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(57) ABSTRACT

An electronic package and a substrate structure thereof are
provided, in which a circuit layer and a filling layer are
formed on a substrate body in the substrate structure, where
the circuit layer has a plurality of conductive traces sepa-
rated from each other, so that the filling layer is filled
between the plurality of conductive traces, and a portion of
a surface of the circuit layer and a surface of the filling layer
are covered with an insulating protective layer. Therefore,
the insulating protective layer is carried by the filling layer,
so that the insulating protective layer can be thin, thereby
preventing the phenomenon of copper migration from occur-
ring to the substrate structure in subsequent processes.
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ELECTRONIC PACKAGE AND SUBSTRATE
STRUCTURE THEREOF

BACKGROUND

1. Technical Field

[0001] The present disclosure relates to a semiconductor
packaging technology, and more particularly, to an elec-
tronic package and a substrate structure thereof.

2. Description of Related Art

[0002] As the dimensions of semiconductor products are
gradually reducing, the circuit pitches in semiconductor
packages are getting smaller according to requirements. For
this reason, circuits are designed using a bump on lead/bump
on trace (BOL/BOT) in the packaging substrate.

[0003] However, the pitch of the circuit designed using the
BOL/BOT is extremely small, so a solder-mask layer acting
as an electrical barrier cannot be formed between each
circuit. Therefore, an opening that can expose multiple
BOL/BOT circuits at the same time is usually formed on the
entire solder-mask layer by an opening process.

[0004] As shown in FIG. 1A, in a conventional packaging
substrate 1 using the BOL/BOT, a circuit layer 13 is formed
on an outer surface 10a of a substrate body 10. The circuit
layer 13 has a plurality of conductive traces 130 and a
plurality of electrical contact pads 131 integrated with the
plurality of conductive traces 130, and a solder-mask layer
11 is formed on the substrate body 10, wherein the solder-
mask layer 11 has an opening 110 corresponding to all the
electrical contact pads 131, so that the upper and side
surfaces of the plurality of electrical contact pads 131 are
completely exposed from the opening 110.

[0005] In the conventional packaging substrate 1, the
opening process is carried out by exposure and develop-
ment. In order to enhance the structural strength and to
prevent the circuit layer 13 from being exposed to the risk
of short circuit, a thickness h of the solder-mask layer 11 is
designed to be much greater than a thickness t of the circuit
layer 13 (e.g., a margin/difference e shown in FIG. 1C).
Thus, in order to ensure the precision of the target area of an
exposed surface 13a (copper material) of the circuit layer 13
(as shown in FIG. 1C), light energy F in the exposure and
development operation will take the exposed surface 13a of
the circuit layer 13 as the reference, that is, the light energy
F will only act on the exposed surface 134 of the circuit layer
13, thereby the light energy F will not easily act on the
bottom of the solder-mask layer 11 (i.e., the outer surface
10a of the substrate body 10). After the development opera-
tion, the bottom of the wall of the opening 110 of the
solder-mask layer 11 is easily to be corroded by the devel-
opment solution due to insufficient light, thereby forming an
undercut structure V (as shown in FIG. 1B).

[0006] However, based on the requirements for fine circuit
pitches, the pitches between the conductive traces 130 are
getting smaller, and because of the undercut structure V, the
packaging colloid cannot be filled into the undercut structure
V in the subsequent packaging stage since the thickness h of
the solder-mask layer 11 is designed to be much greater than
the thickness of the circuit layer 13, so that the copper
material of the conductive traces 130 may undergo copper
migration phenomenon due to electron movement, and an
irregular conductor 9 will be formed at the undercut struc-

Oct. 3, 2024

ture V, such that the conductor 9 may connect two adjacent
ones of the conductive traces 130 and cause an electrical
short circuit.

[0007] Besides, although increasing the light energy F can
reduce the probability of forming the undercut structure V at
the bottom of the solder-mask layer 11, if the light energy F
is too large, the solder-mask material on the circuit layer 13
will be overexposed, so the solder-mask material on the
circuit layer 13 will be hard to remove after the development
operation, resulting in too small area of the exposed surface
13a of the circuit layer 13, such that the circuit layer 13
cannot be effectively connected to other electronic compo-
nents in the subsequent packaging process, and the problem
of poor electrical transmission may even occur.

[0008] Therefore, how to overcome the problems of the
above-mentioned prior art has become an urgent problem to
be solved at present.

SUMMARY

[0009] In view of the aforementioned shortcomings of the
prior art, the present disclosure provides a substrate struc-
ture, which comprises: a substrate body having a packaging
surface: a circuit layer formed on the packaging surface,
wherein the circuit layer comprises a plurality of conductive
traces and a plurality of electrical contact pads bonded to the
plurality of conductive traces, and the plurality of conduc-
tive traces are separated from each other; a filling layer
formed on the packaging surface and disposed between the
plurality of conductive traces, wherein the circuit layer is
free from being covered by the filling layer: and an insulat-
ing protective layer formed on a surface of the filling layer
and a portion of a surface of the circuit layer, wherein the
insulating protective layer has at least one opening exposing
the plurality of electrical contact pads.

[0010] In the aforementioned substrate structure, the fill-
ing layer is adjacent to the plurality of conductive traces.
[0011] In the aforementioned substrate structure, the fill-
ing layer has a thickness less than or equal to a thickness of
the circuit layer.

[0012] In the aforementioned substrate structure, a portion
of the packaging surface of the substrate body, portions of
line sections of the plurality of conductive traces, and the
plurality of electrical contact pads are exposed from the
opening.

[0013] In the aforementioned substrate structure, a wall of
the opening of the insulating protective layer and a top of the
filling layer form a step-shaped structure.

[0014] In the aforementioned substrate structure, a mate-
rial of the filling layer and a material of the insulating
protective layer are the same.

[0015] In the aforementioned substrate structure, a mate-
rial of the filling layer and a material of the insulating
protective layer are different.

[0016] The present disclosure also provides an electronic
package, which comprises: the aforementioned substrate
structure; and an electronic component disposed on the
packaging surface and electrically connected to the circuit
layer.

[0017] In the aforementioned electronic package, the pres-
ent disclosure further comprises a plurality of conductive
components formed on the plurality of electrical contact
pads in the opening, wherein the substrate structure is
connected to the electronic component via the plurality of
conductive components.
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[0018] In the aforementioned electronic package, the pres-
ent disclosure further comprises an encapsulation layer
covering the electronic component.

[0019] It can be seen from the above that in the electronic
package and the substrate structure

[0020] thereof of the present disclosure, the design of the
filling layer allows the insulating protective layer to be thin,
so an undercut structure will not be formed at the bottom of
the insulating protective layer. Therefore, compared with the
prior art, the phenomenon of copper migration can be
effectively prevented from occurring to the substrate struc-
ture of the present disclosure, so there is no short circuit
between the adjacent conductive traces, thereby improving
the reliability of the substrate structure of the present dis-
closure.

BRIEF DESCRIPTION OF THE DRAWINGS

[0021] FIG. 1A is a schematic partial top plan view
showing a conventional packaging substrate.

[0022] FIG. 1B is a cross-sectional view of a section line
B-B in FIG. 1A.

[0023] FIG. 1C is a cross-sectional view of a section line
C-C in FIG. 1A.

[0024] FIG. 2A is a schematic perspective view showing
a substrate structure of the present disclosure.

[0025] FIG. 2B is a schematic partial top plan view
showing the substrate structure of the present disclosure.
[0026] FIG. 2C is a partial cross-sectional view showing
the substrate structure of the present disclosure.

[0027] FIG. 3 is a schematic cross-sectional view showing
an electronic package of the present disclosure.

DETAILED DESCRIPTION

[0028] The following describes the implementation of the
present disclosure with examples. Those skilled in the art
can easily understand other advantages and effects of the
present disclosure from the contents disclosed in this speci-
fication.

[0029] It should be understood that, the structures, ratios,
sizes, and the like in the accompanying figures are used for
illustrative purposes to facilitate the perusal and compre-
hension of the contents disclosed in the present specification
by one skilled in the art, rather than to limit the conditions
for practicing the present disclosure. Any modification of the
structures, alteration of the ratio relationships, or adjustment
of' the sizes without affecting the possible effects and achiev-
able proposes should still be deemed as falling within the
scope defined by the technical contents disclosed in the
present specification. Meanwhile, terms such as “on,” “first,
” “second,” “a,” “one,” and the like are merely used for clear
explanation rather than limiting the practicable scope of the
present disclosure, and thus, alterations or adjustments of the
relative relationships thereof without essentially altering the
technical contents should still be considered in the practi-
cable scope of the present disclosure.

[0030] FIG. 2A is a schematic perspective view showing
a substrate structure 2 of the present disclosure. As shown in
FIG. 2A, the substrate structure 2 comprises a substrate body
20, a circuit layer 23, a filling layer 22, and an insulating
protective layer 21.

[0031] An outer surface of the substrate body 20 is defined
as a packaging surface 20a for the packaging operation of an
electronic component 30 (as shown in FIG. 3).
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[0032] Inanembodiment, the substrate body 20 is a circuit
structure with a core layer or a coreless circuit structure,
such as a packaging substrate, and the substrate body 20
comprises a dielectric layer and a routing layer (e.g., a
wiring layer) formed on the dielectric layer. For instance, the
routing layer is formed in the form of a redistribution layer
(RDL), and the material for forming the dielectric layer is a
dielectric material such as polybenzoxazole (PBO), polyim-
ide (PI), prepreg (PP), and the like. It should be understood
that the substrate body 20 can also be other carrying units for
carrying/connecting the electronic component 30, such as a
wafer, a chip, a silicon interposer, silicon material, glass, and
other semiconductor materials, but not limited to as such.

[0033] The circuit layer 23 is formed on the packaging
surface 20a of the substrate body 20, and the circuit layer 23
is electrically connected to the routing layer of the substrate
body 20.

[0034] In an embodiment, as shown in FIG. 2B, the circuit
layer 23 comprises a plurality of conductive traces 230 and
a plurality of electrical contact pads 231 integrated with the
plurality of conductive traces 230, and the conductive traces
230 are separated from each other without short-circuiting.
The electrical contact pads 231 are bonded to conductive
components 24 (as shown in FIG. 3) such as solder material,
such that the substrate structure 2 is connected to the
electronic component 30 such as a chip, a packaging sub-
strate, or a packaging module via the conductive compo-
nents 24.

[0035] The filling layer 22 is formed on the packaging
surface 20a of the substrate body 20 and is located between
the conductive traces 230 without covering the circuit layer
23, wherein a portion of the packaging surface 20a is
exposed from the filling layer 22 (the filling layer 22 merely
covers a portion of the packaging surface 20a).

[0036] In an embodiment, the filling layer 22 is a photo-
sensitive solder-mask layer made of such as green paint and
is adjacent to each of the conductive traces 230.

[0037] Moreover, as shown in FIG. 2C, a thickness H1 of
the filling layer 22 is less than or equal to a thickness H2 of
the circuit layer 23, so that the circuit layer 23 protrudes
from or is flush with the filling layer 22.

[0038] The insulating protective layer 21 is formed on a
portion of a surface of the filling layer 22 and a portion of
a surface of the circuit layer 23, and the insulating protective
layer 21 has at least one opening 210, as shown in FIG. 2B,
such that a portion of the packaging surface 20a of the
substrate body 20, portions of line sections 230a of the
plurality of conductive traces 230, and the plurality of
electrical contact pads 231 are exposed from the opening
210, so the insulating protective layer 21 merely covers a
portion of the circuit layer 23.

[0039] In an embodiment, the insulating protective layer
21 is a photosensitive solder-mask layer made of such as
green paint, and the wall of the opening 210 of the insulating
protective layer 21 and the top of the filling layer 22 form a
step-shaped structure T (e.g., the step-shaped structure T is
formed between the wall of the opening 210 of the insulating
protective layer 21 and the top of the filling layer 22). For
instance, the opening 210 is formed by exposure and devel-
opment. It should be understood that there are various
materials of the photosensitive solder-mask layer, thus the
material of the filling layer 22 and the material of the
insulating protective layer 21 can be the same or different.
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[0040] In the subsequent application, as shown in FIG. 3,
the plurality of conductive components 24 are formed on the
plurality of electrical contact pads 231 in the opening 210,
such that the substrate structure 2 is connected to the
electronic component 30 via the plurality of conductive
components 24, and the electronic component 30 is covered
by an encapsulation layer 31, thereby forming an electronic
package 3.

[0041] The electronic component 30 is an active element,
a passive element, or a combination of the active element
and the passive element, wherein the active element is such
as a semiconductor chip, and the passive element is such as
a resistor, a capacitor, or an inductor.

[0042] In an embodiment, the electronic component 30 is
a semiconductor chip and has an active surface 30a and an
inactive surface 306 opposing the active surface 30q, and a
plurality of electrode pads 300 are formed on the active
surface 30qa, so that the electronic component 30 is electri-
cally connected to the circuit layer 23 with the electrode
pads 300 thereof in a flip-chip manner (via the plurality of
conductive components 24), and then the plurality of con-
ductive components 24 are covered by an underfill (not
shown) or the encapsulation layer 31. However, the way in
which the electronic component 30 is electrically connected
to the circuit layer 23 is not limited to the above.

[0043] The encapsulation layer 31 is made of an insulating
material, such as polyimide (PI), dry film, epoxy resin,
epoxy colloid, or molding compound, and the encapsulation
layer 31 can be formed on the packaging surface 20a of the
substrate structure 2 by lamination or molding. In an
embodiment, the filling layer 22 can be firstly formed
between the conductive traces 230 (the circuit layer 23 is not
covered by the filling layer 22), and then the filling layer 22
is patterned to expose the portion of the circuit layer 23 to
be exposed, and the encapsulation layer 31 is formed after-
ward.

[0044] Therefore, in the substrate structure of the present
disclosure, the filling layer 22 is filled in the gap of the
circuit layer 23 and carries the insulating protective layer 21,
so that a thickness R of the insulating protective layer 21 can
be thin. Hence, compared to the prior art, during the expo-
sure and development operation, the light energy F (as
shown in FIG. 2C) will take the packaging surface 20a of the
substrate body 20 as the reference, so that the light energy
F will directly act on the packaging surface 20a of the
substrate body 20, such that the bottom of the insulating
protective layer 21 having the thin thickness R can suffi-
ciently absorb the light energy F. Therefore, an undercut
structure will not be formed at the bottom of the wall of the
opening 210 after the development operation since the
bottom of the opening 210 is sufficiently illuminated, such
that the phenomenon of copper migration can be avoided
and the reliability can be improved.

[0045] Furthermore, when the filling layer 22 is a photo-
sensitive solder-mask layer, even if an undercut structure V
(as shown in FIG. 2C) might be formed at the bottom of the
filling layer 22, due to that the thickness H1 of the filling
layer 22 is less than or equal to the thickness H2 of the
circuit layer 23, the underfill or the encapsulation layer can
be filled into the undercut structure V in the subsequent
packaging stage, so as to avoid the phenomenon of copper
migration, thereby the substrate structure 2 has good reli-
ability and short circuit can also be prevented from occur-
ring between two adjacent ones of the conductive traces 230.
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[0046] Moreover, since the thickness R of the insulating
protective layer 21 is extremely thin, the light energy F is not
required to be set too large. Therefore, compared to the prior
art, even if the light energy F is set to a strength that an
undercut structure will not be formed at the bottom of the
insulating protective layer 21, the material of the insulating
protective layer 21 at the opening 210 will not be overex-
posed, thereby ensuring that the required metal areas (i.e.,
portions of the line sections 230a of the plurality of con-
ductive traces 230 and the electrical contact pads 231) of the
circuit layer 23 are effectively exposed.

[0047] Additionally, the substrate structure 2 can be manu-
factured by using existing materials, equipment and manu-
facturing process, thus there is no need to use special
manufacturing process or new manufacturing process and
materials, so there is no need to purchase new equipment.
Therefore, the manufacturing method of the present disclo-
sure can effectively reduce the manufacturing cost to facili-
tate mass production.

[0048] To sum up, in the electronic package and the
substrate structure thereof of the present disclosure, the
design of the filling layer allows the insulating protective
layer to be thin. Therefore, the phenomenon of copper
migration can be effectively prevented from occurring to the
substrate structure of the present disclosure, so there is no
short circuit between the adjacent conductive traces, thereby
improving the reliability of the electronic package and the
substrate structure thereof of the present disclosure.

[0049] The above embodiments are provided for illustrat-
ing the principles of the present disclosure and its technical
effect, and should not be construed as to limit the present
disclosure in any way. The above embodiments can be
modified by one of ordinary skill in the art without departing
from the spirit and scope of the present disclosure. There-
fore, the scope claimed of the present disclosure should be
defined by the following claims.

What is claimed is:

1. A substrate structure, comprising:

a substrate body having a packaging surface:

a circuit layer formed on the packaging surface, wherein
the circuit layer comprises a plurality of conductive
traces and a plurality of electrical contact pads bonded
to the plurality of conductive traces, and the plurality of
conductive traces are separated from each other:

a filling layer formed on the packaging surface and
disposed between the plurality of conductive traces,
wherein the circuit layer is free from being covered by
the filling layer; and

an insulating protective layer formed on a surface of the
filling layer and a portion of a surface of the circuit
layer, wherein the insulating protective layer has at
least one opening exposing the plurality of electrical
contact pads.

2. The substrate structure of claim 1, wherein the filling

layer is adjacent to the plurality of conductive traces.

3. The substrate structure of claim 1, wherein the filling
layer has a thickness less than or equal to a thickness of the
circuit layer.

4. The substrate structure of claim 1, wherein a portion of
the packaging surface of the substrate body, portions of line
sections of the plurality of conductive traces, and the plu-
rality of electrical contact pads are exposed from the open-
ing.
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5. The substrate structure of claim 1, wherein a wall of the
opening of the insulating protective layer and a top of the
filling layer form a step-shaped structure.

6. The substrate structure of claim 1, wherein a material
of'the filling layer and a material of the insulating protective
layer are the same.

7. The substrate structure of claim 1, wherein a material
of'the filling layer and a material of the insulating protective
layer are different.

8. An electronic package, comprising:

the substrate structure of any one of claims 1 to 7; and

an electronic component disposed on the packaging sur-

face and electrically connected to the circuit layer.

9. The electronic package of claim 8, further comprising
aplurality of conductive components formed on the plurality
of electrical contact pads in the opening, wherein the sub-
strate structure is connected to the electronic component via
the plurality of conductive components.

10. The electronic package of claim 8, further comprising
an encapsulation layer covering the electronic component.

#* #* #* #* #*
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