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PACKAGE SUBSTRATE WITH TESTING PADS ON FINE PITCH TRACES

BACKGROUND

Field

[0001] Various features relate to a package substrate with testing pads on fine pitch
traces.

Background

[0002] A thermal compression bonding process is a process used to assemble /
package a flip chip, die or semiconductor device to a package substrate. Such a flip chip
is often referred to as a thermal compression flip chip (TCFC). Thermal compression
bonding processes provide several advantages over traditional bonding processes. For
example, thermal compression bonding processes are generally more accurate than other
solder bonding processes. Thus, thermal compression bonding processes are ideal when
using fine pitch traces on a substrate (e.g., less than 100 microns (um)). In contrast,
other solder bonding processes are limited to a bonding pitch that is greater than 100
microns (um). Thus, TCFCs are typically higher density chips than chips using other
bonding processes.

[0003] However, testing package substrates having fine pitch traces (e.g., 100
microns (um) or less) can be challenging and difficult due to the small size of the
pitches of the traces. Specifically, fine pitch traces may result in misalignment when
pins of a testing device are connected to the traces on the substrate. FIG. 1 illustrates
such an example. Specifically, FIG. 1 conceptually illustrates a package substrate 100
that includes several fine pitch traces 102. FIG. 1 also illustrates several testing pins 104
being electrically coupled to the traces 102. As shown in FIG. 1, the testing pins 104 are
not aligned with the traces 102. The result of this misalignment is that the package
substrate may not be properly tested.

[0004] Therefore, there is a need for an improved method for testing package
substrates with fine pitch traces. Ideally, such a solution will be cost effective and

reduce testing errors due to misalignment of testing pins of a testing device.

SUMMARY
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[0005] Various features relate to a package substrate with testing pads on fine pitch
traces.

[0006] A first example provides a substrate that includes several traces, a solder
resist layer covering the several traces, and a testing pad coupled to a trace from the
several traces. The testing pad is at least partially exposed and at least partially free of
the solder resist layer when a chip is coupled to the substrate.

[0007] According to an aspect, the several traces have a pitch that is 100 microns
(um) or less. In some implementations, the substrate is a package substrate. In some
implementations, the package substrate is a package substrate on which a fine pitch flip
chip is mounted during an assembly process. In some implementations, the fine pitch
flip chip is a thermo-compression flip chip. In some implementations, the fine pitch flip
chip is a mass reflow flip chip.

[0008] According to one aspect, the testing pad is free of a direct connection with a
bonding component of the chip when the chip is coupled to the substrate. In some
implementations, the bonding component is one of a solder ball. In some
implementations, the bonding component is one of a solder ball.

[0009] According to an aspect, the testing pad is a via pad that traverses at least part
of the substrate.

[0010] According to one aspect, the testing pad has a width that is larger than the
width of the trace to which the testing pad is coupled to.

[0011] According to an aspect, the testing pad is configured to couple to a pin of a
testing device during testing of the substrate.

[0012] According to one aspect, the substrate is incorporated into at least one of a
music player, a video player, an entertainment unit, a navigation device, a
communications device, a mobile device, a mobile phone, a smartphone, a personal
digital assistant, a fixed location terminal, a tablet computer, and/or a laptop computer.
[0013] A second example provides a substrate that includes several traces, a solder
resist layer covering the several traces, and a means for testing the substrate. The means
for testing is coupled to a trace from the several traces. The means for testing is at least
partially exposed and at least partially free of the solder resist layer when a chip is
coupled to the substrate.

[0014] According to an aspect, the several traces have a pitch that is 100 microns

(um) or less. In some implementations, the substrate is a package substrate. In some
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implementations, the package substrate is a package substrate on which a fine pitch flip
chip is mounted during an assembly process. In some implementations, the fine pitch
flip chip is a thermo-compression flip chip. In some implementations, the fine pitch flip
chip is a mass reflow flip chip.

[0015] According to one aspect, the means for testing is free of a direct connection
with a bonding component of the chip when the chip is coupled to the substrate. In some
implementations, the bonding component is one of a solder ball. In some
implementations, the bonding component is one of a solder ball.

[0016] According to an aspect, the means for testing is a via pad that traverses at
least part of the substrate.

[0017] According to one aspect, the means for testing has a width that is larger than
the width of the trace to which the testing pad is coupled to.

[0018] According to an aspect, the means for testing is configured to couple to a pin
of a testing device during testing of the substrate.

[0019] According to one aspect, the substrate is incorporated into at least one of a
music player, a video player, an entertainment unit, a navigation device, a
communications device, a mobile device, a mobile phone, a smartphone, a personal
digital assistant, a fixed location terminal, a tablet computer, and/or a laptop computer.
[0020] A third example provides a method for providing a substrate. The method
provides a substrate that includes several traces. The method provides a solder resist
layer covering the several traces. The method removes a portion of the solder resist
layer to at least partially expose at least one testing pad, the testing pad being at least
partially exposed and at least partially free of the solder resist layer when a chip is
coupled to the substrate.

[0021] According to an aspect, the method further couples the substrate to the chip
such that the testing pad remains at least partially exposed and at least partially free of
the solder resist layer.

[0022] According to an aspect, the several traces have a pitch that is 100 microns
(um) or less. In some implementations, the substrate is a package substrate. In some
implementations, the package substrate is a package substrate on which a fine pitch flip
chip is mounted during an assembly process. In some implementations, the fine pitch
flip chip is a thermo-compression flip chip. In some implementations, the fine pitch flip

chip is a mass reflow flip chip.
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[0023] According to one aspect, the testing pad is free of a direct connection with a
bonding component of the chip when the chip is coupled to the substrate. In some
implementations, the bonding component is one of a solder ball. In some
implementations, the bonding component is one of a solder ball.

[0024] According to an aspect, the testing pad is a via pad that traverses at least part
of the substrate.

[0025] According to one aspect, the testing pad has a width that is larger than the
width of the trace to which the testing pad is coupled to.

[0026] According to an aspect, the testing pad is configured to couple to a pin of a
testing device during testing of the substrate.

[0027] According to one aspect, the method further incorporates the substrate into at
least one of a music player, a video player, an entertainment unit, a navigation device, a
communications device, a mobile device, a mobile phone, a smartphone, a personal

digital assistant, a fixed location terminal, a tablet computer, and/or a laptop computer.

DRAWINGS
[0028] Various features, nature and advantages may become apparent from the
detailed description set forth below when taken in conjunction with the drawings in
which like reference characters identify correspondingly throughout.
[0029] FIG. 1 illustrates a package substrate that includes several fine pitch traces.
[0030] FIGS. 2A-2B illustrate a top view sequence for manufacturing a package
substrate that includes testing pads on fine pitch traces.
[0031] FIGS. 3A-3B illustrate a side view sequence for manufacturing a package
substrate that includes testing pads on fine pitch traces.
[0032] FIGS. 4A-4D illustrate another sequence for manufacturing a package
substrate that includes testing pads on fine pitch traces.
[0033] FIG. § illustrates a detailed view of a sequence for manufacturing a package
substrate that includes testing pads on fine pitch traces.
[0034] FIG. 6 illustrates a flow diagram for manufacturing a package substrate that
includes testing pads on fine pitch traces.
[0035] FIG. 7 illustrates various electronic devices that may be integrated with any

of the aforementioned integrated circuit, die, chip, die package and/or substrate.

DETAILED DESCRIPTION
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[0036] In the following description, specific details are given to provide a thorough
understanding of the various aspects of the disclosure. However, it will be understood
by one of ordinary skill in the art that the aspects may be practiced without these
specific details. For example, circuits may be shown in block diagrams in order to avoid
obscuring the aspects in unnecessary detail. In other instances, well-known circuits,
structures and techniques may not be shown in detail in order not to obscure the aspects

of the disclosure.

Overview

[0037] Some novel features pertain to a substrate that includes several traces, a
solder resist layer covering the several traces, and a testing pad coupled to a trace from
the several traces. The testing pad is at least partially exposed and at least partially free
of the solder resist layer when a chip is coupled to the substrate. In some
implementations, the several traces have a pitch that is 100 microns (um) or less. In
some implementations, traces that have a pitch of 100 microns (um) or less may be
referred as fine pitch traces. In some implementations, the substrate is a package
substrate. In some implementations, the package substrate is a package substrate on
which a thermal compression flip chip is mounted during an assembly process. In some
implementations, the package substrate is a package substrate on which a mass reflow
flip chip is mounted during an assembly process. In some implementations, the testing
pad is free of a direct connection with a bonding component of the chip when the chip is
coupled to the substrate. In some implementations, the bonding component is one of a
solder ball.

Exemplary Sequence for Manufacturing a Package Substrate With Testing Pads

[0038] FIGS. 2A-2B conceptually illustrate a top view sequence of how a package
substrate that includes fine pitch traces can be manufactured in order to reduce
misalignment during testing of the package substrate. Specifically, FIGS. 2A-2B
illustrate a top view sequence for manufacturing a package substrate that includes
testing pads on fine pitch traces. In some implementations, fine pitch traces are traces
that have a pitch of 100 microns (um) or less. A pitch of a trace may be a center to
center distance between tow neighboring traces. In some implementations, the package

substrate is a package substrate on which a fine pitch flip chip is mounted on during an
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assembly process. In some implementations, a fine pitch flip chip may be a flip chip /
die that has an input / output (I/O) connection pitch of 100 microns (um) or less. In
some implementations, an I/O connection pitch of a flip chip is a center to center
distance between two neighboring I/O connections (e.g., under bump metallization
(UBM) structures, bumps). In some implementations, these 1/0 connections are
interconnects that are coupled to traces (e.g., fine pitch traces) on a package substrate.
Examples of a fine pitch flip chip may include a thermo-compression / thermal
compression flip chip / die and mass reflow flip chip / die in some implementations.
[0039] As shown in FIG. 2A, at stage 1, a package substrate 200 includes several
traces (e.g., traces 202-204) and several pads (e.g., via pad 206) at the end of at least
some of the traces. The traces are fine pitch traces that have a pitch of 100 microns (pm)
or less. In some implementations, a trace pitch defines a center to center distance
between two neighboring traces.

[0040] As further shown in FIG. 2B, at stage 2, the package substrate 200 is at least
partially covered with a solder resist layer 208. At stage 2, the pads (e.g., via pad 206)
and some portions of the traces are covered with the solder resist layer 208, leaving
other portions of the traces exposed (e.g., leaving other portions of the traces free of the
solder resist layer 208). Thus, stage 2 of FIG. 2B illustrates traces (e.g., trace 202) that
include a covered portion (e.g., covered with the solder resist layer 208) and an exposed
portion (e.g., free of the solder resist layer 208). In some implementations, the exposed
portion of the trace is the portion of the trace that a die (e.g., thermal compression flip
chip) is coupled to during an assembly process of a die to the package substrate 200. For
example, in some implementations, the exposed portion of the trace is the portion of the
trace that a bonding component (e.g., solder ball) of the die is coupled to during an
assembly process of a die to the package substrate 200 (e.g., when a die is mounted on
the package substrate).

[0041] At stage 3 of FIG. 2B, the package substrate 200 includes testing pads that a
pin of a testing device may couple to during testing of the package substrate 200. As
shown in stage 3, some or all of the pads (e.g., via pad 206) are now at least partially
exposed and no longer covered with the solder resist layer 208 (at least partially free of
the solder resist layer 208). Once the solder resist layer 208 above the pads has been
removed (e.g., etched), the pads may function as testing pads configured to couple to

testing pins of a testing device during the testing of the package substrate. Different
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implementations may remove the solder resist layer 208 above the pads (e.g., via pad
206) differently. In some implementations, an etching process may be used (e.g., using
laser etching) to selectively remove portions of the solder resist layer 208.

[0042] Some traces (e.g., trace 202) may initially not have any via pads. For
example, trace 202 at stage 1 does not include any via pads. In some implementations, a
pad (e.g. testing pad) may be added to a trace after a solder resist layer has been
provided (e.g., deposited) on the package substrate 200. As shown at stage 3 of FIG. 2B,
several testing pads (e.g., testing pads 210-214) have been added to the package
substrate 200 after the solder resist layer 208 has been provided. The testing pads 210-
214 are at least partially exposed and are not covered by the solder resist layer 208 (at
least partially free of the solder resist layer 208). In some implementations, the testing
pads 210-214 are configured to couple to a pin of a testing device during testing of the
substrate.

[0043] Different implementations may add / create / manufacture the testing pads
differently. In some implementations, a portion of the solder resist layer 208 above a
portion of a trace (e.g., trace 202) is etched away, leaving an opening in the solder resist
layer 208 and exposing a portion of the trace (e.g., portion of trace 202). A metal layer /
component (e.g., copper) is then deposited / added to the portion of the package
substrate and trace that is left exposed as a result of the removing (e.g., etching) of the
solder resist layer 208.

[0044] FIGS. 2A-2B conceptually illustrate a top view of how a package substrate
that includes fine pitch traces can be manufactured in order to reduce misalignment
during testing of the package substrate. However, the sequence and process is not
limited to a package substrate. Consequently, the sequence and process can be applied
to other substrates as well. A sequence and process for manufacturing a similar package
substrate that includes fine pitch traces will now be described from a side view
perspective.

[0045] FIGS. 3A-3B conceptually illustrate a side view sequence of how a package
substrate that includes fine pitch traces can be manufactured in order to reduce
misalignment during testing of the package substrate. Specifically, FIGS. 3A-3B
illustrate a side view sequence for manufacturing a package substrate that includes
testing pads on fine pitch traces. In some implementations, the package substrate of

FIGS. 3A-3B is a package substrate on which a fine pitch flip chip is mounted on during
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an assembly process. In some implementations, a fine pitch flip chip may be a flip chip
that has an input / output (I/O) connection pitch of 100 microns (um) or less. In some
implementations, an I/O connection pitch of a flip chip / die is a center to center
distance between two neighboring I/O connections (e.g., under bump metallization
(UBM) structures, bumps). In some implementations, these 1/0 connections are
interconnects that are coupled to traces (e.g., fine pitch traces) on a package substrate.
Examples of a fine pitch flip chip may include a thermo-compression / thermal
compression flip chip / die and mass reflow flip chip / die in some implementations.
[0046] As shown in FIG. 3A, at stage 1, a package substrate 300 includes several
traces (e.g., traces 302-304) and at least one pad (e.g., via pad 306) at the end of at least
some of the traces. The traces are fine pitch traces that have a pitch of 100 microns (pm)
or less. In some implementations, a pitch defines a center to center distance between
two neighboring traces.

[0047] As shown at stage 2, the package substrate 300 is at least partially covered
with a solder resist layer 308. Although not visible from a side view, at stage 2, the pads
(e.g., via pad 306) and some portions of the traces are covered with the solder resist
layer 308, leaving other portions of the traces exposed (e.g., leaving other portions of
the traces free of the solder resist layer 308). Thus, stage 2 of FIG. 3A illustrates traces
(e.g., trace 302) that include a covered portion (e.g., covered with the solder resist layer
308) and an exposed portion (e.g., free of the solder resist layer 308). In some
implementations, the exposed portion of the trace is the portion of the trace that a die
(e.g., thermal compression flip chip) is coupled to during an assembly process of a die
to the package substrate 300. For example, in some implementations, the exposed
portion of the trace is the portion of the trace that a bonding component (e.g., solder
ball) of the dic is coupled to during an assembly process of a die to the package
substrate 300 (e.g., when a die is mounted on the package substrate).

[0048] At stage 3 of FIG. 3A, the package substrate 300 includes testing pads that a
pin of a testing device may couple to during testing of the package substrate 300. As
shown in stage 3, some or all of the pads (e.g., via pad 306) are now at least partially
exposed and no longer covered with the solder resist layer 308 (at least partially free of
the solder resist layer 308). Once the solder resist layer 308 above the pads has been
removed (e.g., etched), the pads may function as testing pads configured to couple to

testing pins of a testing device during the testing of the package substrate. Different
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implementations may remove the solder resist layer 308 above the pads (e.g., via pad
306) differently. In some implementations, an etching process may be used (e.g., using
laser etching) to selectively remove portions of the solder resist layer 308.

[0049] Some traces (e.g., trace 304) may initially not have any via pads. For
example, trace 304 does not include any via pads. In some implementations, a pad (e.g.
testing pad) may be added to a trace after a solder resist layer has been provided (e.g.,
deposited) on the package substrate 300. As shown at stage 3, an opening 309 in the
solder resist layer 308 has been created above a portion of the trace 304. In some
implementations, the opening 309 is created by removing (e.g., etching) a portion of the
solder resist layer 308.

[0050] As shown at stage 4 of FIG. 3B, a testing pad 310 has been added to the
package substrate 300 after the solder resist layer 308 has been provided. In some
implementations, the testing pad 310 is created by a metal layer / component (e.g.,
copper) that is deposited / added to the portion of the package substrate 300 and trace
304 that is left exposed as a result of the removing (e.g., etching) of the solder resist
layer 308. The testing pad 310 is at least partially exposed and is not covered by the
solder resist layer 308 (at least partially free of the solder resist layer 308). In some
implementations, the testing pad 310 is configured to couple to a pin of a testing device
during testing of the substrate. Different implementations may add / create /
manufacture the testing pads differently.

[0051] FIGS. 3A-3B conceptually illustrate a side view of how a package substrate
that includes fine pitch traces can be manufactured in order to reduce misalignment
during testing of the package substrate. However, the sequence and process is not
limited to a package substrate. Consequently, the sequence and process can be applied
to other substrates as well.

[0052] A sequence and process for manufacturing a similar package substrate that
includes fine pitch traces will now be described from top and side view perspectives to
better illustrate exposed and covered portions of a package substrate.

[0053] FIGS. 4A-4D conceptually illustrate a top view and a side view sequence of
how a package substrate that includes fine pitch traces can be manufactured in order to
reduce misalignment during testing of the package substrate. Specifically, FIGS. 4A-4D
illustrate a top view and a side view sequence for manufacturing a package substrate

that includes testing pads on fine pitch traces. FIGS. 4A-4D is similar to FIGS. 3A-3B,
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except that it also includes a top view perspective. It should be noted that the side view
of FIGS. 4A-4D is a cross section of the top view from the perspective of the A-A plane
of the top view of FIGS. 4A-4D.

[0054] As shown in FIG. 4A, at stage 1, a package substrate 400 includes several
traces (e.g., traces 402-404) and at least one pad (e.g., via pad 406) at the end of at least
some of the traces. The traces are fine pitch traces that have a pitch of 100 microns (pm)
or less. In some implementations, a pitch defines a center to center distance between
two neighboring traces.

[0055] As shown in FIG. 4B, at stage 2, the package substrate 300 is at least
partially covered with a solder resist layer 308. At stage 2, the pads (e.g., via pad 306)
and some portions of the traces are covered with the solder resist layer 308, leaving
other portions of the traces exposed (e.g., leaving other portions of the traces free of the
solder resist layer 308). Thus, stage 2 of FIG. 4B illustrates traces (e.g., trace 302) that
include a covered portion (e.g., covered with the solder resist layer 308) and an exposed
portion (e.g., free of the solder resist layer 308). In some implementations, the exposed
portion of the trace is the portion of the trace that a die (e.g., thermal compression flip
chip) is coupled to during an assembly process of a die to the package substrate 300. For
example, in some implementations, the exposed portion of the trace is the portion of the
trace that a bonding component (e.g., solder ball) of the die is coupled to during an
assembly process of a die to the package substrate 300 (e.g., when a die is mounted on
the package substrate).

[0056] As shown at stage 3 of FIG. 4C, the package substrate 300 includes testing
pads that a pin of a testing device may couple to during testing of the package substrate
300. As shown in stage 3, some or all of the pads (e.g., via pad 306) are now at least
partially exposed and no longer covered with the solder resist layer 308 (at least
partially free of the solder resist layer 308). Once the solder resist layer 308 above the
pads has been removed (e.g., etched), the pads may function as testing pads configured
to couple to testing pins of a testing device during the testing of the package substrate.
Different implementations may remove the solder resist layer 308 above the pads (e.g.,
via pad 306) differently. In some implementations, an etching process may be used
(e.g., using laser etching) to selectively remove portions of the solder resist layer 308.
[0057] Some traces (e.g., trace 304) may initially not have any via pads. For

example, trace 304 does not include any via pads. In some implementations, a pad (e.g.
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testing pad) may be added to a trace after a solder resist layer has been provided (e.g.,
deposited) on the package substrate 300. As shown at stage 3, an opening 309 in the
solder resist layer 308 has been created above a portion of the trace 304. In some
implementations, the opening 309 is created by removing (e.g., etching) a portion of the
solder resist layer 308.

[0058] As shown at stage 4 of FIG. 4D, a testing pad 310 has been added to the
package substrate 300 after the solder resist layer 308 has been provided. In some
implementations, the testing pad 310 is created by a metal layer / component (e.g.,
copper) that is deposited / added to the portion of the package substrate 300 and trace
304 that is left exposed as a result of the removing (e.g., etching) of the solder resist
layer 308. The testing pad 310 is at least partially exposed and is not covered by the
solder resist layer 308 (at least partially free of the solder resist layer 308). In some
implementations, the testing pad 310 is configured to couple to a pin of a testing device
during testing of the substrate. Different implementations may add / create /
manufacture the testing pads differently.

[0059] The sequence of FIGS. 4A-4D illustrates an example of a sequence for
manufacturing testing pads on a package substrate. In some implementations, the
package substrate of FIGS. 4A-4D is a package substrate on which a fine pitch flip chip
is mounted on during an assembly process. In some implementations, a fine pitch flip
chip may be a flip chip / die that has an input / output (I/O) connection pitch of 100
microns (um) or less. In some implementations, an I/O connection pitch of a flip chip /
die is a center to center distance between two neighboring I/0 connections (e.g., under
bump metallization (UBM) structures, bumps). In some implementations, these I/O
connections are interconnects that are coupled to traces (e.g., fine pitch traces) on a
package substrate. Examples of a fine pitch flip chip may include a thermo-compression
/ thermal compression flip chip / die and mass reflow flip chip / die in some
implementations.

[0060] FIGS. 4A-4D conceptually illustrates top and side views of how a package
substrate that includes fine pitch traces can be manufactured in order to reduce
misalignment during testing of the package substrate. However, the sequence and
process is not limited to a package substrate. Consequently, the sequence and process

can be applied to other substrates as well.
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[0061] FIG. 5 conceptually illustrates a more detailed top view of how a package
substrate that includes fine pitch traces can be manufactured in order to reduce
misalignment during testing of the package substrate. As shown in FIG. 5, during stage
1, a package substrate 500 includes several traces (e.g., trace 502) and several pads.
These traces are fine pitch traces having a pitch of 100 microns (um) or less. The pads
may be via pads in some implementations. FIG. 5 also illustrates that a solder resist
layer 504 covering some portions of some of the traces, leaving other portions of the
traces exposed (e.g., leaving other portions of the traces free of the solder resist layer
504). For example, a region 506 of the package substrate is exposed and free of the
solder resist layer 504. In some implementations, the exposed region 506 is the region
of the package substrate 500 that a die / chip (e.g., thermal compression flip chip) is
coupled to during an assembly process of a die / chip to a package substrate.

[0062] Stage 2 of FIG. 5 illustrates the package substrate 500 that includes testing
pads that a testing pin of a testing device may couple to during testing of the package
substrate. As shown in stage 2, some or all of the pads (e.g., via pads) in region 508 of
the package substrate 500 are now at least partially exposed and no longer covered with
the solder resist layer 504 (at least partially free of the solder resist layer). In some
implementations, one or more of these exposed pads are testing pads on which pins of a
testing device may be coupled to during a test of the package substrate. Different
implementations may remove the solder resist layer 504 above the pads (e.g., via pads)
differently. In some implementations, an etching process may be used (e.g., using laser
etching) to selectively remove portions of the solder resist layer 504.

[0063] The sequence of FIG. 5 illustrates an example of a shortened sequence for
manufacturing testing pads on a package substrate. In some implementations, the
package substrate of FIG. 5 is a package substrate on which a fine pitch flip chip is
mounted on during an assembly process. In some implementations, a fine pitch flip chip
may be a flip chip / die that has an input / output (I/O) connection pitch of 100 microns
(um) or less. In some implementations, an I[/O connection pitch of a flip chip / die is a
center to center distance between two neighboring I/O connections (e.g., under bump
metallization (UBM) structures, bumps). In some implementations, these 1/O
connections are interconnects that are coupled to traces (e.g., fine pitch traces) on a

package substrate. Examples of a fine pitch flip chip may include a thermo-compression
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/ thermal compression flip chip / die and mass reflow flip chip / die in some
implementations.

[0064] Having described various examples of a package substrate that includes
testing pads on fine pitch traces, a method for manufacturing a package substrate that

includes testing pads on fine pitch traces will now be described below.

Exemplary Method for Manufacturing a Package Substrate With Testing Pads
[0065] FIG. 6 illustrates a flow diagram for providing / manufacturing a package
substrate that includes testing pads on fine pitch traces. The method provides (at 605) a
substrate (e.g., package substrate) that includes several traces and several pads (e.g., via
pads). In some implementations, the substrate is a package substrate on which a thermal
compression flip chip is mounted during an assembly process. FIGS. 2A and 4A
illustrate examples of providing a substrate that includes several traces and several pads
(e.g., via pads). In some implementations, the traces are fine pitch traces that have a
pitch of 100 microns (um) or less. In some implementations, a trace pitch defines a
center to center distance between two neighboring traces.

[0066] The method provides (at 610) a solder resist layer above the several traces
and the several pads of the substrate. In some implementations, only a portion of the
substrate (e.g., package substrate) is covered by the solder resist layer. Consequently, in
some implementations, only a portion of the traces on the substrate may be covered by
the solder resist layer. Stage 2 of FIG. 2B and FIG. 4B illustrate examples of providing
a solder resist layer above several traces and several pads (e.g., via pads).

[0067] The method removes (at 615) a portion of the solder resist layer to at least
partially expose at least one pad (e.g., via pad). Different implementations may remove
the solder resist layer to expose a pad differently. In some implementations, an etching
process may be used (e.g., using laser etching) to selectively remove portions of the
solder resist layer. In some implementations, removing a portion of the solder resist
layer creates an opening in the solder resist layer above the pad (e.g., via pad) The
exposed pad is at least partially free of the solder resist layer. The exposed pad (e.g.,
exposed via pad) is configured to be a testing pad configured to couple to a pin of a
testing device during testing of the substrate. In some implementations, the testing pad

is free of a direct connection with a bonding component of a die (e.g., flip chip) when



WO 2014/134059 PCT/US2014/018372

14

the die is coupled to the substrate. Stage 3 of FIG. 2B and FIG. 4C illustrate examples
of removing a portion of a solder resist layer to expose a pad (e.g., via pad).

[0068] The method removes (at 620) a portion of the solder resist layer to at least
partially expose one portion of a trace. Different implementations may remove the
solder resist layer to expose a portion of a trace differently. In some implementations, an
etching process may be used (e.g., using laser etching) to selectively remove portions of
the solder resist layer. In some implementations, removing a portion of the solder resist
layer creates an opening in the solder resist layer above a portion of the trace. The
exposed portion of the trace is at least partially free of the solder resist layer. In some
implementations, removing (at 620) the portion of the solder resist layer to at least
partially expose a portion of a trace is performed before or concurrently with removing
(at 615) the portion of the solder resist layer to at least partially expose one or more pads
(e.g., via pads). FIG. 4C illustrate an example of removing a portion of a solder resist
layer to expose a portion of a trace.

[0069] The method provides (at 625) a testing pad on the at least partially exposed
portion of the trace. Different implementations may provide the testing pad differently.
In some implementations, the testing pad is provided (e.g., created) by a metal layer /
component (e.g., copper) that is deposited / added to the portion of the package substrate
and trace that is left exposed as a result of the removing (e.g., etching) of the solder
resist layer (e.g., in the opening of the solder resist layer). In some implementations, the
testing pad is at least partially exposed and is not covered by the solder resist layer (at
least partially free of the solder resist layer. In some implementations, the testing pad is
configured to couple to a pin of a testing device during testing of the substrate. In some
implementations, the testing pad is free of a direct connection with a bonding
component of a die (e.g., flip chip) when the die is coupled to the substrate. Stage 3 of
FIG. 2B and FIG. 4D illustrate examples of providing testing pads on package substrate.
[0070] The method of FIG. 6 illustrates an example of a method for manufacturing a
package substrate with testing pads. In some implementations, the package substrate is a
package substrate on which a fine pitch flip chip is mounted on during an assembly
process. In some implementations, a fine pitch flip chip may be a flip chip / die that has
an input / output (I/O) connection pitch of 100 microns (um) or less. In some
implementations, an /O connection pitch of a flip chip / die is a center to center

distance between two neighboring I/O connections (e.g., under bump metallization
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(UBM) structures, bumps). In some implementations, these 1/0 connections are
interconnects that are coupled to traces (e.g., fine pitch traces) on a package substrate.
Examples of a fine pitch flip chip may include a thermo-compression / thermal

compression flip chip / die and mass reflow flip chip / die in some implementations.

Exemplary Electronic Devices

[0071] FIG. 7 illustrates various electronic devices that may be integrated with any
of the aforementioned integrated circuit, die, chip or package. For example, a mobile
telephone 702, a laptop computer 704, and a fixed location terminal 706 may include an
integrated circuit (IC) 700 as described herein. The IC 700 may be, for example, any of
the integrated circuits, dice or packages described herein. The devices 702, 704, 706
illustrated in FIG. 7 are merely exemplary. Other electronic devices may also feature the
IC 700 including, but not limited to, mobile devices, hand-held personal communication
systems (PCS) units, portable data units such as personal digital assistants, GPS enabled
devices, navigation devices, set top boxes, music players, video players, entertainment
units, fixed location data units such as meter reading equipment, communications
devices, smartphones, tablet computers or any other device that stores or retricves data
or computer instructions, or any combination thereof.

[0072] One or more of the components, steps, features, and/or functions illustrated
in FIGS. 2A-2B, 3A-3B, 4A-4D, 5, 6 and/or 7 may be rearranged and/or combined into
a single component, step, feature or function or embodied in several components, steps,
or functions. Additional elements, components, steps, and/or functions may also be
added without departing from the invention.

[0073] One or more of the components, steps, features and/or functions illustrated in
the FIGs may be rearranged and/or combined into a single component, step, feature or
function or embodied in several components, steps, or functions. Additional elements,
components, steps, and/or functions may also be added without departing from novel
features disclosed herein. The apparatus, devices, and/or components illustrated in the
FIGs may be configured to perform one or more of the methods, features, or steps
described in the FIGs. The novel algorithms described herein may also be efficiently
implemented in software and/or embedded in hardware.

[0074] The word “exemplary” is used herein to mean “serving as an example,

instance, or illustration.” Any implementation or aspect described herein as
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“exemplary” is not necessarily to be construed as preferred or advantageous over other
aspects of the disclosure. Likewise, the term “aspects” does not require that all aspects
of the disclosure include the discussed feature, advantage or mode of operation. The
term “coupled” is used herein to refer to the direct or indirect coupling between two
objects. For example, if object A physically touches object B, and object B touches
object C, then objects A and C may still be considered coupled to one another—even if
they do not directly physically touch each other. The term “die package” is used to refer
to an integrated circuit wafer that has been encapsulated or packaged or encapsulated.
[0075] Also, it is noted that the embodiments may be described as a process that is
depicted as a flowchart, a flow diagram, a structure diagram, or a block diagram.
Although a flowchart may describe the operations as a sequential process, many of the
operations can be performed in parallel or concurrently. In addition, the order of the
operations may be re-arranged. A process is terminated when its operations are
completed. A process may correspond to a method, a function, a procedure, a
subroutine, a subprogram, etc. When a process corresponds to a function, its termination
corresponds to a return of the function to the calling function or the main function.
[0076] Those of skill in the art would further appreciate that the various illustrative
logical blocks, modules, circuits, and algorithm steps described in connection with the
embodiments disclosed herein may be implemented as electronic hardware, computer
software, or combinations of both. To clearly illustrate this interchangeability of
hardware and software, various illustrative components, blocks, modules, circuits, and
steps have been described above generally in terms of their functionality. Whether such
functionality is implemented as hardware or software depends upon the particular
application and design constraints imposed on the overall system.

[0077] The various features of the invention described herein can be implemented in
different systems without departing from the invention. It should be noted that the
foregoing aspects of the disclosure are merely examples and are not to be construed as
limiting the invention. The description of the aspects of the present disclosure is
intended to be illustrative, and not to limit the scope of the claims. As such, the present
teachings can be readily applied to other types of apparatuses and many alternatives,

modifications, and variations will be apparent to those skilled in the art.
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CLAIMS
WHAT IS CLAIMED IS:

1. A substrate comprising:

a plurality of traces;

a solder resist layer covering the plurality of traces; and

a testing pad coupled to a trace from the plurality of traces, the testing pad being
at least partially exposed and at least partially free of the solder resist layer when a chip

is coupled to the substrate.

2. The substrate of claim 1, wherein the plurality of traces has a pitch that is 100

microns (um) or less.

3. The substrate of claim 1, wherein the substrate is a package substrate.

4. The substrate of claim 1, wherein the package substrate is a package substrate on

which a fine pitch flip chip is mounted during an assembly process.

5. The substrate of claim 1, wherein the fine pitch flip chip is one of at least a

thermo-compression chip and/or a mass reflow chip.

6. The substrate of claim 1, wherein the testing pad is free of a direct connection

with a bonding component of the chip when the chip is coupled to the substrate.

7. The substrate of claim 6, wherein the bonding component is one of a solder ball.

8. The substrate of claim 1, wherein the testing pad is a via pad that traverses at

least part of the substrate.

9. The substrate of claim 1, wherein the testing pad has a width that is larger than
the width of the trace to which the testing pad is coupled to.
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10. The substrate of claim 1, wherein the testing pad is configured to couple to a pin

of a testing device during testing of the substrate.

11. The substrate of claim 1, wherein the substrate is incorporated into at least one
of a music player, a video player, an entertainment unit, a navigation device, a
communications device, a mobile device, a mobile phone, a smartphone, a personal

digital assistant, a fixed location terminal, a tablet computer, and/or a laptop computer.

12. A substrate comprising:

a plurality of traces;

a solder resist layer covering the plurality of traces; and

a means for testing the substrate, the means for testing coupled to a trace from
the plurality of traces, the means for testing being at least partially exposed and at least

partially free of the solder resist layer when a chip is coupled to the substrate.

13. The substrate of claim 12, wherein the plurality of traces has a pitch that is 100

microns (um) or less.

14. The substrate of claim 12, wherein the substrate is a package substrate.

15. The substrate of claim 12, wherein the package substrate is a package substrate

on which a fine pitch flip chip is mounted during an assembly process.

16. The substrate of claim 12, wherein the fine pitch flip chip is one of at least a

thermo-compression chip and/or a mass reflow chip.

17. The substrate of claim 12, wherein the means for testing is free of a direct
connection with a bonding component of the chip when the chip is coupled to the

substrate.

18. The substrate of claim 17, wherein the bonding component is one of a solder

ball.
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19. The substrate of claim 12, wherein the means for testing is a via pad that

traverses at least part of the substrate.

20. The substrate of claim 12, wherein the means for testing has a width that is

larger than the width of the trace to which the means for testing is coupled to.

21. The substrate of claim 12, wherein the means for testing is configured to couple

to a pin of a testing device during testing of the substrate.

22. The substrate of claim 12, wherein the substrate is incorporated into at least one
of a music player, a video player, an entertainment unit, a navigation device, a
communications device, a mobile device, a mobile phone, a smartphone, a personal

digital assistant, a fixed location terminal, a tablet computer, and/or a laptop computer.

23. A method for providing a substrate, comprising:

providing a substrate that includes a plurality of traces;

providing a solder resist layer covering the plurality of traces; and

remove a portion of the solder resist layer to at least partially expose at least one
testing pad, the testing pad being at least partially exposed and at least partially free of

the solder resist layer when a chip is coupled to the substrate.
24, The method of claim 23, further comprising coupling the substrate to the chip
such that the testing pad remains at least partially exposed and at least partially free of

the solder resist layer.

25. The method of claim 23, wherein the plurality of traces has a pitch that is 100

microns (um) or less.

26. The method of claim 23, wherein the substrate is a package substrate.

27. The method of claim 23, wherein the package substrate is a package substrate on

which a fine pitch flip chip is mounted during an assembly process.
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28. The method of claim 23, wherein the fine pitch flip chip is one of at least a

thermo-compression chip and/or a mass reflow chip.

29. The method of claim 23, wherein the testing pad is free of a direct connection

with a bonding component of the chip when the chip is coupled to the substrate.

30. The method of claim 29, wherein the bonding component is one of a solder ball.

31. The method of claim 23, wherein the testing pad is a via pad that traverses at

least part of the substrate.

32. The method of claim 23, wherein the testing pad has a width that is larger than
the width of the trace to which the testing pad is coupled to.

33. The method of claim 23, wherein the testing pad is configured to couple to a pin

of a testing device during testing of the substrate.

34. The method of claim 23, further comprising incorporating the substrate into at
least one of a music player, a video player, an entertainment unit, a navigation device, a
communications device, a mobile device, a mobile phone, a smartphone, a personal

digital assistant, a fixed location terminal, a tablet computer, and/or a laptop computer.
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