APPARATUS AND METHODS FOR TOOL MARK FREE STITCH BONDING

CROSS-REFERENCE TO RELATED APPLICATION(S)
[0001] This application claims priority to U.S. Provisional Application No.
63/130,376 filed December 23, 2020, entitted APPARATUS AND METHODS FOR
TOOL MARK FREE STITCH BONDING, the disclosure of which is hereby expressly

incorporated by reference herein in its respective entirety.

BACKGROUND

Field

[0002] The present disclosure relates to wire bonding on semiconductor

devices.

Description of the Related Art

[0003] Wire bonding is an electrical interconnection technique that uses thin
wire and a combination of heat, pressure and/or ultrasonic energy. Wire bonding is a
solid phase welding process, where two metallic materials (e.g., wire and pad surface,
or wire and PCB lead surface) are brought into intimate contact. Once the materials are
in intimate contact, electron sharing or inter diffusion of atoms takes place, resulting in

the formation of a wire bond.

SUMMARY

[0004] In an aspect, the present disclosure relates to a method for wire bonding.
The method includes feeding a wire through a capillary tip and attaching a first end of
the wire to a first location, thereby forming a ball bond. The method further includes
moving the capillary tip towards a second location while the wire feeds out of the
capillary tip. The method further includes attaching a second end of the wire to the
second location while preventing contact between the capillary tip and the second
location, thereby forming a stitch bond without a tool mark at the second location, AND
contacting the second end of the wire with the capillary tip after forming the stitch,
wherein the first location is a bond pad on a semiconductor die, and the second location
is a thin-plated lead finger on a printed circuit board, the thin-plated lead finger is formed

of nickel, gold, and palladium.



[0005] In some examples, the method can further include, after forming the
stitch bond, contacting the second end of the wire with the capillary tip.
[0006] In some examples, the method can further include, before forming the

stitch bond, determining effective bonding parameters, with the bonding parameters
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including one or more of: impact force, bonding force, ultrasonic energy levels,
pressure, and temperature.

[0007]

[0008] In accordance with another aspect, the present disclosure relates to a
wire bonding system that includes a handling apparatus configured to position a
semiconductor die on a circuit board. The wire bonding system further includes a wire
bonding apparatus configured to feed a wire through a capillary tip and attach a first end
of the wire to a first location thereby forming a ball bond. The wire bonding apparatus is
further configured to move the capillary tip towards a second location while the wire
feeds out of the capillary tip. The wire bonding apparatus is further configured to attach
a second end of the wire to the second location while preventing contact between the
capillary tip and the second location, thereby forming a stitch bond without a tool mark
at the second location. The wire bonding apparatus is further configured to contact the
second end of the wire with the capillary tip after forming the stitch bond, wherein the
first location is a bond pad on a semiconductor die, and the second location is a thin-
plated lead finger on a printed circuit board, the thin-plated lead finger is formed of
nickel, gold, and palladium.

[0009] In some examples, the wire bonding apparatus can be further configured
to contact the second end of the wire with the capillary tip after forming the stitch bond.

[0010] In some examples, the wire bonding apparatus can be further configured
to determine effective bonding parameters, with the bonding parameters including one
or more of: impact force, bonding force, ultrasonic energy levels, pressure, and
temperature, before forming the stitch bond.

[0011]

[0012] In another aspect, the present disclosure relates to a method for wire
bonding. The method includes using a capillary tool to form a ball bond on a surface of
a first location and a stitch bond on a surface of a second location by feeding a wire out
of a distal end of the capillary tool, wherein using the capillary tool to form the stitch
bond includes moving the distal end of the capillary tool towards the second location
while the wire feeds out of the distal end of the capillary tool, and attaching a second
end of the wire to the second location while preventing a tool mark at the second
location by preventing contact between the distal end of the capillary tool and the
second location, the second location is a thin-plated lead finger of a printed circuit
board, the thin-plated lead finger is formed of nickel, gold, and palladium. The method

further includes preventing contact between the distal end of the capillary tool and the
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surface of the second location during formation of the stitch bond. The method further
includes strengthening the stitch bond by contacting the stitch bond with the distal end
of the capillary tool.

[0013] In some examples, the method can further include strengthening the
stitch bond by contacting the stitch bond with the distal end of the capillary tool.
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[0014] In some examples, using the capillary tool to form the ball bond can
include exposing a first end of the wire out of the distal end of the capillary tool, and
attaching the first end of the wire to the surface of the first location. The first location
can be a bond pad on a semiconductor die.

[0015]

[0016] In another aspect, the present disclosure relates to a wire bonding
system that includes a handling apparatus configured to position a semiconductor die
on a circuit board. The wire bonding system further includes a wire bonding apparatus
that includes a capillary tool configured to form a ball bond on a surface of a first
location and a stitch bond on a surface of a second location by feeding a wire out of a
distal end of the capillary tool. The wire bonding apparatus is configured prevent
contact between the distal end of the capillary tool and the surface of the second
location during formation of the stitch bond, wherein the wire bonding apparatus is
configured to form the stitch bond by moving the distal end of the capillary tool towards
the second location while the wire feeds out of the distal end of the capillary tool, to
strengthen the stitch bond by contacting the stitch bond with the distal end of the
capillary tool, and to attach a second end of the wire to the second location while
preventing a tool mark at the second location by preventing contact between the distal
end of the capillary tool and the second location, the second location is a thin-plated
lead finger of the printed circuit board, the thin-plated lead finger is formed of nickel,
gold, and palladium.

[0017] In some examples, the wire bonding apparatus can be further configured
to strengthen the stitch bond by contacting the stitch bond with the distal end of the
capillary tool.

[0018] In some examples, the wire bonding apparatus can be configured to form
the ball bond by exposing a first end of the wire out of the distal end of the capillary tool,
and to attach the first end of the wire to the surface of the first location. The first
location can be a bond pad on the semiconductor die.

[0019]

[0020] For purposes of summarizing the disclosure, certain examples,
advantages and novel features of the inventions have been described herein. Itis to be
understood that not necessarily all such advantages may be achieved in accordance
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particular embodiment of the invention. Thus, the invention may be embodied or carried
out in a manner that achieves or optimizes one advantage or group of advantages as
taught herein without necessarily achieving other advantages as may be taught or

suggested herein.

BRIEF DESCRIPTION OF THE DRAWINGS
[0021] Figures 1, 2, 3 and 4 show steps in a wire bonding procedure.

[0022] Figure 5 shows a stitch bond and a tool mark on a lead finger.

[0023] Figure 6 shows the stitch bond of Figure 5 after a wire pull test is
performed.

[0024] Figure 7 shows another example of a stich bond on a lead finger.

[0025] Figure 8 shows the stitch bond of Figure 7 after a wire pull test is
performed.

[0026] Figure 9A shows a stitch bond.

[0027] Figure 9B shows the stitch bond of Figure 9A after the stitch bond is
impacted with a capillary tip.

[0028] Figure 10 shows an example of a timing chart of bonding parameters
during a stitch bond procedure.

[0029] Figure 11 shows an example of a flow chart of a method for attaching a

wire in a semiconductor device.

DETAILED DESCRIPTION OF SOME EMBODIMENTS
[0030] The headings provided herein, if any, are for convenience only and do

not necessarily affect the scope or meaning of the claimed invention.

[0031] Described herein are various examples of systems, apparatus, devices,
structures, materials and/or methods related to wire bonding associated with a
semiconductor device. Wire bonding is an electrical interconnection technique that
uses thin wire and a combination of heat, pressure and/or ultrasonic energy. Wire
bonding is a solid phase welding process, where two metallic materials (e.g., wire and
pad surface, or wire and PCB lead surface) are brought into intimate contact. Once the
materials are in intimate contact, electron sharing or inter diffusion of atoms takes place,
resulting in the formation of a wire bond.

[0032] A typical wire bonding operation is shown in Figures 1, 2, 3 and 4. As

shown in Figure 1, a wire 40, typically of gold or copper, is threaded through a hole 20
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in a capillary tip 22. The end of the wire 40 is heated to form a ball 42 of molten metal
on the end of wire 40.

[0033] As shown in Figure 2, capillary tip 22 is lowered toward a bond pad 44 on
an active surface of a semiconductor device 46. Molten metal ball 42 is pressed by the
capillary tip 22 against the bond pad 44 to alloy the metallic elements of the wire 40 and
bond pad 44, thereby bonding the wire 40 to the bond pad 44 and forming a ball bond.
In some instances, ultrasonic vibrations are applied to the capillary tip 22 as the molten
metal ball 42 on the end of wire 40 is pressed against the bond pad 44.

[0034] Referring to Figure 3, capillary tip 22 is then raised, causing the wire 40
to feed through the aperture in the capillary tip 22 and move to a bonding site on a lead
finger 50 of a lead frame implemented on a substrate layer 48. The wire 40 is pressed
against the lead finger 50 to alloy the metallic elements of the wire 40 and the lead
finger 50, thereby bonding the wire 40 to the lead finger 50 and forming a stitch bond. If
desired, ultrasonic vibrations may be applied to the capillary tip 22 as the wire 40 is
pressed against the lead finger 50.

[0035] Referring to Figure 4, capillary tip 22 is raised from the bonding site on
the lead finger 50, thereby resulting in a wire bond connection between the bond pad 44
of the semiconductor device 46 and the lead finger 50 on the substrate layer 48.

[0036] As shown in Figure 5, contact between the capillary tip 22 and the lead
finger 50, as described above in reference to Figure 3, creates a tool mark 60. The tool
mark 60 is an imprint of the outer geometry of the capillary tip 22.

[0037] It is noted that the lead finger 50 may be a thin-plated lead finger made of
very thin layers of metal (e.g., nickel, gold, and palladium) that are easily damaged.
Thus, contact between the capillary tip 22 and the lead finger 50 may result in oxidation
or contamination.

[0038] As shown in Figure 6, a wire pull test on the stitch bond results in a small
amount of wire material remaining on the lead finger 50.

[0039] Figure 7 shows an example of a stitch bond formed for a wire 40 on a
lead finger 50, where the stitch bond is formed without creating a tool mark. In some
embodiments, such a tool mark-free stitch bond is created using a procedure
(discussed in further detail below) that avoids contact between the capillary tip 22 and
the lead finger 50.

[0040] A wire pull test of the tool mark-free stitch bond of Figure 7 shows that
the tool mark-free stitch bond is much stronger (e.g., requires a pull force of about 8

grams force) than a typical stitch bond (which, e.g., requires a pull force of about 6-7
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grams force). The increased strength of the tool mark-free stitch bond can be seen in
Figure 8, which shows a greater amount of wire material remaining on the lead after a
pull test.

[0041] A comparison between Figure 8 and Figure 6 shows that the tool mark-
free stitch bond has increased strength and reliability compared to the typical stitch
bond formed by contacting the lead finger 50 with the capillary tip 22. For example, in
Figure 6, a portion of the stitch bond itself fails during the pull test, whereas in Figure 6,
a portion of the wire 40 itself fails during the pull test while the tool mark-free stitch bond
remains intact with respect to the lead finger 50.

[0042] In some embodiments, the strength of a tool mark-free stitch bond as
described herein may be increased by contacting the stitch bond with the capillary tip 22
after the stitch bond has been formed. For example, Figure 9A depicts the tool mark-
fee stitch bond, and Figure 9B depicts the tool mark-free stitch bond after it has been
impacted with the capillary tip. As shown in Figure 9B, this double impact creates a cup
or dimple 70 on the stitch bond, thereby forming a more secure stitch bond.

[0043] In some embodiments, a stitch bond may be formed without creating a
tool mark by optimizing or selecting one or more bonding parameters in order to
minimize or reduce contact between the capillary tip 22 and the lead finger 50. Such
bonding parameters may include impact force, bonding force, ultrasonic energy levels,
pressure, and temperature.

[0044] For example, Figure 10 depicts a timing graph 100 of a method used for
creating a tool mark-free stitch bond. During time period t1, a tool mark-free stitch bond
is formed. During time period t2, an optional security stitch bond can be formed.

[0045] In the example of Figure 10, the first line 110 depicts the movement of
the capillary tip with respect to the semiconductor device. During the bond time period
t1, the position of the capillary tip is closest to the lead finger without making contact.
During the security bond time period t2, the position of the capillary tip is again closest
to the lead finger.

[0046] The second line 120 represents the bond force between the capillary tip
and the lead finger. The bond force is highest during the bond time period t1.

[0047] The third line 130 represents the ultrasonic energy level. The ultrasonic
energy level is highest during some or all of the bond time period t1 and some or all of
the security stitch bond time period 2.

[0048] Figure 11 depicts steps in a process 200 that can be implemented to

achieve wire bonds having one or more features as described herein. As described
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herein, the process 200 can provide bonding of a wire to a semiconductor device
without creating a tool mark.

[0049] In some embodiments, the process 200 can include or be provided with a
wire being fed through a capillary tip, such as the example shown in Figure 1. In step
210, a ball bond is created by attaching a first end of the wire to a first location on a
substrate. The substrate may be a packaging substrate, a semiconductor substrate
(such as a bond pad 44 on a semiconductor die 46, as shown in Figures 1 and 2), or the
like.

[0050] In step 220, the capillary tip is moved towards a second location while
the wire feeds out of the capillary tip. The second location may be a packaging
substrate (such as a PCB lead finger 50, as shown in Figures 3 and 4), a semiconductor
substrate, or the like.

[0051] In step 230, the second end of the wire is bonded to the second location
while preventing contact between the capillary tip and the second location. In this
manner, a stitch bond is created and a tool mark is prevented at the stitch bond
location.

[0052] In an optional step 240, the capillary tip contacts the second end of the
wire after the stitch bond is formed in order to increase the strength of the stitch bond.

[0053] In some embodiments, effective bonding parameters can be determined
in order to form a stitch bond as described herein while preventing a tool mark at the
stitch bond site. In some embodiments, such bonding parameters can be determined
prior to step 210.

[0054] In some embodiments, some or all of the wire bonding operations as
described herein can be controlled by one or more computers. Such computers can
obtain the foregoing bonding parameters, and apply such parameters during control of

the wire boding operations.

[0055] The present disclosure describes various features, no single one of
which is solely responsible for the benefits described herein. It will be understood that
various features described herein may be combined, modified, or omitted, as would be
apparent to one of ordinary skill. Other combinations and sub-combinations than those
specifically described herein will be apparent to one of ordinary skill, and are intended to
form a part of this disclosure. Various methods are described herein in connection with
various flowchart steps and/or phases. It will be understood that in many cases, certain

steps and/or phases may be combined together such that multiple steps and/or phases
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shown in the flowcharts can be performed as a single step and/or phase. Also, certain
steps and/or phases can be broken into additional sub-components to be performed
separately. In some instances, the order of the steps and/or phases can be rearranged
and certain steps and/or phases may be omitted entirely. Also, the methods described
herein are to be understood to be open-ended, such that additional steps and/or phases
to those shown and described herein can also be performed.

[0056] Some aspects of the systems and methods described herein can
advantageously be implemented using, for example, computer software, hardware,
firmware, or any combination of computer software, hardware, and firmware. Computer
software can comprise computer executable code stored in a computer readable
medium (e.g., non-transitory computer readable medium) that, when executed,
performs the functions described herein. In some embodiments, computer-executable
code is executed by one or more general purpose computer processors. A skilled
artisan will appreciate, in light of this disclosure, that any feature or function that can be
implemented using software to be executed on a general purpose computer can also be
implemented using a different combination of hardware, software, or firmware. For
example, such a module can be implemented completely in hardware using a
combination of integrated circuits. Alternatively or additionally, such a feature or
function can be implemented completely or partially using specialized computers
designed to perform the particular functions described herein rather than by general
purpose computers.

[0057] Multiple distributed computing devices can be substituted for any one
computing device described herein. In such distributed embodiments, the functions of
the one computing device are distributed (e.g., over a network) such that some
functions are performed on each of the distributed computing devices.

[0058] Some embodiments may be described with reference to equations,
algorithms, and/or flowchart illustrations. These methods may be implemented using
computer program instructions executable on one or more computers. These methods
may also be implemented as computer program products either separately, or as a
component of an apparatus or system. In this regard, each equation, algorithm, block,
or step of a flowchart, and combinations thereof, may be implemented by hardware,
firmware, and/or software including one or more computer program instructions
embodied in computer-readable program code logic. As will be appreciated, any such
computer program instructions may be loaded onto one or more computers, including

without limitation a general purpose computer or special purpose computer, or other
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programmable processing apparatus to produce a machine, such that the computer
program instructions which execute on the computer(s) or other programmable
processing device(s) implement the functions specified in the equations, algorithms,
and/or flowcharts. It will also be understood that each equation, algorithm, and/or block
in flowchart illustrations, and combinations thereof, may be implemented by special
purpose hardware-based computer systems which perform the specified functions or
steps, or combinations of special purpose hardware and computer-readable program
code logic means.

[0059] Furthermore, computer program instructions, such as embodied in
computer-readable program code logic, may also be stored in a computer readable
memory (e.g., a non-transitory computer readable medium) that can direct one or more
computers or other programmable processing devices to function in a particular
manner, such that the instructions stored in the computer-readable memory implement
the function(s) specified in the block(s) of the flowchart(s). The computer program
instructions may also be loaded onto one or more computers or other programmable
computing devices to cause a series of operational steps to be performed on the one or
more computers or other programmable computing devices to produce a computer-
implemented process such that the instructions which execute on the computer or other
programmable processing apparatus provide steps for implementing the functions
specified in the equation(s), algorithm(s), and/or block(s) of the flowchart(s).

[0060] Some or all of the methods and tasks described herein may be
performed and fully automated by a computer system. The computer system may, in
some cases, include multiple distinct computers or computing devices (e.g., physical
servers, workstations, storage arrays, etc.) that communicate and interoperate over a
network to perform the described functions. Each such computing device typically
includes a processor (or multiple processors) that executes program instructions or
modules stored in a memory or other non-transitory computer-readable storage medium
or device. The various functions disclosed herein may be embodied in such program
instructions, although some or all of the disclosed functions may alternatively be
implemented in application-specific circuitry (e.g., ASICs or FPGAs) of the computer
system. Where the computer system includes multiple computing devices, these
devices may, but need not, be co-located. The results of the disclosed methods and
tasks may be persistently stored by transforming physical storage devices, such as solid
state memory chips and/or magnetic disks, into a different state.
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[0061] Unless the context clearly requires otherwise, throughout the description

LT3

and the claims, the words “comprise,” “comprising,” and the like are to be construed in
an inclusive sense, as opposed to an exclusive or exhaustive sense; that is to say, in
the sense of “including, but not limited to.” The word “coupled”, as generally used
herein, refers to two or more elements that may be either directly connected, or
connected by way of one or more intermediate elements. Additionally, the words

L]

“herein,” “above,” “below,” and words of similar import, when used in this application,
shall refer to this application as a whole and not to any particular portions of this
application. Where the context permits, words in the above Detailed Description using
the singular or plural number may also include the plural or singular number
respectively. The word “or” in reference to a list of two or more items, that word covers
all of the following interpretations of the word: any of the items in the list, all of the items
in the list, and any combination of the items in the list. The word “exemplary” is used
exclusively herein to mean “serving as an example, instance, or illustration.” Any
implementation described herein as “exemplary” is not necessarily to be construed as
preferred or advantageous over other implementations.

[0062] The disclosure is not intended to be limited to the implementations shown
herein. Various modifications to the implementations described in this disclosure may
be readily apparent to those skilled in the art, and the generic principles defined herein
may be applied to other implementations without departing from the spirit or scope of
this disclosure. The teachings of the invention provided herein can be applied to other
methods and systems, and are not limited to the methods and systems described
above, and elements and acts of the various embodiments described above can be
combined to provide further embodiments. Accordingly, the novel methods and systems
described herein may be embodied in a variety of other forms; furthermore, various
omissions, substitutions and changes in the form of the methods and systems described
herein may be made without departing from the spirit of the disclosure. The
accompanying claims and their equivalents are intended to cover such forms or
modifications as would fall within the scope and spirit of the disclosure.
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WHAT IS CLAIMED IS:

1. A method for wire bonding, the method comprising:

feeding a wire through a capillary tip;

attaching a first end of the wire to a first location, thereby forming a ball bond;

moving the capillary tip towards a second location while the wire feeds out of
the capillary tip;

attaching a second end of the wire to the second location while preventing
contact between the capillary tip and the second location, thereby forming a stitch
bond without a tool mark at the second location; and

contacting the second end of the wire with the capillary tip after forming the
stitch bond,

wherein the first location is a bond pad on a semiconductor die, and the
second location is a thin-plated lead finger on a printed circuit board, the thin-

plated lead finger is formed of nickel, gold, and palladium.

2. The method of claim 1 further comprising, before forming the stitch bond,
determining effective bonding parameters, the bonding parameters including one or
more of: impact force, bonding force, ultrasonic energy levels, pressure, and

temperature.

3. A wire bonding system comprising:

a handling apparatus configured to position a semiconductor die on a circuit
board; and

a wire bonding apparatus configured to feed a wire through a capillary tip and
attach a first end of the wire to a first location thereby forming a ball bond, the wire
bonding apparatus further configured to move the capillary tip towards a second
location while the wire feeds out of the capillary tip, the wire bonding apparatus
further configured to attach a second end of the wire to the second location while
preventing contact between the capillary tip and the second location, thereby

forming a stitch bond without a tool mark at the second location, the wire bonding
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apparatus further configured to contact the second end of the wire with the
capillary tip after forming the stitch bond,

wherein the first location is a bond pad on a semiconductor die, and the
second location is a thin-plated lead finger on a printed circuit board, the thin-
plated lead finger is formed of nickel, gold, and palladium.

4. The system of claim 3 wherein the wire bonding apparatus is further
configured to determine effective bonding parameters, the bonding parameters
including one or more of. impact force, bonding force, ultrasonic energy levels,

pressure, and temperature, before forming the stitch bond.

5. A method for wire bonding, the method comprising:

using a capillary tool to form a ball bond on a surface of a first location and a
stitch bond on a surface of a second location by feeding a wire out of a distal end
of the capillary tool,

wherein using the capillary tool to form the stitch bond includes moving the
distal end of the capillary tool towards the second location while the wire feeds out
of the distal end of the capillary tool, and attaching a second end of the wire to the
second location while preventing a tool mark at the second location by preventing
contact between the distal end of the capillary tool and the second location, the
second location is a thin-plated lead finger of a printed circuit board, the thin-plated
lead finger is formed of nickel, gold, and palladium;

preventing contact between the distal end of the capillary tool and the surface
of the second location during formation of the stitch bond; and

strengthening the stitch bond by contacting the stitch bond with the distal end

of the capillary tool.

6. The method of claim 5 wherein using the capillary tool to form the ball bond
includes exposing a first end of the wire out of the distal end of the capillary tool, and

attaching the first end of the wire to the surface of the first location.

7. The method of claim 6 wherein the first location is a bond pad on a

semiconductor die.
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8. A wire bonding system comprising:

a handling apparatus configured to position a semiconductor die on a circuit
board; and

a wire bonding apparatus including a capillary tool configured to form a ball
bond on a surface of a first location and a stitch bond on a surface of a second
location by feeding a wire out of a distal end of the capillary tool, the wire bonding
apparatus configured prevent contact between the distal end of the capillary tool
and the surface of the second location during formation of the stitch bond;

wherein the wire bonding apparatus is configured to form the stitch bond by
moving the distal end of the capillary tool towards the second location while the
wire feeds out of the distal end of the capillary tool, to strengthen the stitch bond
by contacting the stitch bond with the distal end of the capillary tool, and to attach
a second end of the wire to the second location while preventing a tool mark at the
second location by preventing contact between the distal end of the capillary tool
and the second location, the second location is a thin-plated lead finger of the
printed circuit board, the thin-plated lead finger is formed of nickel, gold, and

palladium.

9. The system of claim 8 wherein the wire bonding apparatus is configured to
form the ball bond by exposing a first end of the wire out of the distal end of the capillary

tool, and to attach the first end of the wire to the surface of the first location.

10. The system of claim 9 wherein the first location is a bond pad on the

semiconductor die.
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