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ENCAPSULATING A BONDED WIRE WITH
LOW PROFILE ENCAPSULATION

BACKGROUND

[0001] Wire bonding involves forming a bond at either end
of a wire, often with one end attached to a substrate and
another end attached to a circuit board. The bonds may be
wedge bonds where the wire is bonded directly to the circuit
board or substrate using force and/or ultrasonic energy, Ball
bonding, an alternative to wedge bonding, involves forming
an electrically conductive ball and electrically joining the ball
to both the wire’s end and to the substrate or circuit board.
After the electrical connections are made, the wire and its
connections are encapsulated with ceramic, plastic, or epoxy
to prevent physical damage or corrosion.

BRIEF DESCRIPTION OF THE DRAWINGS

[0002] The accompanying drawings illustrate various
examples of the principles described herein and are a part of
the specification. The illustrated examples are merely
examples and do not limit the scope of the claims.

[0003] FIG. 1 is a diagram of an example of an apparatus
with low profile encapsulation covering a bonded wire
according to the principles described herein.

[0004] FIG. 2 is a diagram of an example of stages of
manufacturing an apparatus with low profile encapsulation
according to the principles described herein.

[0005] FIG. 3 is a diagram of an example of an apparatus
with low profile encapsulation covering a bonded wire
according to the principles described herein.

[0006] FIG. 4 is a diagram of an example of a method for
encapsulating a bonded wire with low profile encapsulation
according to the principles described herein.

DETAILED DESCRIPTION

[0007] Thermal inkjet printers utilize bonded wires
between the die that contains the inkjet nozzles and a printed
circuit board. The die sizes of many versions of thermal inkjet
products are large enough so that the encapsulation beads are
easily placed far away from the first nozzle to avoid any
significant interaction with serving the print head. However,
to make products with tighter space, a film encapsulation
process has been used that dispenses adhesive encapsulation
in such a manner that reduces the encapsulation height. While
the such a film encapsulation process does reduce the overall
encapsulation height, the process is complex, sensitive to the
adhesive patterns, prone to peeling during print head servic-
ing, and tends to harbor trapped air under the encapsulation
film.

[0008] The principles described herein include an appara-
tus that allows the encapsulation to be closer to the nozzles of
a print head without the drawbacks that come with the film
encapsulation procedures described above, Such an apparatus
can include a bonded wire connected to a die on a first end of
the wire and to a circuit component on a second end of the
wire. An encapsulation material is disposed over the bonded
wire where the encapsulation has a truncated shape. When the
encapsulation material is initially deposited, the encapsula-
tion material takes a shape that is determined by the encap-
sulation material’s surface tension as well as other inherent
characteristics. To deposit a sufficient amount of encapsula-
tion material at the encapsulation’s base in such a manner, the
overall height of the encapsulation material will be high
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enough to interfere with servicing the print heads. For
example, when wiping the surface of the print heads, ink and
debris can get caught on the encapsulation material. Keeping
the encapsulation material’s height low often avoids the
above mentioned issues. To keep the overall height of the
encapsulation material low, such as under a hundred microns
in height, the shape formed by the encapsulation material’s
surface tension is truncated. Such truncating can occur by
compressing the encapsulation material with a stamp, grind-
ing away a top portion of the encapsulation material, allowing
a portion of the encapsulation material to wick under a guide
spaced at a predetermined gap away from the surface being
encapsulated, other procedures, or combinations thereof.
[0009] In the following description, for purposes of expla-
nation, numerous specific details are set forth in order to
provide a thorough understanding of the present systems and
methods. It will be apparent, however, to one skilled in the art
that the present apparatus, systems, and methods may be
practiced without these specific details. Reference in the
specification to “an example” or similar language means that
a particular feature, structure, or characteristic described is
included in at least that one example, but not necessarily in
other examples.

[0010] FIG. 1 is a diagram of an example of an apparatus
(100) with low profile encapsulation (102) covering a bonded
wire (104) according to the principles described herein. In
this example, a compound (106) supports a die (108) that has
ink fluid paths (110) formed therein. The die (108) is covered
with a polymer layer (112). The bonded wire (104) is bonded
to the die (108) at a first end (114) and to a printed circuit
board (116) at a second end (118). The encapsulation (102)
covers the bonded wire (104).

[0011] The compound (106) may be made of any appropri-
ate type of material. In some examples, the compound (106)
is an epoxy molded compound. The compound (106) may be
selected for characteristics that are suitable for supporting the
die (108) as well as the inkjet applications.

[0012] The die (108) may be a block of semiconductor
material. In some examples, a functional circuit is fabricated
on the die (108). Often, integrated circuits are produced in
large batches on a single wafer of electronic-grade silicon or
other semiconductor material through lithography processes,
such as photolithography. The wafer may be cut into multiple
pieces, each containing one copy of the circuit, Each of these
pieces may be referred to as a die. In the example of FIG. 1,
the die (108) also includes openings for inkjet nozzles. In
some examples, the openings are shaped to form the nozzles.
In other examples, the openings are shaped to receive nozzles.
[0013] Any appropriate type of semiconductor material
may be used to construct the die (108). For example, silicon
may be used as the die material. However, in other examples,
metals like silver can also be incorporated into the die (108),
[0014] The printed circuit board (116) may include circuit
components that communicate with the portions of the inte-
grated circuit in the die (108). Such circuit components and
communications may instruct the inkjet print heads when to
fire. The bonded wire (104) bridges the circuit components
over the electrically insulating compound (106) thereby
allowing firing signals to be communicated to the print heads
from an off-site location.

[0015] The bonded wire (104) may be bonded to the die
(108) or to the printed circuit board (116) with any appropri-
ate type of bonding technique. For example, the bonds may be
formed with wedge bonds, ball bonds, other types of bonds,
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or combinations thereof. The wire (104) may also include any
appropriate type of shape, length, or geometry. For examples,
the wire (104) may have a diameter of fifteen microns to
hundreds of microns.

[0016] Further, the wire (104) may be made with any appro-
priate type of material. For example, the wire (104) may be
made of gold, aluminum, copper, nickel, silver, other types of
materials, or combinations thereof. Further, the wire (104)
may be a single material or multiple materials, such as wires
with at least one coating of a different type of material.
[0017] Copper may be used for fine wire ball bonding in
sizes up to seventy five micrometers. Copper wire has the
ability of being used at smaller diameters while providing a
similar performance as gold without the high material cost.
Copper wire up to two hundred fifty micrometers can be
successfully wedge bonded with the proper set up parameters.
Large diameter copper wire can replace aluminum wire
where high current carrying capacities are used or where there
are issues with complex geometry. Annealing and process
tasks used by manufacturers enhance the ability to use large
diameter copper wire to wedge bond to silicon without dam-
aging the die.

[0018] Gold doped with controlled amounts of beryllium
and/or other elements can be used for ball bonding. This
process brings together the two materials that are to be
bonded using heat, pressure, and ultrasonic energy. Junction
size, bond strength, and conductivity parameters often deter-
mine the most suitable wire size for a specific gold wire
bonding application.

[0019] Any appropriate type of encapsulation (102) may be
used in accordance with the principles described herein. For
example, the encapsulation (102) may be made of a ceramic,
plastic, epoxy, thermoset polymer, silicone, polyurethane,
another type of material, or combinations thereof. The encap-
sulation (102) can be used to prevent physical damage, cor-
rosion, moisture contamination, or other undesirable condi-
tions from reaching the bonded wire, the printed circuit board
(116), portions of the die (108), other electronic components,
or combinations thereof.

[0020] The encapsulation material may be applied to the
desired areas of the printer by pouring a liquid resin over the
desired area until the area is covered with the liquid resin such
as with a needle dispense mechanism, a jet dispense mecha-
nism, a spray coating mechanism, an adhesive stamping
mechanism, another type of mechanism, or combinations
thereof. In the absence of active shaping mechanisms, the
encapsulation material will form a shape that is determined
by the encapsulation material’s surface tension, rheology,
viscosity, and other characteristics.

[0021] In some examples, the encapsulation material is
actively shaped while the liquid resin is applied to the desired
area. For example, a guide may be spaced above a portion of
the desired area at a predetermined gap while the liquid resin
is applied. The guide may have a characteristic that causes the
liquid resin to be drawn under an underside of the guide
through a wicking action. As a result, the guide directs the
liquid resin over the area to be encapsulated. The predeter-
mined gap limits the height of the encapsulation’s profile. In
some examples, the height of the encapsulation is less than a
hundred microns. In such an example, the predetermined gap
is also less than a hundred microns, The underside of the
guide can force the encapsulation material to have a top-hat
profile. In such an example, the geometry of the underside of
the guide creates the geometry of the top of the encapsulation
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material’s shape. Thus, if the underside of the guide has a flat
shape, the top surface of the encapsulation will also be flat.
[0022] Inotherexamples, theliquid resinis allowedto form
its shape based on the liquid resin’s surface tension and other
inherent characteristics. In such an example, the liquid resin
can be compressed with a stamp or another device. As a result,
the encapsulation will form a profile that reflects the geom-
etry of the underside of the stamp. In such examples, the
encapsulation will result in a truncated shape,

[0023] The guide and/or the stamp may be heated to lower
the encapsulation’s viscosity, allow the encapsulation to flow
more freely, and speed up the curing of the encapsulation
material. When the guide or the stamp is removed, the encap-
sulation material is allowed to cool and its viscosity increases
thereby forming a solidified shape. In some examples where
a stamp is used, the encapsulation may have solidified before
the stamp is applied. In such examples, a heated stamp may
provide enough energy to soften the encapsulation material
enough to flow and/or compress under the pressure exerted
with the stamp while the stamp is in contact with the encap-
sulation. Upon the stamp’s removal, the encapsulation mate-
rial cools and accordingly re-solidifies.

[0024] Inother examples, the truncated shape of the encap-
sulation may be formed through an appropriate mechanism.
For example, the truncated shape may be formed by removing
a top portion of the encapsulation. Such a portion may be
removed by grinding, slicing, cracking, or otherwise degrad-
ing the top portion for removal.

[0025] Any appropriate type of truncated shape may be
used in accordance with the principles described herein.
While the examples above specifically referto a flat surface of
the encapsulation material, the truncated shape may also
include features resulting from the mechanism that forms the
truncated shape. For example, the truncated shape may
include a flat surface that is slopped towards the die (108). As
a result, wipers, tools, hands of individuals servicing the die
(108), and so forth can access the die (108) without interfer-
ence from the height of the encapsulation on the encapsula-
tion’s die-side. In such an example, the printed circuit board-
side of the encapsulation may be higher than the die-side as a
result. Such an example still allows access to the die (108), but
provides more encapsulation over the printed circuit board
(116) which may benefit from additional encapsulation.
[0026] FIG. 2 is a diagram of an example of stages of
manufacturing an apparatus with low profile encapsulation
according to the principles described herein. In this example,
a first stage (200) of manufacturing involves forming gaps
(202) in the polymer covering (204) that covers the die (206).
Such gaps (202) are formed over the locations on the die (206)
where electrical contact with the die (206) and the bonded
wire (208) are desired. During this stage, the location on the
printed circuit board (210) is also prepared to receive its end
of the bonded wire (208).

[0027] During a second stage (212), the wire (208) is
bonded to the die (206) and the printed circuit board (210).
Any appropriate type of bond may be used to electrically
connect the die (206) and the printed circuit board (210) to the
wire (208). For example, the bond may be a wedge bond, a
ball bond, another type of bond, or combinations thereof. The
bond between the bonded wire (208) and the die (206) is made
in the gap (202) formed in the polymer covering (204).
[0028] In athird stage (214), a liquid resin (216) is applied
over the bonded wire (208). As the liquid resin (216) cures,
the liquid resin (216) forms a solidified shape (218) as encap-
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sulation (220). The soiidified shape (218) is formed based on
the liquid resin’s surface tension, temperature, rheology char-
acteristics, viscosity, other inherent characteristics, and com-
binations thereof. To provide enough encapsulation (220)
along a length (222) of the bonded wire (208), the height
(224) of the encapsulation’s solidified shape (218) is high
enough that the encapsulation (220) may interfere with ser-
vicing the print heads. For example, the height (224) of the
encapsulation (220) may interfere with wiping actions or
allowing tools to access the die (206).

[0029] In a fourth stage (225), the truncated shape (226) of
the encapsulation is formed. In this example, a stamp (228) is
pressed over the solidified shape (218) to form the truncated
shape (226). The stamp (228) may include a coating (230) that
prevents the encapsulation (220) from bonding with the
stamp (228). The coating (230) may be any appropriate type
of coating. For example, the coating may be a plastic, a
polyethylene terephthalate, polytetrafluoroethylene, another
type of material, or combinations thereof.

[0030] Further, the stamp (228) may be heated to lower the
encapsulation’s viscosity while the stamp is (228) compress-
ing the encapsulation (220). As a result, the encapsulation
(220) will have a truncated shape (226).

[0031] The truncated shape (226) may have a portion that
retains the solidified shape (218) and a truncated portion
(232). In the example of FIG. 2, the solidified shape (218) is
retained proximate the base (234) of the encapsulation (220)
and the truncated portion (232) is the portion that is flat. In this
example, the truncated shape (226) has a top-hat profile.
While this example has been described with specific refer-
ence to a flat surface, in other examples, the truncated shape
has a slopped, slanted, curved, or other type of surface that
allows access to the die (206).

[0032] Insome examples, the truncated height (235) of the
encapsulation (220) from its base, such as where the encap-
sulation (220) contacts the compound (236), to the truncated
portion (232) is less than a hundred microns. In some
examples, the truncated height is between twenty five
microns and a hundred microns. In such an example, the
stamp (228) is brought within the appropriate distance from
the compound (236). The stamp (228) may be brought to the
truncated height (235) instantaneously or the stamp (228)
may be brought to the truncated height (235) over a predeter-
mined period of time to allow the heat from the stamp (228) to
transfer to the encapsulation (220) or allow the encapsulation
(220) to flow with an increasing amount of pressure exerted
from the stamp (228).

[0033] FIG. 3 is a diagram of an example of an apparatus
(300) with low profile encapsulation (302) covering a bonded
wire (304) according to the principles described herein. In
this example, the liquid resin (306) is applied from an appli-
cator (308) to the area where encapsulation (302) is desired. A
guide (310) is positioned adjacent the region where the liquid
resin (306) is applied. The guide (310) is close enough to the
applied liquid resin (306) that the liquid resin (306) is
attracted to the underside (312) of the guide (310) and is
wicked along a length of the underside (312).

[0034] Any appropriate type of applicator (308) may be
used in accordance with the principles described herein. For
example, the applicator (308) may be a needle appiicator, a
dropping applicator, a jetting applicator, a spray applicator,
another type of applicator, or combinations thereof.

[0035] The guide (310) is positioned to form a gap (314)
between the apparatus (300) and the underside (312) of the
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guide (310) that is equal to the desired truncated height for the
encapsulation’s shape. Due to the wicking characteristics of
the guide (310) and the liquid resin (306), the liquid resin
(306) is drawn into and fills the gap (314).

[0036] The gap (314) may be formed in any appropriate
manner in accordance with the principles described herein.
For example, a spacer may be incorporated into the underside
(312) of the guide (310) to ensure that the gap (314) is correct.
Such a spacer may include a mechanism for causing the liquid
resin (306) to pass around the spacer as the liquid resin (306)
is applied to the desired area. In other examples, a computer
implemented mechanism may use distance sensors to deter-
mine the distance between the underside (312) of the guide
(310) and the top surface of the apparatus (300). Such a
distance sensor may use the travel of sound, the travel of
optical waves, a mechanical probe, another mechanism, or
combinations thereof. In some exampies, the distance sensors
are incorporated directly into the guide (310) or the stamp
(228. F1G. 2).

[0037] The guide (310) can be stationary or can be moved
along the length of the bonded wire (304) along with the
applicator (308) as the liquid resin fills the space underneath
the guide (310). As a result, the gap (314) is progressively
moved along the bonded wire’s length and additional liquid
resin (306) fills the new space. As a result, the liquid resin
solidifies along the length of the bonded wire (304). The
resulting shape is truncated as the guide (310) causes the
shape to have a flat top that would not have otherwise formed
without the active interaction with the guide (310). The guide
(310), like the stamp (228, FIG. 2), may have a coating (316)
to prevent the liquid resin (306) form attaching to the guide
(310).

[0038] The liquid resin (306) may cure in place while the
guide (310) is still forming the gap (314). In some examples,
the liquid resin (306) is partially cured before the guide (310)
is removed. The curing process may occur as the liquid resin
(306) is allowed to air cool. In other examples, the curing
process is accelerated by actively cooling the liquid resin
(306) into encapsulation by actively cooling the liquid resin
(306).

[0039] In some examples, the encapsulation is cured in
place with exposure to certain ultraviolet wavelengths. Such
wavelengths of light may be guided to the encapsulation
through the guide (310), the stamp (228, FIG. 2), another type
of tool, or combinations thereof.

[0040] While these examples have been described with ref-
erence to forming the truncated shape by stamping and using
aguide, any appropriate mechanism for forming the truncated
shape may be used. For example, the truncated shape may be
formed by grinding, blading, slicing, or otherwise using
another type of tool to shape the truncation.

[0041] FIG. 4is a diagram of an example of a method (400)
for encapsulating a bonded wire with low profile encapsula-
tion according to the principles described herein. In this
example, the method (400) includes applying (402) encapsu-
lation over a bonded wire that is connected to a die on a first
end and to a circuit component on a second end and truncating
(404) a shape of the encapsulation to form a truncated shape.
[0042] In some examples, the truncated shape is formed
through a compressive mechanism. For example, a stamp can
be used to flatten the surface of the encapsulation or shorten
the encapsulation’s height. 41 other examples, other devices
can be used to flatten the top and reduce the encapsulation’s
height. In some examples, the compressed encapsulation
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material may have a higher density than other encapsulation
materials that are allowed to retain their shapes that are deter-
mined by the encapsulation material’s surface tension and
other properties. The compression may provide the example
of removing air bubbles from the encapsulation. Further, the
compression may aid in forming a stronger bond between the
die, bonded wire, printed circuit board, or other surface areas
of'the apparatus and the encapsulation. As a result, the encap-
sulation may be less prone to delaminating.

[0043] In some examples, the shape is truncated by allow-
ing the encapsulation to wick under a guide while simulta-
neously depositing the encapsulation and moving the guide
along alength of the wire. In yet other examples, the truncated
shape is formed by grinding or otherwise removing a portion
of the encapsulation.

[0044] The temperature of the liquid resin used to form the
encapsulation material may be controlled during the encap-
sulation process. A mechanism may be implemented to cause
the liquid resin to have a high enough temperature to flow
easily during application processes, compression processes,
grinding processes, or other processes for forming the trun-
cated shapes. Likewise, when the liquid resin is formed in the
desirable truncated shape, the liquid resin may be actively
cooled to cause the encapsulation to retain the desired shape.
Active cooling may occur by use of a fan, cooling the stamp
or guide, or other mechanism that will cool the encapsulation.
[0045] An advantage of the principles described herein is
that the processes of stamping, guiding, blading, grinding, or
otherwise forming a truncated shape is relatively inexpensive
as compared to creating a low profile encapsulation through a
film deposition technique. Further, the principles described
herein may involve a single process for forming the truncated
shape as the liquid resin is applied. In other examples, the
principles described herein may involve multiple processes
such as first depositing the encapsulation, allowing that
encapsulation to form whatever shape is inherent to the
encapsulation based on the encapsulation’s inherent proper-
ties, and truncating that natural shape.

[0046] Further, the principles described herein allow for the
encapsulation to be closer to the print heads and/or nozzles.
Such an advantage allows for the electronics in printers (or the
printers themselves) to be made smaller. As a result, the
printers can be less expensive and more compact.

[0047] While the principles described herein have been
described with reference to specific types of devise, the prin-
ciples described herein can be applied to any appropriate type
of apparatus. For example, the principles described herein
may be applied to printers, micro-electronic components,
other types of apparatus, or combinations thereof.

[0048] The preceding description has been presented only
to illustrate and describe examples of the principles
described. This description is not intended to be exhaustive or
to limit these principles to any precise form disclosed. Many
modifications and variations are possible in light of the above
teaching.
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What is claimed is:

1. An apparatus for encapsulating a bonded wire with low
profile encapsulation, comprising:

a bonded wire connected to a die on a first end and to a

circuit component on a second end; and

an encapsulation material disposed over said bonded wire;

wherein said encapsulation comprises a truncated shape.

2. The apparatus of claim 1, wherein said truncated shape is
formed by compressing said encapsulation when said encap-
sulation comprised a deposited shape determined by a surface
tension of said encapsulated.

3. The apparatus of claim 1, wherein said truncated shape is
formed by wicking said encapsulation along an underside of
a guide.

4. The apparatus of claim 1, wherein said truncated shape is
formed by removing a portion of said encapsulation when
said encapsulation comprised a deposited shape determined
by a surface tension of said encapsulated.

5. The apparatus of claim 1, wherein said die comprises an
inkjet nozzle.

6. The apparatus of claim 1, wherein said encapsulation is
less than a hundred microns in height.

7. The apparatus of claim 1, wherein said bonded wire is
incorporated into a print head.

8. The apparatus of claim 1, wherein said truncated shape
comprises a top-hat profile.

9. A method for encapsulating a bonded wire with low
profile encapsulation, comprising:

applying encapsulation over a bonded wire that is con-
nected to a die on a first end and to a circuit component
on a second end; and

truncating a shape of said encapsulation to form a truncated
shape.

10. The method of claim 9, wherein truncating said shape

includes compressing said encapsulation with a stamp.

11. The method of claim 10, wherein compressing said
encapsulation with a stamp includes actively heating said
stamp while compressing said encapsulation.

12. The method of claim 9, wherein truncating said shape
includes grinding away a portion of said encapsulation.

13. The method of claim 9, wherein truncating said shape
includes allowing said encapsulation to wick under a guide.

14. The method of claim 9, wherein truncating said shape
includes allowing said encapsulation to wick under a guide
while simultaneously depositing said encapsulation and mov-
ing said guide along a length of said wire.

15. A printer for encapsulating a bonded wire with low
profile encapsulation, comprising:

a bonded wire with a first end connected to a die that
incorporates an inkjet nozzle, a second end of said
bonded wire is connected to a circuit component; and

an encapsulation material disposed over said bonded wire;

wherein said encapsulation comprises a truncated shape
that has a profile that is less than a hundred microns in

height.



