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(57) ABSTRACT

A conductive bump structure of a circuit board and a method
for fabricating the same are proposed. The circuit board with
a plurality of electrical connection pads is provided. An
insulating protective layer and a resist layer are successively
applied on the circuit board, wherein openings are formed in
the layers at positions corresponding to the pads to expose
the pads. Then, a conductive layer is formed on surfaces of
the resist layer and openings, and a metal layer is formed on
the conductive layer via electroplating and filled in the
openings. Subsequently, the metal layer and conductive
layer formed on the resist layer are removed via thinning, so
as to form metal bumps on the pads. After the resist layer is
removed, the metal bumps are covered by an adhesive layer
to form a conductive bump structure for electrically con-
necting the circuit board to the external electronic compo-
nent.
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CONDUCTIVE BUMP STRUCTURE OF CIRCUIT
BOARD AND METHOD FOR FABRICATING THE
SAME

CROSS-REFERENCE TO RELATED
APPLICATIONS

[0001] This application claims benefit under 35 USC 119
of Taiwan Application No. 094107081, filed on Mar. 9,
2005.

FIELD OF THE INVENTION

[0002] The present invention relates to conductive bump
structures of circuit boards and methods for fabricating the
same, and more particularly, to a conductive bump structure
formed on an electrical connection pad of a circuit board for
electrically connecting the circuit board to the external
electronic component.

BACKGROUND OF THE INVENTION

[0003] The flip chip packaging technology was introduced
by IBM in the early 1960s, and this technology differs from
the wire bonding technology in that the electrical connec-
tivity between the semiconductor chip and the substrate is
achieved by the solder bumps instead of the ordinary wires.
The main advantage of the flip chip packaging technology
lies in its capability of elevating packaging density, thus the
size of the packaged components are reduced; on the other
hand, the flip chip packaging technology does not require
wires of longer length, and hence the electrical functionality
can be improved. As a result, the industry has been employ-
ing high-temperature soldering on ceramic substrates for
years, and this technology is termed as control-collapse chip
connection or 4C technology. Because the demand for
semiconductor components of high-density, high-speed,
low-cost has increased dramatically, and a trend that calls for
smaller electronic products has emerged; it has become
common to place the flip chip components on a low-cost
organic circuit board (for example, a printed circuit board or
a substrate board), then followed by the filling of epoxy
underfill resin underneath the chip in order to minimize the
thermal stress resulted from the differences in thermal
expansion between silicon chip and organic circuit board
structure, and the phenomenon has grown exponentially.

[0004] In the current flip chip packaging technology, the
surface of semiconductor integrated circuit chip is disposed
an electrode pad thereof, and its corresponding connecting
pads are disposed on the organic circuit board; solder bumps
or other conductive solder materials are filled between the
chip and the circuit board, so that the chip is disposed on the
circuit board with its electrical connecting side facing down-
wards. The solder bumps or the conductive adhesive mate-
rials used in this technology provides for the electrical input
and output, as well as the mechanical connection between
the chip and the circuit board.

[0005] As shown in FIG. 1, in the flip chip packaging
technology, a plurality of metal bumps 11 are formed on
electrode pads 12 of a chip 13, and a plurality of preset
solder bumps 14 made of solder are formed on electrical
connection pads 15 of a circuit board 16, then solder joint 17
are formed by reflowing preset solder bumps 14 to the
corresponding metal bumps 11 under the condition of having
the temperature sufficient for melting the preset solder
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bumps 14. In the next step, the chip and the circuit board are
coupled by using the underfill material 18, so that the
integration and the reliability of the electrical connection
between chip 13 and circuit board 16 can be ensured.

[0006] Moreover, when the circuit board and the semicon-
ductor chip are to be packaged, a plurality of solder balls are
required to be implanted on the bottom surface of the circuit
board, so that it is possible for the circuit board to electri-
cally connect to external electronic devices. In order to allow
the solder balls to connect to the circuit board effectively, the
electrical connection pads of the circuit board that are to be
used for the disposition of solder balls must be formed with
the solder materials for connecting the solder balls first.

[0007] Currently, the method that is most commonly used
to form solder material on the electrical connection pad of
the circuit board is the stencil printing technology. As shown
in FIG. 2, a solder-mask layer 21 is formed on a circuit
board 20 that has been wired with circuits, then a plurality
of electrical connection pads 22 are exposed, so that a stencil
23 with a plurality of openings 23a are placed on the
solder-mask layer 21 of the circuit board 20; solder depo-
sition can be formed on the electrical connection pads 22 by
the openings 23a (not shown in the figure). A roller 24 or
spray mode can be utilized to allow the solder to accumulate
in the openings 23a, and once stencil 23 is removed, the
solder deposition is formed in the openings 23a. This is
followed by the reflowing process, which allows the solder
deposition on the electrical connection pads 22 to solidify
into the solder structure.

[0008] However, the developmental trend of miniaturiza-
tion for semiconductor chip is driving changes in the semi-
conductor packaging technology, in order to allow the
ever-shrinking chips to have more input and output termi-
nals. But the change also shrinks the total area of carried
components in a chip, which in turn increases the quantity
of electrical connection pad on the carried components; as a
result, the demands for the development of chip can only be
satisfied by shrinking the size and the pitch of electrical
connection pad. But the shrinking of electrical connection
pad also makes the openings on the stencil used in stencil
printing technology smaller as well. As a result, the smaller
openings on the stencil not only increases the cost for
producing the stencil, which is resulted from difficulty in
stencil production; but also hampers the later production
process because the smaller opening on the stencil can be
impervious to the solder material. Furthermore, apart from
the requirement of accurate size of stencil in order to ensure
the precision in the shaping of solder material; there are the
problems of the number of times the stencil has been used
and cleaned. Since the solder material is viscous, it can stick
to the inner wall of openings in the stencil and accumulate
as the stencil is used to print many times, and this can give
rise to incorrect quantity and shape of solder material from
the design specification when the stencil is used next time.
Therefore, when the stencil is put to actual usage, it must be
cleaned after a certain times of printing, otherwise problems
like conflicting shape and size of solder material can arise
and result in the production process being impeded, which
lowers its reliability.

[0009] To solve the above disadvantages, the method of
electroplating has been employed to form solder material on
the circuit board. FIGS. 3A to 3D are figures showing the
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procedural steps in the method for electroplating preset
solder bumps on the circuit board. As shown in FIG. 3A, a
solder mask layer 31 is formed on the circuit board 30 that
has electrical connection pads 300, then openings 310 are
formed on the solder mask layer 31 to expose the electrical
connection pads 300 of the circuit board 30. As shown in
FIG. 3B, a conductive layer 32 is formed on the surface of
solder mask layer 31 and its openings 310, then an electro-
plated resist layer 33 that is to be electroplated and formed
with openings 330 is formed on the conductive layer 32, so
that the conductive layer 32 covered on the electrical con-
nection pads 300 is exposed. As shown in FIG. 3C, the
electroplating process is carried out, which utilizes the
conductivity of conductive layer 32 as the electrically con-
ductive pathway during electroplating, so that solder mate-
rial 34 is formed by electroplating in the openings 330 that
are to be electroplated. As shown in FIG. 3D, the resist layer
33 and the portion of the conductive layer 32 covered by the
resist layer 33 are removed, then followed by solder reflow-
ing so that preset solder bumps 35 are formed on the
electrical connection pads of the circuit board.

[0010] Although the above procedures can solve the prob-
lems of stencil printing described previously, the difficulty of
electroplating can be increased due to minimal area for
electroplating, because solder materials 34 is formed in the
openings of resist layer by direct electroplating. Moreover,
when solder material is formed on the electrical connection
pads in the openings of solder mask layer by direct electro-
plating, it becomes difficult to control the height of solder
material on the electrical connection pads, which can lead to
problems like uneven height of conductive bumps on the
surface of circuit board, and this will have serious impact on
the reliability of the electrical connecting process of later
circuit boards and external electronic components (espe-
cially semiconductor chips).

SUMMARY OF THE INVENTION

[0011] Inlight of the above prior art drawbacks, a primary
objective of the present invention is to provide a conductive
bump structure of the circuit board and a method for
fabricating the same to avoid problems related to formation
of conductive bumps of uneven height on a surface of the
circuit board, so as to ensure the reliability of the subsequent
electrical connecting process for circuit boards and external
electronic components.

[0012] Another objective of the present invention is to
provide a conductive bump structure of the circuit board and
a method for fabricating the same to avoid problems such as
having the difficulty of electroplating increased due to
minimal area for electroplating.

[0013] Still another objective of the present invention is to
provide a conductive bump structure of the circuit board and
a method for fabricating the same to reduce the amount of
solder materials used and the cost of production.

[0014] A further objective of the present invention is to
provide a conductive bump structure of the circuit board and
a method for fabricating the same to effectively form con-
ductive bumps serving as external electrical connections on
fine-pitch electrical connection pads of the circuit board.

[0015] Yet another objective of the present invention is to
provide a conductive bump structure of the circuit board and
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a method for fabricating the same to prevent restrictions on
size of conductive bumps, an increase in production cost or
complexity of fabrication process.

[0016] In accordance with the foregoing and other objec-
tives, the present invention proposes a method for fabricat-
ing a conductive bump structure of the circuit board, com-
prising steps of: providing the circuit board having at least
a surface formed with a plurality of electrical connection
pads; forming an insulating protective layer and a resist
layer on the circuit board in sequence; forming a plurality of
openings in the insulating protective layer and resist layer at
positions corresponding to the electrical connection pads to
expose the electrical connection pads of the circuit board;
forming a conductive layer on surfaces of the resist layer and
openings; forming a metal layer on the conductive layer via
electroplating, and filling the metal layer in the openings of
the insulating protective layer and resist layer; removing the
metal layer and conductive layer formed on the surface of
the resist layer via thinning, and retaining the metal layer
and conductive layer filled in the openings to form metal
bumps on the electrical connection pads; and removing the
resist layer via chemical etching or physical tearing, and
forming an adhesive layer over exposed surfaces of the
metal bumps, so as to form the conductive bump structure
for electrically connecting the circuit board to the external-
electronic component. Further, the metal layer may be made
of a material selected from the group consisting of copper
(Cu), tin (Sn), lead (Pb), silver (Ag), and their alloys; the
adhesive layer may be made of a material selected from the
group consisting of copper (Cu), tin (Sn), lead (Pb), silver
(Ag), nickel (Ni), gold (Au), platinum (Pt) and their alloys,
or be an organic solderability preservative (OSP).

[0017] In another preferred embodiment, the present
invention proposes a method for fabricating a conductive
bump structure of the circuit board, comprising steps of:
providing the circuit board having at least a surface formed
with a plurality of electrical connection pads; forming an
insulating protective layer on the circuit board in sequence,
and forming a plurality of openings in the insulating pro-
tective layer to expose the electrical connection pads of the
circuit board; forming a resist layer on the insulating pro-
tective layer, and forming a plurality of openings in the resist
layer at positions corresponding to the openings of the
insulating protective layer to expose the electrical connec-
tion pads; forming a conductive layer on exposed surfaces of
the resist layer and openings; forming a metal layer on the
conductive layer via electroplating, and filling the metal
layer in the openings; removing the resist layer, the conduc-
tive layer and metal layer formed on the surface of the resist
layer via chemical etching or physical tearing so as to form
metal bumps on the electrical connection pads of the circuit
board, wherein the metal bumps comprise the metal layer
and conductive layer; and forming an adhesive layer over
exposed surfaces of the metal bumps. Furthermore, the
insulating protective layer can be previously formed with a
plurality of openings to expose the electrical connection
pads on the surface of the circuit board. Then, the resist layer
formed on the insulating protective layer with a plurality of
openings located at positions corresponding to the electrical
connection pads. However, the insulating protective layer
and resist layer may be successively formed first, before
forming the openings of the insulating protective layer and
resist layer at the same time.
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[0018] Referring to the aforementioned fabricating meth-
ods, a conductive bump structure of the circuit board fab-
ricated in accordance with present invention is provided,
wherein a surface of the circuit board is formed with an
electrical connection pad and covered by an insulating
protective layer, an opening is formed in the insulating
protective layer to expose the electrical connection pad
covered by the insulating protective layer and the conductive
bump structure is formed on the electrical connection pad of
the circuit board and protruded from the opening of the
insulating protective layer. Further, the conductive bump
structure comprises a metal bump having a metal layer and
a conductive layer formed on the lateral and bottom sides of
the metal layer, wherein the metal bump is protruded from
the opening of the insulating layer; and an adhesive layer
covering the exposed surface of the metal bump.

[0019] Therefore, according to a conductive bump struc-
ture of the circuit board and a method for fabricating the
same provided in the present invention, an insulating layer
and a resist layer with openings are formed on a surface of
a circuit board, wherein the openings are corresponding to
electrical connection pads, so that the electrical connection
pads are exposed. Then a conductive layer is formed on the
surfaces of the openings and resist layer. This thereby allows
the conductive layer with larger surface area to provide a
sufficiently large area for subsequent electroplating process
and form a metal layer thereon by electroplating. Later, the
metal layer and the conductive layer formed on a surface of
the resist layer are removed, so as to reduce the difficulty of
electroplating increased due to minimal area for electroplat-
ing. Further, the metal layer is filled in the openings of the
insulating protective layer and the resist layer in order to
flatten the surface of the metal layer; and then a portion of
the metal layer is removed to form the metal bumps of even
height, so as to avoid problems like forming uneven height
of conductive bumps on the surface of circuit board, which
is incurred as a result of directly forming the metal bumps
in the openings of the insulating protective layer and the
resist layer by electroplating and will have a serious impact
on the reliability of the electrical connecting process of
circuit boards and external electronic components (including
semiconductor chips).

[0020] Moreover, in accordance with a conductive bump
structure of the circuit board and a method for fabricating the
same provided in the present invention, the conductive layer
is formed on surfaces of the electrical connection pads first,
and then the metal layer is formed on the conductive layer
of larger surface area via electroplating. Accordingly, the
metal layer formed on the electrical connection pads via
copper electroplating, having a low material cost and faster
electroplating speed, is made with copper characteristics to
save the fabrication time. Further, the difficulty of electro-
plating is reduced because of having a larger surface area of
the conductive layer for electroplating. As a result, the
conductive bump structure of the circuit provided in the
present invention could reduce the amount of solder material
used and thus reduce the cost of production. Meanwhile, the
present invention could also avoid problems such as bridg-
ing effect and short circuit, resulting from using too much
solder materials in the conventional solder reflow process;
and hence provide the fine-pitch electrical connection pads
and solve problems caused by the conventional stencil
printing technique, such as size limitation on conductive
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bumps, restrictiosn on distances between contact pads or
increase of production cost and complexity of fabrication.

BRIEF DESCRIPTION OF THE DRAWINGS

[0021] The present invention can be more fully understood
by reading the following detailed description of the pre-
ferred embodiments, with reference made to the accompa-
nying drawings, wherein:

[0022] FIG. 1A (PRIOR ART) is a cross-sectional sche-
matic diagram of a conventional flip-chip component;

[0023] FIG. 2A (PRIOR ART) is a cross-sectional sche-
matic diagram of a conventional circuit board having solder
material deposited on electrical connection pads via stencil
printing technology;

[0024] FIGS. 3A to 3D (PRIOR ART) are cross-sectional
schematic diagrams of a conventional pre-soldering bump of
the circuit board in prior-art;

[0025] FIGS. 4A to 41 are cross-sectional schematic dia-
grams of a conductive bump structure of the circuit board in
accordance with a first exemplary embodiment of the
present invention;

[0026] FIGS. 5A to 5G are cross-sectional schematic
diagrams of a conductive bump structure of the circuit board
in accordance with a second exemplary embodiment of the
present invention; and

[0027] FIGS. 6A to 6G are cross-sectional schematic
diagrams of a conductive bump structure of the circuit board
in accordance with a third exemplary embodiment of the
present invention.

DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENTS

[0028] The present invention relates generally to conduc-
tive bump structures of circuit boards and methods for
fabricating the same, and more particularly, to a conductive
bump structure formed on an electrical connection pad of a
circuit board for electrically connecting the circuit board to
the external electronic component. The following descrip-
tion is presented to enable one of ordinary skill in the art to
make and use the invention and is provided in the context of
a patent application and its requirements. Various modifica-
tions to the preferred embodiments and the generic prin-
ciples and features described herein will be readily apparent
to those skilled in the art. Thus, the present invention is not
intended to be limited to the embodiments shown, but is to
be accorded the widest scope consistent with the principles
and features described herein.

[0029] Proposed in the present invention can be more fully
understood by reading the detailed description of the pre-
ferred embodiments. What needs to be concerned here is that
the drawings are simplified schematic diagrams, and thus
only constructs relevant to the present invention are illus-
trated.

[0030] FIGS. 4A-4I show a preferred embodiment of a
conductive bump structure of a circuit board of the present
invention and the method of making the same.

[0031] Referring to FIG. 4A-4C, a surface of a circuit
board formed with a plurality of electrical connection pads
is provided first. The fabrication of forming an electrical
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connection pad on a surface of a circuit board is further
described as follows. As shown in FIG. 4A, a conductive
layer 42 is formed on an insulating layer 41, which is formed
on a surface of the circuit board, and a resist layer 43 is
formed on the conductive layer 42, wherein a plurality of
openings 430 are formed in the resist layer 43. In one
embodiment, the conductive layer 42 may serve as an
electrical conductive pathway for electroplating metal mate-
rials employed in subsequent processes, and be made of
metals, multi-deposited metal layers, or any conductive
molecule material such as conductive polymer, polyacety-
lene, polyaniline, organosulfur or organosulfide polymer and
the like. The resist layer 43 may be a photo-resist layer such
as a dry film photo-resist or a liquid photo-resist layer. The
resist layer 43 is applied to the surface of the conductive
layer 42 by performing process such as printing, spin-
coating, laminating, adhering or the like. Then exposure and
developing is preformed for patterning the resist layer 43, so
that openings 430 are formed in the resist layer 43 to expose
a portion of the conductive layer 42 of the surface of the
circuit board.

[0032] As shown in FIG. 4B, an electroplating process is
preformed. During the electroplating process, the conduc-
tive layer 42 served as an electrical conductive pathway, for
example, a current transmission pathway, allows the elec-
trical connection pads 410 to be formed in the openings 430
of the resist layer 43 via electroplating. Further, conductive
wirings may also be formed on the surface of the circuit
board simultaneously via electroplating (not shown). As
shown in FIG. 4C, the resist layer and the conductive layer
42 covered by the resist layer 43 are removed.

[0033] As shown in FIG. 4D, an insulating protective
layer 45 is formed on the circuit board comprising the
electrical connection pads 410, and then a resist layer 46 is
formed on the insulating protective layer 45. In the embodi-
ment, the insulating protective layer 45 and the resist layer
46 are formed on the surface of the circuit board in sequence
by performing at least one of printing, coating, spin-coating,
laminating, and adhering processes. The insulating protec-
tive layer 45 may be a mask layer and the resist layer 46 may
be a photo-resist layer such as dry film photo-resist or liquid
photo-resist, or a non-photosensitive layer

[0034] Referring to FIG. 4E, openings 450, 460 are
formed on the insulating protective layer 45 and the resist
layer 46 at positions corresponding to the electrical connec-
tion pads 410 to expose the electrical connection pads 410.
Further, the openings 450, 460 may be formed by plasma
etching or laser etching.

[0035] Referring to FIG. 4F, a conductive layer 47 is
formed on surfaces of the resist layer 46 and the openings
450, 460. The conductive layer 47 serves as an electrical
conductive pathway for electroplating metal materials in
subsequent processes, and may be made of metals, alloys,
stacked metal layers, or any conductive molecule material
such as conductive polymers.

[0036] Referring to FIG. 4G, an electroplating process is
performed. The conductive layer 47 served as an electrical
conductive pathway, provides a large surface area for elec-
troplating. A metal layer 48 is thus formed on the conductive
layer 47 via electroplating, wherein the openings 450, 460 of
the insulating protective layer 45 and the resist layer 46 are
filled with the metal layer 48. Further, the metal layer 48
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may be made of metals such as lead (Pb), tin (Sn), silver
(Ag), copper (Cu), or their alloys. However, based on the
implementation experience, the metal layer 48 is preferably
made of, but not limit to, copper via electroplating, because
the copper is a well-known electroplating material with a
lower material cost.

[0037] Referring to FIG. 4H, a thinning process is per-
formed to remove the conductive layer 47 and the metal
layer 48 formed on the surface of the resist layer 46. Thus,
the parts of the metal layer 48 and the conductive layer 47
formed at the position corresponding to the electrical con-
nection pad 410 and filled in the opening 450 of the
insulating protective layer and the opening 460 of the resist
layer are retained, in order to form metal bumps 480
comprising the metal layer 48 and the conductive layer 47 at
even height. The thinning process may include, but not
limited to, etching or abrading process.

[0038] Referring to FIG. 4L, the resist layer 46 is moved
by chemical means such as etching or physical means such
as tearing, and an adhesive layer 49 is formed on the exposed
surfaces of the metal bump 480. Further, the material of the
adhesive layer 49 may be selected from, but not limited to,
at least one of the group consisting of copper (Cu), tin (Sn),
lead (Pb), silver (Ag), nickel (Ni), gold (Au), platinum (Pt),
their alloys, solder materials, and an organic solderability
preservative (OSP), so as to form the conductive bumps 480
for electrically connecting the circuit board to a semicon-
ductor chip of an electronic devices.

[0039] Referring to the aforementioned fabricating meth-
ods, a conductive bump structure of the circuit board fab-
ricated in accordance with present invention is provided,
wherein a surface of the circuit board is formed with an
electrical connection pad 410 and covered by an insulating
protective layer 45, an opening 450 is formed in the insu-
lating protective layer 45 to expose the electrical connection
pad 410 covered by the insulating protective layer 45 and the
conductive bump structure is formed on the electrical con-
nection pad 410 of the circuit board and protruded from the
opening 450 of the insulating protective layer. Further, the
conductive bump structure comprises a metal bump 480
having a metal layer 48 and a conductive layer 47 formed on
the lateral and bottom sides of the metal layer 48, wherein
the metal bump 48 is protruded from the opening of the
insulating layer 41; and an adhesive layer 49 covering the
exposed surface of the metal bump 480.

[0040] Therefore, in one embodiment, according to a
conductive bump structure of the circuit board and a method
for fabricating the same provided in the present invention, an
insulating layer 45 and a resist layer 46 with openings 450,
460 are formed on a surface of the circuit board, wherein the
openings 450, 460 are formed at positions corresponding to
electrical connection pads 410, so that the electrical con-
nection pads 410 are exposed. Then a conductive layer 47 is
formed on the surfaces of the openings 450, 460 and resist
layer 46. This thereby allows the conductive layer 47 with
larger surface area to provide a sufficiently large area for
subsequent electroplating process and form a metal layer 48
on the conductive layer 47 by electroplating. Later, portions
of the metal layer 48 and the conductive layer 47 formed on
a surface of the resist layer 46 are removed, so as to reduce
the difficulty of electroplating increased due to minimal area
for electroplating. Further, the metal layer 48 is filled in the
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openings 450, 460, and portions of the metal layer 48 and
conductive layer 47 are removed to form the metal bumps
480 of even height, so as to avoid problems like forming
uneven height of conductive bumps on the surface of circuit
board, which is incurred as a result of directly forming the
metal bumps in the openings of the insulating protective
layer and the resist layer by electroplating and will have a
serious impact on the reliability of the electrical connecting
process of circuit boards and the external electronic com-
ponent.

[0041] Moreover, in accordance with a conductive bump
structure of the circuit board and a method for fabricating the
same provided in the present invention, the conductive layer
47 is formed on surfaces of the electrical connection pads
410 first, and then the metal layer 48 is formed on the
conductive layer 47 of larger surface area via electroplating.
Accordingly, the metal layer 48 formed on the electrical
connection pads 410 via copper electroplating, having a low
material cost and faster electroplating speed, is made with
copper characteristics. Further, portions of the metal layer 48
and conductive layer 47 are removed to form the metal
bumps 480, so as to save the fabrication time. Since a larger
surface area of the conductive layer 47 is provided for
electroplating, the difficulty of electroplating is thus
reduced.

[0042] Moreover, the adhesive layer 49 made of solder
materials, which is high material cost, is formed on the
surfaces of the metal bumps 480, so as to reduce the usage
of high cost solder materials to reduce the cost of produc-
tion. Such adhesive layer 49 also provides strong binding
force between the circuit board and the external device.
Meanwhile, the present invention could also avoid problems
such as bridging effect and short circuit, resulting from using
too much solder materials in the conventional solder reflow
process; and hence provide the fine-pitch electrical connec-
tion pads and solve problems caused by the conventional
stencil printing technique, such as size limitation on con-
ductive bumps, restrictiosn on distances between contact
pads or increase of production cost and complexity of
fabrication.

[0043] FIG. 5A-5G are cross-sectional schematic dia-
grams of a second preferred embodiment of a conductive
bump structure of the circuit board. The fabrication method
provided herewith is similar to the one disclosed in the
foregoing embodiment; however, in this embodiment, open-
ings are formed in the insulating protective layer before the
resist layer. Later, openings of the resist layer are formed at
positions corresponding to electrical connection pads for
subsequent electroplating process.

[0044] Referring to FIG. 5A, a circuit board 50 having a
surface formed with a plurality of electrical connection pads
510 is provided.

[0045] Referring to FIG. 5B, the surface of the circuit
board 50 is covered by an insulating protective layer 55,
wherein the insulating protective layer 55 is formed with a
plurality of openings 550, so that the electrical connection
pads 510 are exposed from the insulating protective layer 55.

[0046] Referring to FIG. 5C, a resist layer 56 is formed on
the insulating protective layer 55, wherein openings 560 are
formed on the resist layer 56 at positions corresponding to
the openings 550 of the insulating protective layer 55 via
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exposure and developing, so as to expose the electrical
connection pads 510 formed on the surface of the circuit
board 50.

[0047] Referring to FIG. 5D, a conductive layer 57 is
formed on surfaces of the resist layer 56 and openings 550,
560.

[0048] Referring to FIG. 5E, an electroplating process is
performed. The conductive layer 57 serves as an electrical
conductive pathway and provides a large surface area for
electroplating. Later, a metal layer 58 is formed on the
conductive layer 57 via electroplating, wherein the metal
layer 58 is filled in the openings 550, 560 of the insulating
protective layer 55 and resist layer 56.

[0049] Referring to FIG. 5F, a thinning process is per-
formed to remove portions of the conductive layer 57 and
metal layer 58 formed on the surface of the resist layer 56.
However, the conductive layer 57 and the metal layer 58
formed in the openings 550, 560 are retained, so as to form
even height of metal bumps 580 comprising portions of the
metal layer 58 and the conductive layer 57 on the electrical
connection pads 510 of the circuit board 50. What is more
is that, in the embodiment, the metal layer 58 and the
conductive layer 57 on the surface of the resist layer 56 are
removed via thinning, and the metal layer 58 and the
conductive layer 47 which are formed at a position corre-
sponding to the electrical connection pad 510 formed on the
surface of the circuit board and filled in the openings
560,550 of the resist layer and the insulating protective layer
are retained, in order to form the metal bumps 580 of even
height on the electrical connection pads 510 to provide a flat
surface for forming subsequent electrical connection with
the external device. Further, the thinning process may be, but
not limited to, etching or abrading process.

[0050] Referring to FIG. 5G, subsequently, the resist layer
56 is moved by chemical means such as etching or physical
means such as tearing, so as to form an adhesive layer 59 on
the exposed surface areas of the metal bump 580.

[0051] FIG. 6A-6G are cross-sectional schematic views
of a third preferred embodiment of conductive bump struc-
tures of a circuit board. The fabrication method provided
herewith is similar to the one disclosed in the second
embodiment; however, in this embodiment, a resist layer, a
metal layer and a conductive layer formed on a surface of the
resist layer are removed at once, so as to form the conductive
bumps on the electrical connection pads of the circuit board.

[0052] Referring to FIG. 6A, a circuit board 60 having a
surface formed with a plurality of electrical connection pads
610 is provided.

[0053] Referring to FIG. 6B, the surface of the circuit
board 60 is covered by an insulating protective layer 62,
wherein the insulating protective layer 62 is formed with a
plurality of openings 630 to expose the electrical connection
pads 610 of the circuit board 60.

[0054] Referring to FIG. 6C, a resist layer 63 is formed on
the insulating protective layer 62, wherein openings 630 are
formed in the resist layer 63 at positions corresponding to
the openings 620 of the insulating protective layer 62 via
exposure and developing, so as to expose the electrical
connection pads 610 formed on the surface of the circuit
board 60.



US 2006/0202331 Al

[0055] Referring to FIG. 6D, a conductive layer 64 is
formed on surfaces of the resist layer 63 and the openings
620, 630.

[0056] Referring to FIG. 6E, an electroplating process is
performed. The conductive layer 64 serves as an electrical
conductive pathway and provides a large surface area for
electroplating. Later, a metal layer 65 is thus formed on the
conductive layer 64 via electroplating, wherein metal layer
65 is filled in the openings 620, 630 of the insulating
protective layer 62 and resist layer 63.

[0057] Referring to FIG. 6F, the resist layer 63 is moved
by physical means such as tearing. Due to the tearing force
applied to the resist layer 63, a stress concentration effect
occurs around the openings 620 of the resist layer 63, and
thereby allows the conductive layer 64 and metal layer 65 to
be removed simultaneously along with the removal of the
resist layer 63, so as to form metal bumps 650 with even
height on the electrical connection pads 610. Arrangement
as such provides a fairly flat surface for connecting the
circuit boards to the external electronic components (includ-
ing semiconductor chips) in subsequent process.

[0058] Referring to FIG. 6G, an adhesive layer 66 is
formed over the metal bumps 650.

[0059] Therefore, according to a conductive bump struc-
ture of the circuit board and a method for fabricating the
same provided in the present invention, an insulating layer
and a resist layer with openings are formed on a surface of
a circuit board, wherein the openings are corresponding to
electrical connection pads, so that the electrical connection
pads are exposed. Then a conductive layer is formed on the
surfaces of the openings and resist layer. This thereby allows
the conductive layer with larger surface area to provide a
sufficiently large area for subsequent electroplating process
and form a metal layer thereon by electroplating. Later, the
metal layer and the conductive layer formed on a surface of
the resist layer are removed; however, the metal layer and
the conductive layer formed in the openings are retained to
form metal bumps on the electrical connection pads of the
circuit board, so as to reduce the difficulty of electroplating
increased due to minimal area for electroplating. Further, the
metal layer is filled in the openings of the insulating pro-
tective and the resist layer in order to flatten the surface of
the metal layer; and then a portion of the metal layer is
removed to form the metal bumps of even height, so as to
avoid problems like forming uneven height of conductive
bumps on the surface of circuit board, which is incurred as
a result of directly forming the metal bumps in the openings
of the insulating protective layer and the resist layer by
electroplating and will have a serious impact on the reli-
ability of the electrical connecting process of circuit boards
and external electronic components (including semiconduc-
tor chips).

[0060] Moreover, in accordance with a conductive bump
structure of the circuit board and a method for fabricating the
same provided in the present invention, the conductive layer
is formed on surfaces of the electrical connection pads first,
and then the metal layer is formed on the conductive layer
of larger surface area via electroplating. Accordingly, the
metal layer formed on the electrical connection pads via
copper electroplating, having a low material cost and faster
electroplating speed, is made with copper characteristics to
save the fabrication time. Further, the difficulty of electro-
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plating is reduced because of having a larger surface area of
the conductive layer for electroplating. As a result, the
conductive bump structure of the circuit provided in the
present invention could reduce the amount of solder material
used and thus reduce the cost of production. Meanwhile, the
present invention could also avoid problems such as bridg-
ing effect and short circuit, resulting from using too much
solder materials in the conventional solder reflow process;
and hence provide the fine-pitch electrical connection pads
and solve problems caused by the conventional stencil
printing technique, such as size limitation on conductive
bumps, restrictions on distances between contact pads or
increase of production cost and complexity of fabrication.

[0061] Although the present invention has been described
in accordance with the embodiments shown, one of ordinary
skill in the art will readily recognize that there could be
variations to the embodiments and those variations would be
within the spirit and scope of the present invention. Accord-
ingly, many modifications may be made by one of ordinary
skill in the art without departing from the spirit and scope of
the appended claims.

What is claimed is:
1. A method for fabricating a conductive bump structure
of a circuit board, comprising the steps of:

providing the circuit board having at least a surface
formed with a plurality of electrical connection pads;

forming an insulating protective layer and a resist layer on
the circuit board in sequence;

forming a plurality of openings in the insulating protec-
tive layer and resist layer at positions corresponding to
the electrical connection pads to expose the electrical
connection pads of the circuit board;

forming a conductive layer on surfaces of the resist layer
and openings;

forming a metal layer on the conductive layer via elec-
troplating, and filling the metal layer in the openings of
the insulating protective layer and the resist layer;

removing the metal layer and conductive layer formed on
the surface of the resist layer via thinning, and retaining
the metal layer and conductive layer filled in the
openings to form metal bumps on the electrical con-
nection pads; and

removing the resist layer, and forming an adhesive layer

over exposed surfaces of the metal bumps, so as to form

the conductive bump structure for electrically connect-

ing the circuit board to the external electronic compo-
nent.

2. The method for fabricating a conductive bump structure

of a circuit board of claim 1, wherein the method for

fabricating the electrical connection pads comprises steps of:

forming a conductive layer on an insulating layer formed
on a surface of the circuit board;

forming a resist layer on the conductive layer, and form-
ing openings of the resist layer to expose a portion of
the conductive layer; and

forming the electrical connection pads in the openings of
the resist layer via electroplating.
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3. The method for fabricating a conductive bump structure
of a circuit board of claim 2, further comprising the step of
removing the resist layer and the conductive layer covered
by the resist layer.

4. The method for fabricating a conductive bump structure
of a circuit board of claim 1, wherein the openings of the
insulating protective layer and resist layer are formed via
one of plasma etching and laser drilling.

5. The method for fabricating a conductive bump structure
of a circuit board of claim 1, wherein the metal bumps are
made of the metal layer and the conductive layer formed at
positions corresponding to the electrical connection pads.

6. The method for fabricating a conductive bump structure
of a circuit board of claim 1, wherein the adhesive layer is
an organic solderability preservative.

7. The method for fabricating a conductive bump structure
of a circuit board of claim 1, wherein the adhesive layer is
made of a material selected from the group consisting of
copper (Cu), tin (Sn), lead (Pb), silver (Ag), nickel (Ni), gold
(Au), platinum (Pt) and their alloys.

8. The method for fabricating a conductive bump structure
of'a circuit board of claim 1, wherein the metal layer is made
of a material selected from the group consisting of copper
(Cuw), tin (Sn), lead (Pb), silver (Ag), and their alloys.

9. The method for fabricating a conductive bump structure
of a circuit board of claim 1, wherein the thinning process
is one of etching or abrading.

10. The method for fabricating a conductive bump struc-
ture of a circuit board of claim 1, wherein the resist layer is
removed via one of chemical stripping and physical tearing.

11. A method for fabricating a conductive bump structure
of a circuit board, comprising the steps of:

providing the circuit board having at least a surface
formed with a plurality of electrical connection pads;

forming an insulating protective layer on the circuit board
in sequence, and forming a plurality of openings in the
insulating protective layer to expose the electrical con-
nection pads of the circuit board;

forming a resist layer on the insulating protective layer,
and forming a plurality of openings in the resist layer
at positions corresponding to the openings of the insu-
lating protective layer to expose the electrical connec-
tion pads;

forming a conductive layer on exposed surfaces of the
resist layer and openings;

forming a metal layer on the conductive layer via elec-
troplating, and filling the metal layer in the openings;

removing the resist layer, the conductive layer and metal
layer formed on the surface of the resist layer to form
metal bumps on the electrical connection pads of the
circuit board, wherein the metal bumps comprise the
metal layer and conductive layer; and

forming an adhesive layer over exposed surfaces of the
metal bumps.

12. The method for fabricating a conductive bump struc-

ture of a circuit board of claim 11, wherein the method for

fabricating the electrical connection pads comprises steps of:

forming a conductive layer on an insulating layer formed
on a surface of the circuit board;

forming a resist layer on the conductive layer, and form-
ing openings of the resist layer to expose a portion of
the conductive layer; and
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forming the electrical connection pads in the openings of
the resist layer via electroplating.

13. The method for fabricating a conductive bump struc-
ture of a circuit board of claim 12, further comprising the
step of removing the resist layer and the conductive layer
covered by the resist layer.

14. The method for fabricating a conductive bump struc-
ture of a circuit board of claim 11, wherein the process of
removing the resist layer and conductive layer covered by
the resist layer is to remove the metal layer and conductive
layer formed on the surface of the resist layer first via
thinning and retain the metal layer and conductive layer
filled in the openings.

15. The method for fabricating a conductive bump struc-
ture of a circuit board of claim 11, wherein the process of
removing the resist layer and conductive layer covered by
the resist layer is to remove the resist layer, the metal layer
and conductive layer formed on the surface of the resist layer
first via physical methods.

16. The method for fabricating a conductive bump struc-
ture of a circuit board of claim 11, wherein the adhesive
layer is made of a material selected from the group consist-
ing of copper (Cu), tin (Sn), lead (Pb), silver (Ag), nickel
(N1), gold (Au), platinum (Pt) and their alloys.

17. The method for fabricating a conductive bump struc-
ture of a circuit board of claim 11, wherein the adhesive
layer is an organic solderability preservative.

18. The method for fabricating a conductive bump struc-
ture of a circuit board of claim 11, wherein the metal layer
is made of a material selected from the group consisting of
copper (Cu), tin (Sn), lead (Pb), silver (Ag), and their alloys.

19. The method for fabricating a conductive bump struc-
ture of a circuit board of claim 11, wherein the openings of
the insulating protective layer and the resist layer are formed
by patterning process such as exposure and developing or by
laser.

20. A conductive bump structure of a circuit board,
wherein a surface of the circuit board is formed with an
electrical connection pad and covered by an insulating
protective layer, an opening is formed in the insulating
protective layer to expose the electrical connection pad
covered by the insulating protective layer and the conductive
bump structure is formed on the electrical connection pad of
the circuit board and protruded from the opening of the
insulating protective layer, the conductive bump structure
comprising:

a metal bump having a metal layer and a conductive layer
formed on the lateral and bottom sides of the metal
layer, wherein the metal bump is protruded from the
opening of the insulating layer; and

an adhesive layer covering the exposed surface of the

metal bump.

21. The conductive bump structure of a circuit board of
claim 20, wherein the adhesive layer is made of a material
selected from the group consisting of copper (Cu), tin (Sn),
lead (Pb), silver (Ag), nickel (Ni), gold (Au), platinum (Pt)
and their alloys.

22. The conductive bump structure of a circuit board of
claim 20, wherein the adhesive layer is an organic solder-
ability preservative.



