]
[62. The method of claim 53, additionally providing a
protective layer of said second layer of metal.]
[63. The method of claim 24 additionally providing priorto
said step of creating a first layer of metal over said first layer
of dielectric the steps of:
depositing a first layer of dielectric over said layer of pas-
sivation, including the at least one opening created
through said layer of passivation, said first layer of
dielectric preferably comprising polyimide; and

patterning and etching the deposited first layer of dielec-
tric, creating at least one second opening through this
first layer of dielectric, said at least one second opening
being aligned with said at least one first opening through
the layer of passivation.]

[64. The method of claim 7, wherein said providing at least
one bond pad over said post-passivation interconnection
structure comprises the steps of:

providing a substrate, active devices having been created in

oronthe substrate, a layer of fine-line interconnect metal
including top metal being connected to said active
devices having been provided over the substrate, said top
metal comprising wire-bondable metal, said top metal
comprising at least one first portion of top metal com-
prising a bond pad, said top metal further comprising at
least one second portion of top metal that needs to be
connected to said first portion of top metal, a layer of
passivation having been provided over the layer of fine-
line interconnect metal;

patterning and etching a first, second and third opening

through the layer of passivation, said first opening being
aligned with a portion of said first portion of top metal,
said second opening being aligned with a portion of said
first portion of top metal, said third opening being
aligned with a portion of said second portion of top
metal, exposing said first and second portion of top
metal,;

creating a first layer of metal over said passivation layer,

creating a second layer of metal serving as a seed layer
over said first layer of metal;

creating an exposure mask, preferably comprising photo-

resist, over the created second layer of metal, exposing
the second layer of metal only over the surface area of
the second layer of metal at least on the region over and
between said second and third opening, and not expos-
ing said first opening;

creating a patterned third layer of metal over the exposed

surface of the second layer of metal;
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creating a patterned fourth layer of metal over the patterned

third layer of metal;

removing the exposure mask, exposing the second layer of

metal, leaving in place a mask of the patterned third and
fourth layers of metal in place overlying the second layer
of metal;

etching the second and the first layers of metal in accor-

dance with the mask of third and fourth layers of metal
overlying the second and third layers of metal, thereby
avoiding etch damage to said top metal in said bond pad,
thereby exposing the passivation layer;

depositing a layer of dielectric over the patterned fourth

layer of metal and the layer of passivation, preferably
comprising polyimide; and

patterning and etching the deposited layer of dielectric,

creating an opening through the layer of dielectric that
aligns with said bond pad.]
[65. The method of claim 7, wherein said providing at least
one bond pad over said post-passivation interconnection
structure comprises the steps of:
providing a substrate, active devices having been created in
or on the substrate, a layer of fine-line interconnect metal
including at least one layer of top metal being connected
to said active devices having been provided over the
substrate, a layer of passivation having been provided
over the layer of fine-line interconnect metal;

patterning and etching at least one first opening through the
layer of passivation, said at least one first opening being
aligned with a portion of said at least one layer of top
metal, exposing said at least one layer of top metal;

creating a first layer of metal over said passivation layer;

patterning said first layer of metal, creating at least one
pattern of said first layer of metal contacting said at least
one layer of top metal;

depositing a first layer of dielectric over said layer of pas-

sivation, including said at least one pattern of said first
layer of metal;

creating at least one third opening through the first layer of

dielectric, said at least one third opening being aligned
with a portion of said at least one pattern of said first
layer of metal;

creating a second layer of metal over said first layer of

dielectric including inside surfaces of said at least one
third opening created through said first layer of dielec-
tric;

patterning said second layer of metal, creating at least one

pattern of said second layer of metal contacting said at
least one pattern of first layer of metal;

depositing a second layer of dielectric over said first layer

of dielectric, including said at least one pattern of said
second layer of metal;

creating at least one fourth opening through the second

layer of dielectric, said at least one fourth opening being
aligned with a portion of said at least one pattern of said
second layer of metal, exposing said at least one pattern
of said second layer of metal.]

[66. A method of forming post passivation interconnect
structure, comprising:

providing one or more internal circuits comprising one or

more active devices formed in and on a semiconductor
substrate;

providing a fine line metallization system, formed over

said semiconductor substrate in one or more thin layers
of dielectric;

providing a passivation layer over said fine line metalliza-

tion system;
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providing a thick, wide metallization system formed above
said passivation layer, in one or more thick layers of
dielectric, wherein said thick layers of dielectric are
thicker than said thin layers of dielectric, wherein said
thick, wide metallization system is used as a distribution
network for a clock or signal voltage, and wherein said
thick, wide metallization system is connected to said one
or more internal circuits; and

providing at least one wire-bondable bond pad adjacent to
said thick layers of dielectric, said at least one wire-
bondable bond pad being connected with said thick,
wide metallization system.]

[67. The method of claim 66 wherein said at least one
wire-bondable bond pad is formed from a top layer of said
fine line metallization system.]

[68. The method of claim 67 wherein said at least one
wire-bondable bond pad is exposed through said passivation
layer.]

[69. The method of claim 66 wherein said at least one
wire-bondable bond pad is connected to said thick, wide
metallization system through said fine line metallization sys-
tem and through openings in said passivation layer.]

70. A chip comprising:

a silicon substrate;

an active device in and on said silicon substrate;

a dielectric layer over said silicon substrate;

a metal layer over said silicon substrate;

a passivation layer on said dielectric layer, wherein a first
opening in said passivation layer is over a first contact
point of said metal layer, and said first contact point is at
a bottom of said first opening, and wherein a second
opening in said passivation layer is over a second con-
tact point of said metal layer, and said second contact
point is at a bottom of said second opening;

a polymer layer on said passivation layer, wherein a third
opening in said polymer layer is over said first contact
point, and a fourth opening in said polymer layer is over
said second contact point; and

a metallization structure on said polymer layer and said
first and second contact points, wherein said metalliza-
tion structure is connected to said first contact point
through said thivd opening and connected to said second
contact point through said fourth opening, wherein said
first contact point is connected to said second contact
point through said metallization structure, wherein said
metallization structure comprises an adhesion layer on
said polymer layer and said first and second contact
points, a copper-containing seed layer over said adhe-
sion layer, and an electroplated copper layer over said
copper-containing seed layer, wherein said adhesion
layer is under said electroplated copper layer, but is not
at a sidewall of said electroplated copper layer.

71. The chip of claim 70, wherein said adhesion layer

comprises a titanium-containing layer.

72. The chip of claim 70, wherein said adhesion layer
comprises a chromium-containing layer.

73. The chip of claim 70, wherein said metallization struc-
ture further comprises a nickel-containing layer on said elec-
troplated copper layer.

74. The chip of claim 70, wherein said metal layer com-
prises aluminum.

75. The chip of claim 70, wherein said polymer layer com-
prises polyimide.

76. The chip of claim 70, wherein said metallization struc-
ture is configured for connection to an external circuit by
wirebonding.
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77. A chip comprising:

a silicon substrate;

an active device in and on said silicon substrate;

a dielectric layer over said silicon substrate;

a metal layer over said silicon substrate;

a passivation layer on said dielectric layer, wherein a first
opening in said passivation layer is over a first contact
point of said metal layer, and said first contact point is at
a bottom of said first opening, and wherein a second
opening in said passivation layer is over a second con-
tact point of said metal layer, and said second contact
point is at a bottom of said second opening;

an interconnecting structure over said passivation layer
and on said first and second contact points, wherein said
interconnecting structure is connected to said first con-
tact point through said first opening and connected to
said second contact point through said second opening,
wherein said first contact point is connected to said
second contact point through said interconnecting
structure, wherein no polymer layer is between said
passivation layer and said interconnecting structure,
wherein said interconnecting structure comprises an
adhesion layer over said passivation layer and on said
first and second comtact points, a copper-containing
seed layer over said adhesion layer, and an electroplated
copper layer over said copper-containing seed layer,
wherein said adhesion layer is under said electroplated
copper layer, but is not at a sidewall of said electroplated
copper layer; and

a polymer layer over said interconnecting structure and
said passivation layer, wherein said polymer layer cov-
ers a top surface and a sidewall of said interconnecting
structure.

78. The chip of claim 77, wherein said adhesion layer

comprises a titanium-containing layer.

79. The chip of claim 77, wherein said adhesion layer
comprises a chromium-containing layer.

80. The chip of claim 77, wherein said interconnecting
structure further comprises a nickel-containing layer over
said electroplated copper layer, wherein said nickel-contain-
ing layer is connected to said first and second contact points
through said electroplated copper layer.

81. The chip of claim 77, wherein said metal layer com-
prises aluminum.

82. The chip of claim 77, wherein said polymer layer com-
prises polyimide.

83. The chip of claim 77, wherein said interconnecting
structure is configured for connection to an external circuit by
wirebonding.

84. A chip comprising:

a silicon substrate;

an active device in and on said silicon substrate;

a dielectric layer over said silicon substrate;

a metal layer over said silicon substrate;

a passivation layer on said dielectric layer, wherein a first
opening in said passivation layer is over a first contact
point of said metal layer, and said first contact point is at
a bottom of said first opening, and wherein a second
opening in said passivation layer is over a second con-
tact point of said metal layer, and said second contact
point is at a bottom of said second opening;

a first polymer layer on said passivation layer, wherein a
thivd opening in said first polymer layer is over said first
contact point, and a fourth opening in said first polymer
layer is over said second contact point;

an interconnecting structure on said first polymer layer
and said first and second contact points, wherein said



US RE43,674 E

33

interconnecting structure is connected to said first con-
tact point through said third opening and connected to
said second contact point through said fourth opening,
wherein said first contact point is connected to said
second contact point through said interconnecting
structure, wherein said interconnecting structure com-
prises an adhesion layer on said first polymer layer and
said first and second contact points, a copper-contain-
ing seed layer over said adhesion layer, and an electro-
plated copper layer over said copper-containing seed
layer, wherein said adhesion layer is under said electro-
plated copper layer, but is not at a sidewall of said
electroplated copper layer; and

a second polymer layer on said interconnecting structure
and said first polymer layer, wherein said second poly-
mer layer covers a top surface and a sidewall of said
interconnecting structure.

85. The chip of claim 84, wherein said adhesion layer

comprises a titanium-containing layer.

86. The chip of claim 84, wherein said adhesion layer
comprises a chromium-containing layer.

87. The chip of claim 84, wherein said interconnecting
structure further comprises a nickel-containing layer over
said electroplated copper layer, wherein said nickel-contain-
ing layer is connected to said first and second contact points
through said electroplated copper layer.

88. The chip of claim 84, wherein said metal layer com-
prises aluminum.

89. The chip of claim 84, wherein said second polymer
layer comprises polyimide.

90. The chip of claim 84, wherein said interconnecting
structure is configured for connection to an external circuit by
wirebonding.

91. The chip of claim 70, wherein said metallization struc-
ture is configured for connection to an external circuit by
solder bonding.

92. The chip of claim 77, wherein said interconnecting
structure is configured for connection to an external circuit by
solder bonding.

93. The chip of claim 84, wherein said interconnecting
structure is configured for connection to an external circuit by
solder bonding.

94. A chip comprising:

a silicon substrate;

an active device in and on said silicon substrate;

a dielectric layer over said silicon substrate;

a first metal layer over said silicon substrate;

a separating layer on said dielectric layer, wherein a first
opening in said separating layer is over a first contact
point of said first metal layer, and said first contact point
is at a bottom of said first opening, and wherein a second
opening in said separating layer is over a second contact
point of said first metal layer, and said second contact
point is at a bottom of said second opening;

an interconnecting layer over said separating layer and on
said first and second contact points, wherein said inter-
connecting layer is connected to said first contact point
through said first opening and connected to said second
contact point through said second opening, wherein said
first contact point is connected to said second contact
point through said interconnecting layer, wherein no
polymer layer is between said separating layer and said
interconnecting layer, wherein said interconnecting
layer comprises an adhesion layer over said separating
layer and on said first and second contact points, and a
second metal layer over said adhesion layer, wherein
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said adhesion layer is under said second metal layer, but
is not at a sidewall of said second metal layer; and

a polymer layer over said interconnecting layer and said
separating layer, wherein said polymer layer covers a
top surface and a sidewall of said interconnecting layer
wherein no opening in said polymer layer is over said
interconnecting layer.

95. The chip of claim 94, wherein said adhesion layer

comprises a titanium-containing layer.

96. The chip of claim 94, wherein said second metal layer
comprises a copper layer over said adhesion layer, and a
nickel-containing layer over said copper layer, wherein said
nickel-containing layer is connected to said first and second
contact points through said copper layer.

97. The chip of claim 94, wherein said first metal layer
comprises aluminum.

98. The chip of claim 94, wherein said second metal layer
comprises copper.

99. A chip comprising:

a silicon substrate;

an active device in and on said silicon substrate;

a first dielectric layer over said silicon substrate;

a metal layer over said silicon substrate and in said first
dielectric layer, wherein said metal layer comprises a
damascene metal;

a passivation layer on said first dielectric layer, wherein a
first opening in said passivation layer is over a first
contact point of said metal layer, and said first contact
point is at a bottom of said first opening, and wherein a
second opening in said passivation layer is over a sec-
ond contact point of said metal layer, and said second
contact point is at a bottom of said second opening;

an interconnecting structure on said passivation layer and
said first and second contact points, wherein said first
contact point is connected to said second contact point
through said interconnecting structure, wherein said
interconnecting structure comprises a first adhesion
layer and a first copper layer over said first adhesion
layer, wherein said interconnecting structure has a top
surface at a horizontal level;

a second dielectric layer on said top surface and over said
passivation layer, wherein a third opening in said second
dielectric layer is over a third contact point of said
interconnecting structure, and said third contact point is
at a bottom of said third opening, wherein said third
contact point is connected to said first contact point
through said first opening, and said thivd contact point is
connected to said second comtact point through said
second opening, wherein said second dielectric layer
comprises a polymer layer over said top surface and
across an edge of said interconmecting structure,
wherein said polymer layer comprises a first portion
over said horizontal level and a second portion under
said horizontal level, wherein said second dielectric
layer covers said top surface and a sidewall of said
interconnecting structure; and

a metallization structure on said polymer layer and said
third contact point, wherein said metallization structure
is connected to said third contact point through said
thivd opening, wherein said metallization structure com-
prises a second adhesion layer and a second copper
layer over said second adhesion layer.

100. The chip of claim 99, wherein said first adhesion layer

comprises a chromium-containing layer.

101. The chip of claim 99, wherein said second adhesion
layer comprises a chromium-containing layer.
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102. The chip of claim 99, wherein said metallization struc-
ture further comprises a nickel-containing layer over said
second copper layer.

103. The chip of claim 99, wherein said interconnecting
structure further comprises a nickel-containing layer over
said first copper layer.

104. The chip of claim 99, wherein said metallization struc-
ture is configured for connection to an external circuit by
wirebonding.

105. The chip of claim 99 further comprising a third dielec-
tric layer on said metallization structure and said polymer
layer.

106. A chip comprising:

a silicon substrate;

an active device in and on said silicon substrate;

a dielectric layer over said silicon substrate;

a metal layer over said silicon substrate and in said dielec-
tric layer, wherein said metal layer comprises a dama-
scene metal, wherein said metal layer has a first top
surface with a first region, a second region and a third
region between said first and second regions, wherein
said first top surface is substantially coplanar with a
second top surface of said dielectric layer;

a passivation layer on said first and second regions and
said second top surface, wherein a first opening in said
passivation layer is over said thivd region, and said third
region is at a bottom of said first opening;

a first polymer layer on said passivation layer, wherein a
second opening in said first polymer layer is over said
third region; and

a metallization structure over said silicon substrate,
wherein said metallization structure is connected to said
thivd region through said second opening, wherein said
metallization structure comprises an aluminum layer
having a thickness greater than 1 micrometer.

107. The chip of claim 106, wherein said metallization
structure is configured for connection to an external circuit by
wirebonding.

108. The chip of claim 106 further comprising a second
polymer layer on said first polymer layer and over said met-
allization structure.

109. The chip of claim 106 further comprising a second
polymer layer on said first polymer layer and over said met-
allization structure, wherein a third opening in said second
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polymer layer is over a fourth region of said metallization
structure, and said fourth region is at a bottom of said third
opening, wherein said fourth region is connected to said third
region through said second opening, wherein said fourth
region is not vertically over said thivd rvegion, wherein said
fourth region is configured for wirebonding.

110. The chip of claim 106, wherein said metallization
structure is configured for connection to an external circuit by
solder bonding.

111. The chip of claim 106, wherein said first polymer layer
has a thickness greater than 2 micrometers.

112. The chip of claim 106, wherein said first polymer layer
comprises polyimide.

113. 4 chip comprising:

a silicon substrate;

a first dielectric layer over said silicon substrate;

an interconnecting structuve in said first dielectric layer,

wherein said interconnecting structure comprises a
damascene metal;

a separating layer over said first dielectric layer, wherein

multiple first vias are in said separating layer;

an interconnect over said separating layer, wherein said

interconnect comprises an aluminum layer, wherein said
multiple first vias are connected to each other through
said interconnect; and

a second dielectric layer over said separating layer,

wherein said second dielectric layer has a portion over
said interconnect, wherein a second via in said portion is
vertically over said interconnect and one of said mul-
tiple first vias.

114. The chip of claim 113, wherein said interconnect
comprises a power interconnect.

115. The chip of claim 113, wherein said interconnect
comprises a ground interconnect.

116. The chip of claim 113, wherein said aluminum layer
has a thickness greater than 1 micrometer.

117. The chip of claim 113, wherein no polymer layer is
between said separating layer and said interconnect.

118. The chip of claim 113, wherein said second dielectric
layer comprises a polymer.

119. The chip of claim 113, wherein the number of said
multiple first vias is at least ten.



