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FINE PITCH INTERCONNECT AND METHOD OF MAKING

Field of the Invention

This disclosure relates to semiconductors, and more particularly to semiconductor

interconnection technology for electrical connections.

Related Art

An integrated circuit contains multiple pads. Some applications of the integrated
circuit involve the placement of a thin film, such as a dielectric layer, over the integrated
circuit. When the thin film is present, the multiple pads of the integrated circuit require an
interconnect thereto at a location within an overlying level. These pads are often arranged in
as close proximity to each other as possible. These interconnects are commonly referred to
as vias. A viais formed from a hole in a dielectric layer that is filled or plated with an
electrical conductor so that contact is made from a lower level pad known as aland to a
higher level pad known as a via capture pad. Therefore, the land and the capture pad have
aligned centers. Manufacturing design rules require that the capture pad have at least a
predetermined larger size than the opening of the via. The larger size requires the capture
pad to extend beyond the opening of the via in all directions. The size of the capture pad is
therefore significantly larger than the size of the dielectric opening. Additionally, a minimum
distance is required between the overlying capture pads which further increases the minimum
pitch between the capture pads and as a result between the lands.

For example in FIG. 1 there is shown a known integrated circuit 10 with
interconnects. A pad 12 is located adjacent another pad 14. In one form each of pad 12 and
pad 14 may be implemented as a land. Overlying the pad 12 and pad 14 is a dielectric layer
22. Overlying the dielectric layer 22 is a conductive trace or metal interconnect 16 and a
metal interconnect 18 which function as traces. The metal interconnect 16 is connected to a
capture pad 17 which is further connected to pad 14 by a hole or via having a diameter d1.
Similarly, the interconnect 18 is connected to land 12 by way of a hole or via having a
diameter d1 that is captured by a via capture pad 19 having a diameter d2 which is

substantially larger than diameter d1.
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The capture pad 17 is separated from capture pad 19 by a required minimum length
labeled L1. As a result, the distance between the center of the capture pad 17 and capture pad
19is L2. A disadvantage is that L2 limits the total number of pads along the side of
integrated circuit 10. In other words, in the prior art the distance L2 is the limiting factor that
prevents integrated circuit from having a smaller land pad pitch.

Illustrated in FIG. 2 is a cross-section of capture pad 19, die pad 12 and associated via
taken along line 2-2 of FIG. 1. The pad 12 is situated within a substrate 20 of integrated
circuit 10. It should be understood that substrate 20 may be implemented at various levels
within integrated circuit 10 other than at a bulk or body layer. A dielectric layer 22 overlies
the substrate 20 and has an opening of width d1 to define the via. Overlying the dielectric
layer 22 is the metal interconnect 18 which intersects via capture pad 19 and electrically

connects to pad 12.
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Brief Description of the Drawings

The present invention is illustrated by way of example and not by limitation in the
accompanying figures, in which like references indicate similar elements, and in which:

FIG. 1 illustrates in topographical form a known integrated circuit with limited pad
pitch;

FIG. 2 illustrates in cross-sectional form a pad of the integrated circuit of FIG. 1 with
overlying interconnect;

FIG. 3-18 illustrates in either topographical or cross-sectional form an integrated
circuit having a fine pitch interconnect in accordance with the present invention.

Skilled artisans appreciate that elements in the figures are illustrated for simplicity
and clarity and have not necessarily been drawn to scale. For example, the dimensions of
some of the elements in the figures may be exaggerated relative to other elements to help

improve the understanding of the embodiments of the present invention.

Detailed Description

Illustrated in FIG. 3 is an integrated circuit 40 with interconnect in accordance with
the present invention. In the illustrated form there is provided a plurality of die pads, such as
a die pad 42, a die pad 44, a die pad 46 and a die pad 48. It should be understood that the
term die pad is one form of a contact pad. The structures described herein may be readily
implemented in a semiconductor or electronic device on a surface other than a die. For
example, the structures described herein may be implemented on a layer overlying multiple
layers overlying a die or may be implemented on a printed circuit board. Each of die pads 42,
44,46 and 48 is positioned lateral to each other and as close to one another as physically
possible to reliably manufacture the integrated circuit 10. In one form the die pads 42, 44, 46
and 48 have a pitch or separation distance that is one hundred micrometers (microns) or less.
In the illustrated form the die pads 42, 44, 46 and 48 are positioned adjacent an edge of the
integrated circuit 40. However, it should be well understood that other locations within the
integrated circuit 40 for the placement of die pads 42, 44, 46 and 48 may be selected.
Overlying the integrated circuit 40 and a portion of die pads 42, 44, 46 and 48 is a dielectric
layer 50. In the illustrated form the die pads 42, 44, 46 and 48 have two edges aligned two
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lines parallel to an adjacent periphery of the integrated circuitry. In the illustrated form the
die pads 42, 44, 46 and 48 are substantially rectangular. It should be understood that other
geometric forms for the contact pads may be implemented including circles, squares,
octagons or other polygons.

Illustrated in FIG. 4 is a cross-sectional view of die pad 46 taken along line 4-4. The
die pad 46 is formed within a substrate 52 of the integrated circuit 40. Overlying the die pad
46 is dielectric layer 50. The dielectric layer 50 may be made from any of a number of
insulating materials such as oxides, nitrides, Bismaleimide-Triazine (BT) from Mitsubishi
Gas and Chemical, Bisbenzocyclobutene (BCB) from Dow Chemical, Intervia 8010 by Rohm
and Haas, or polymer based dry film dielectrics. The selected material may or may not be
photodefinable and may be applied by a variety of techniques such as lamination or spin
coating.

Iustrated in FIG. 5 is further processing of integrated circuit 40. A trench or opening
54 is formed in the dielectric layer 50. The opening 54 has a length along a periphery of the
integrated circuit and a width that is within the two lines that the die pads 42, 44, 46 and 48
are aligned along. The trench or opening 54 may be formed, for example, by photodefinition
or laser ablation.

Nlustrated in FIG. 6 is a cross-section of the integrated circuit 40 taken substantially
along line 6-6 of FIG. 5. In the illustrated form the opening 54 is located overlying only a
portion of the width of die pad 46. While the walls of the opening 54 are illustrated as being
slanted, it should be understood that the walls of opening 54 may be formed so that they are
substantially vertical.

Mlustrated in FIG. 7 is further processing of the integrated circuit 40. A seed layer 56
(so termed for being a layer from which another layer is formed) is formed overlying the
dielectric layer 50 and the die pads 42, 44, 46 and 48 after forming the opening 54. The seed
layer 56 may alternatively be referred to as a bus layer for plating. The seed layer 56 is
formed in one embodiment by depositing one of titanium, tungsten, copper, titanium copper,
titanium tungsten copper or other metal or metal combination suitable as a seed layer. In
another form the seed layer 56 may be formed by electroless plating of copper.

Iustrated in FIG. 8 is a cross-section of the integrated circuit 40 taken substantially
along line 8-8 of FIG. 7. In the illustrated form the seed layer 56 is a thin film relative to the
thickness of dielectric layer 50. The seed layer 56 is blanket deposited and thus is formed in

the opening 54 as well as over the dielectric layer 50.
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Illustrated in FIG. 9 is further processing of the integrated circuit 40. A film of
photoresist 58 is formed overlying the integrated circuit 40 and directly onto the seed layer
56. In one embodiment the photoresist 58 is formed by a spin operation or spray coating. In
other forms a laminar film of photoresist 58 may be formed.

Ilustrated in FIG. 10 is a cross-section of the integrated circuit 40 taken substantially
along line 10-10 of FIG. 9. The film of photoresist 58 is illustrated as substantially filling the
opening 54. A small dip or recessed area in the photoresist 58 may be present directly over
the opening 54.

Ilustrated in FIG. 11 is further processing of the integrated circuit 40 in which a
plurality of trace openings 60, 62, 64 and 66 is formed by patterning the photoresist 58. The
patterning of photoresist 58 creates substantially uniform sized trace openings 60, 62, 64 and
66 which respectively expose die pads 42, 44, 46 and 48. The patterning forms trace
openings 60, 62, 64 and 66 each with a trace opening width 68. In order to minimize the
pitch, defined as the space between two adjacent traces, a minimum width for each of the
trace openings 60, 62, 64 and 66 occurs in one form over the die pads. While each of the
openings 60, 62, 64 and 66 is illustrated with substantially the same dimensions, it should be
understood that the photoresist 58 may be patterned with a predetermined pattern such that
the dimensions of the openings 60, 62, 64 and 66 vary. Openings 60, 62, 64 and 66 are
illustrated as ending on the right at a point within the trench formed by opening 54.

However, openings 60, 62, 64 and 66 may extend beyond the opening 54 to the right if
desired.

Mlustrated in FIG. 12 is a cross-sectional view of integrated circuit 40 taken along line
12-12 of FIG. 11. In the illustrated form the opening 64 extends from the left of the view to a
point within the opening 54. In an alternate form opening 64 may also extend beyond the
opening 54 to the right so that an opening is present above dielectric layer 50 and seed layer
56 on the right-most portion of FIG. 12 if so desired. However, as illustrated in FIG. 12, a
portion of the photoresist 58 on the right is left intact overlying the seed layer 56 to continue
masking the seed layer 56.

Nlustrated in FIG. 13 is further processing of the integrated circuit 40 in which
conductive material is formed in each of the openings 60, 62, 64 and 66 to form conductive
lines such as metal traces 70, 72, 74 and 76. The metal traces 70, 72, 74 and 76 are
respectively in direct contact with die pads 42, 44, 46 and 48 yet remains electrically short-
circuited together by the seed layer 56 between the metal traces 70, 72, 74 and 76. The metal
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in one form is copper but it should be well understood that other metals and other conductive
materials may be formed. In the process as illustrated, the metal is formed by electroplating
using the seed layer 56 to plate the metal in the openings 60, 62, 64 and 66. It should be
understood that other metallization processes, such as electroless plating, may be used.

Ilustrated in FIG. 14 is a cross-sectional view taken along line 14-14 of FIG. 13. The
metal trace 74 overlies a portion of seed layer 56 and extends into opening 54 to make
contact with die pad 46. It should be noted that the thickness of metal trace 74 is
substantially uniform along the length. Because seed layer 56 and metal trace 74 are both
conductive, an electrical connection to die pad 46 is formed. Note that as in FIG. 13 the seed
layer 56 continues to electrically short circuit the metal traces 70, 72, 74 and 76. The metal
trace 74 is illustrated extending to the left in FIG. 14 and may be further patterned to connect
to other circuitry (not shown) on the same level or to other levels (not shown) of integrated
circuit 40. In another form metal trace 74 may extend to the right of the opening 54 to lie on
top of the dielectric layer 50 on the right side of FIG. 14. In such an alternate form the
photoresist 58 is removed on the right side to permit the formation of metal on the seed layer
56.

Mlustrated in FIG. 15 is further processing of integrated circuit 40 in which a
remainder of photoresist 58 and seed layer 56 has been removed. This removal step removes
the seed layer 56 between the metal traces 70, 72, 74 and 76, isolates the traces and forms
individual trace contacts to their respective die pads. In one form a remainder of photoresist
58 is stripped using a chemical stripping process and a remainder of seed layer 56 is etched
away.

INustrated in FIG. 16 is a cross-section of integrated circuit 40 taken substantially
along line 16-16 of FIG. 15. In the illustrated form the opening 54 illustrates metal trace 74
making electrical contact to a predetermined portion of the die pad 46. In the illustrated form
only a substantially left-side portion of the die pad 46 where the photoresist 58 previously
was is now exposed. In an alternate form the whole of die pad 46 is exposed to permit
continuation of a conductor into and from opposite sides of the die pad 46.

Ilustrated in FIG. 17 is further processing of integrated circuit 40 in which a
dielectric layer 80 is formed overlying and in contact with all metal traces 70, 72, 74 and 76,
the exposed portion of die pads 42, 44, 46 and 48, and a portion of the dielectric layer 50.
Dielectric layer 80 functions further to insulate the metal traces 70, 72, 74 and 76. It should

be understood that at this point in the processing method additional circuit layers (not shown)
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may be added to implement a desired circuit function. Note that the pitch between any two of
the metal traces 70, 72, 74 and 76 is the distance from the center of conductive trace to the
center of an adjacent conductive trace. Thus, the pitch between any two of the metal traces
70, 72, 74 and 76 is equal to a separation distance between two adjacent conductive traces
plus the width of one conductive trace, assuming that each of the conductive traces have
substantially the same width. The pitch in the illustrated structure between any of metal
traces 70, 72, 74 and 76 is substantially smaller than the pitch between metal interconnects 16
and 18 of FIG. 1.

Illustrated in FIG. 18 is a cross-sectional view of integrated circuit structure 40 taken
along line 18-18 of FIG. 17. In FIG. 18 dielectric layer 80 overlies and is in contact with the
metal trace 74, the exposed portion of die pad 46 and a portion of the dielectric layer 50. As
can be readily seen the dielectric layer 80 may be slightly recessed within the opening 54.
Conventional planarization techniques may be used to further planarize the exposed surface
of dielectric layer 80.

In one form the pitch of the structures illustrated in FIGs. 3-18 is one-third of the
pitch of the integrated circuit of FIG. 1. This is a significant savings in die space that enables
substantially more miniaturization of circuitry. By using a trench style via in which there is
no pad in the upper one-half of the via, a significant reduction in pitch between two contact
pads is accomplished.

By now it should be appreciated that there has been provided a semiconductor
interconnect and method of making a semiconductor interconnect. A continuous trench is
formed in a first direction across two or more pads. In a second direction, for each pad a
conductive strip or metal trace is formed which is continuous and transitions from a level
elevated above the pad (i.e. out of the plane of the pad) to a lower level to make contact with
the pad. This structure may also be used in inverted (i.e. rotated upside down) form if
desired. It should be noted that the portion of a conductive line overlying a dielectric opening
does not need to cover the entire periphery or area of the opening.

The method taught herein is very helpful in manufacturing an interconnect to a
semiconductor device. For example when an interconnect structure is being attached to a
semiconductor die, there may be die drift associated with the alignment by the tool used to
form the conductive traces to the pads of the die. Because the width of the metal traces 70,
72, 74 and 76 is less than the width of the die pads to which they are connected, die drift

errors are automatically compensated as long as the die drift does not exceed a maximum
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drift value. There has herein been disclosed an interconnect structure that does not require a
via (i.e. an opening in a dielectric that exposes an underlying pad to be contacted) to have an
overlying or via capture pad. The conductive traces on a top surface of a dielectric layer are
patterned to fall out of the plane in which the conductive traces are placed and into the
opening without using a cover pad. The conductive trace interconnect may be placed either
along a periphery or edge of an integrated circuit or anywhere else within the integrated
circuit.

In the foregoing specification, the invention has been described with reference to
specific embodiments. However, one of ordinary skill in the art appreciates that various
modifications and changes can be made without departing from the scope of the present
invention as set forth in the claims below. For example, while the metal traces 70, 72, 74 and
76 are illustrated as being perpendicular in direction to the trench or opening 54, the metal
traces may be formed at other angles to the opening 54. While metal traces 70, 72, 74 and 76
are described as being formed by a conventional plating process, other known processes may
be used to form conductive traces. The die pad 46 may be implemented as a conductive pad
in other applications. For example a pad on an integrated circuit board or other type of
substrate may be used. Various types of metals and metal alloys may be used. It should also
be understood that various conductive materials, such as conductive epoxy, may be used.
Accordingly, the specification and figures are to be regarded in an illustrative rather than a
restrictive sense, and all such modifications are intended to be included within the scope of
present invention.

In one form there is herein provided a method for contacting contact pads of an
integrated circuit. A dielectric layer is provided over the integrated circuit and the contact
pads. An opening in the dielectric layer is formed to expose the contact pads whereby a
portion of the dielectric layer is removed between adjacent contact pads. A seed layer is
formed over the dielectric layer and the contact pads after forming the opening. A photoresist
layer is formed over the seed layer. The photoresist layer is patterned to form openings in a
remaining portion of the photoresist layer to the contact pads. The openings form lines with
widths and the remaining portion of the photoresist layer masks a first portion of the seed
layer. The remaining portion of the photoresist is removed and the first portion of the seed
layer is removed.

In one form the patterning of the photoresist layer exposes the seed layer in the

openings and covers a first portion of the seed layer with a remaining portion of the
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photoresist layer. The remaining portion of the photoresist layer is removed and the first
portion of the seed layer is removed. In one form the contact pads have a pitch that is no
greater than 70 micrometers.

In one form the contact pads are along a periphery of the integrated circuit and the
seed layer contains at least one of titanium, tungsten or copper. In another form all three of
these metals are used in the seed layer.

In one form the minimum widths for the lines occurs over the contact pads. In another form
the remaining portion of the photoresist layer covers a portion of the contact pads. In another
form the contact pads have two edges aligned along two lines parallel to an adjacent
periphery of the integrated circuit, and the opening in the dielectric layer has a length along a
periphery of the integrated circuit and a width that is within the two lines.

In another form there is provided an interconnect structure over an integrated circuit
structure, wherein the integrated circuit structure has a plurality of contact pads. A plurality
of lines run over the integrated circuit structure and have trace portions in a region adjacent to
the contact pads and contact portions over the contact pads. The contact portions make
electrical contact to the contact pads. The trace portions are over a dielectric layer and the
contact pads are in a single opening in the dielectric layer. In one form the contact pads are
adjacent and have a pitch that is not greater than 70 micrometers. In one form the trace
portions have a width and the contact portions have a width not exceeding a minimum of the
width of the trace portions. The contact pads have two edges aligned along two lines parallel
to an adjacent periphery of the integrated circuit, wherein the opening in the dielectric layer
has a length along a periphery of the integrated circuit and a width that is within the two
lines.

In another form there is provided a method of forming a first conductive line to a first
contact pad. The first contact pad is over a portion of a first dielectric layer. A seed layer is
formed over the first dielectric layer and the first contact pad. A photoresist layer is formed
over the first dielectric layer. The photoresist layer is patterned to form a first opening in the
photoresist layer and leave a remaining portion of the photoresist layer. The opening has a
first trace portion in a region adjacent to the first contact pad and a first contact portion over
the ﬁrst contact pad. The first contact portion makes electrical contact to the first contact
pad. The first trace portion has a width and the first contact portion has a width not
substantially exceeding a minimum of the width of the first trace portion. Conductive

material is formed in the first opening to make electrical contact to the first contact pad in the
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first contact portion and form a first conductive trace in the first trace portion, whereby the
first conductive line is formed. In another form a second dielectric layer is formed over the
first dielectric layer. An opening in the second dielectric layer is formed wherein the first
contact pad is in the opening in the second dielectric layer. The first trace portion is over the
second dielectric layer.

In another form the photoresist layer is patterned to expose the seed layer in the
opening and cover a first portion of the seed layer with the remaining portion of the
photoresist layer. The remaining portion of the photoresist layer is removed and the first
portion of the seed layer is removed. In one form the seed layer is at least one of titanium,
tungsten or copper. In another form a second conductive line makes contact to a second
contact pad, wherein the second contact pad is over a second portion of the first dielectric
layer. The seed layer is formed over the second contact pad. The photoresist layer is
patterned to form a second opening in the photoresist layer. The second opening has a
second trace portion in a region adjacent to the second contact pad and a second contact
portion over the second contact pad. The second contact portion makes electrical contact to
the second contact pad. The second trace portion has a width and the second contact portion
has a width not substantially exceeding a minimum of the width of the second trace portion.
In one form conductive material is formed in the second opening to make electrical contact to
the second contact pad in the second contact portion and a second conductive trace is formed
in the second trace portion whereby the second conductive line is formed. In another form
the first and second contact pads are separated at a pitch that is no greater than 70
micrometers. In yet another form a second dielectric layer is formed over the first dielectric
layer. An dpening in the second dielectric layer is formed wherein the first contact pad and
the second contact pad are in the opening in the second dielectric layer. A region is directly
between the first contact pad and the second pad. The first trace portion and the second trace
portion are over the second dielectric layer, and the opening in the second dielectric layer
includes the region directly between the first and second contact pads.

Benefits, other advantages, and solutions to problems have been described above with
regard to specific embodiments. However, the benefits, advantages, solutions to problems,
and any element(s) that may cause any benefit, advantage, or solution to occur or become
more pronounced are not to be construed as a critical, required, or essential feature or element
of any or all the claims. As used herein, the terms "comprises," "comprising," or any other

variation thereof, are intended to cover a non-exclusive inclusion, such that a process,
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method, article, or apparatus that comprises a list of elements does not include only those
elements but may include other elements not expressly listed or inherent to such process,
method, article, or apparatus. The terms “a” or “an”, as used herein, are defined as one or
more than one. The term “plurality”, as used herein, is defined as two or more than two. The
term “another”, as used herein, is defined as at least a second or more. The terms “including”
and/or “having”, as used herein, are defined as “comprising” (i.e., open language). The term
“coupled”, as used herein, is defined as connected, although not necessarily directly, and not

necessarily mechanically.
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CLAIMS

What is claimed is:

1.

3.

A method for contacting contact pads of an integrated circuit, comprising:

providing a dielectric layer over the integrated circuit and the contact pads;

forming an opening in the dielectric layer to expose the contact pads whereby
a portion of the dielectric layer is removed between adjacent contact
pads;

forming a seed layer over the dielectric layer and the contact pads after
forming the opening;

forming a photoresist layer over the seed layer;

patterning the photoresist layer to form openings in the photoresist layer to the
contact pads, wherein the openings in the photoresist layer form lines
with widths, wherein a remainder of the photoresist layer masks a first
portion of the seed layer;

forming metal in the openings in the photoresist layer to make electrical
contact to the contact pads;

removing the remainder of the photoresist layer; and

removing the first portion of the seed layer.

The method of claim 1 wherein the step of patterning the photoresist layer exposes the
seed layer in the openings in the photoresist layer and covers the first portion of the

seed layer with the remainder of the photoresist layer.

The method of claim 1, wherein the contact pads have a pitch that is no greater than

70 micrometers.

4.

The method of claim 1, wherein the contact pads are along a periphery of the

integrated circuit.

3.

The method of claim 1, wherein the seed layer comprises at least one of titanium,

tungsten or copper.
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6. The method of claim 1, wherein the minimum widths for the lines occurs over the contact

pads.

7. The method of claim 1, wherein the remainder of the photoresist layer covers a

portion of the contact pads.

8. The method of claim 1, wherein the contact pads have two edges aligned along two
lines parallel to an adjacent periphery of the integrated circuit, wherein the opening in the
dielectric layer has a length along a periphery of the integrated circuit and a width that is

within the two lines.

9. An interconnect structure over an integrated circuit structure, wherein the integrated
circuit structure has a plurality of contact pads, comprising:

a plurality of lines running over the integrated circuit structure having trace
portions in a region adjacent to the plurality of contact pads and
contact portions over the plurality of contact pads, wherein:

the contact portions make electrical contact to the plurality of
contact pads; and

the trace portions are over a dielectric layer and the plurality of
contact pads are in a single opening in the dielectric

layer.

10. The interconnect structure of claim 9, wherein the plurality of contact pads are adjacent

and have a pitch that is not greater than 70 micrometers.

11. The interconnect structure of claim 9, wherein:
the trace portions have a width; and
the contact portions have a width not exceeding a minimum of the width of the

trace portions.

13-



10

15

20

25

30

WO 2007/055863 PCT/US2006/040020

12. The interconnect structure of claim 11, wherein the plurality of contact pads have two
edges aligned along two lines parallel to an adjacent periphery of the integrated circuit
structure, wherein the single opening in the dielectric layer has a length along a periphery of

the integrated circuit structure and a width that is within the two lines.

13. A method of forming a first conductive line to a first contact pad, wherein the first
contact pad is over a portion of a first dielectric layer, comprising:
forming a seed layer over the first dielectric layer and the first contact pad;
forming a photoresist layer over the first dielectric layer;
patterning the photoresist layer to form a first opening in the photoresist layer
and leave a remaining portion of the photoresist layer, wherein:
the first opening has a first trace portion in a region adjacent to
the first contact pad, and the first opening has a first
contact portion over the first contact pad,
the first contact portion makes electrical contact to the first
contact pad;
the first trace portion has a width; and
the first contact portion has a width not substantially exceeding
a minimum of the width of the first trace portion; and
forming conductive material in the first opening to make electrical contact to
the first contact pad in the first contact portion and a first conductive
trace in the first trace portion, whereby the first conductive line is

formed.

14.  The method of claim 13, further comprising:
forming a second dielectric layer over the first dielectric layer; and
forming an opening in the second dielectric layer; wherein
the first contact pad is in the opening in the second dielectric
layer; and

the first trace portion is over the second dielectric layer.
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15.  The method of claim 13 wherein the step of patterning the photoresist layer exposes
the seed layer in the first opening of the photoresist layer and covers a first portion of the seed
layer with the remaining portion of the photoresist layer, further comprising:

removing the remaining portion of the photoresist layer; and

removing the first portion of the seed layer.

16. The method of claim 13, wherein the seed layer comprises titanium, tungsten, and

copper.

17. The method of claim 13, wherein:
the method is further for forming a second conductive line to a second contact
pad, wherein the second contact pad is over a second portion of the
first dielectric layer,
the step of forming a seed layer is further characterized as being over the
second contact pad;
the step of patterning the photoresist layer is further characterized as forming a
second opening in the photoresist layer wherein:
the second opening has a second trace portion in a region
adjacent to the second contact pad, and the second
opening has a second contact portion over the second
contact pad,
the second contact portion makes electrical contact to the
second contact pad;
the second trace portion has a width; and
the second contact portion has a width not substantially
exceeding a minimum of the width of the second trace
portion; and
the step of forming conductive material is further characterized as forming
conductive material in the second opening to make electrical contact to
the second contact pad in the second contact portion and a second
conductive trace in the second trace portion whereby the second

conductive line 1s formed.
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18. The method of claim 17, wherein the first and second contact pads are separated at a

pitch that is no greater than 70 micrometers.

19. The method of claim 17, further comprising:
5 forming a second dielectric layer over the first dielectric layer; and
forming an opening in the second dielectric layer; wherein
the first contact pad and the second contact pad are in the
opening in the second dielectric layer;
a region is directly between the first contact pad and the second
10 contact pad;
the first trace portion and the second trace portion are over the
second dielectric layer; and
the opening in the second dielectric layer includes the region
directly between the first and second contact pads.
15
20. The method of claim 17, wherein the first and second contact pads are along a periphery

of an integrated circuit.

-16-
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