METHOD OF PACKAGING SEMICONDUCTOR DEVICE

FIELD OF THE INVENTION

[0001] The present invention relates to a packaging method, and more
particularly to a method of packaging at least one electronic component.
BACKGROUND OF THE INVENTION

[0002] Recently, the general trend in designing electronic devices is
toward small size, light weight and easy portability. Moreover, with
increasing development of electronic industries, the internal circuitries of
the electronic devices are gradually modularized. In other words, plural
electronic components are integrated into a single circuit module. For
example, a power module is one of the widely-used circuit modules. An
example of the power module includes a DC-to-DC converter, a DC-to-AC
converter, an AC-to-DC converter, or the like. After the electronic
components (e.g. capacitors, resistors, inductors, transformers, diodes and
transistors) are integrated as a power module, the power module may be
installed on a motherboard or a system circuit board.

[0003] Nowadays, an embedded package structure is widely adopted
because of many advantages such as smaller footprint, lower profile, higher
power density, better thermal management, lower electrical noise and
large-scale packaging solution.

[0004] For example, a conventional embedded package structure was
disclosed in US Patent No. 8461689. For precisely embedding an
electronic component within a substrate, a metallic frame is formed on a
surface of the substrate. The metallic frame is arranged around the
periphery of an opening that is configured for embedding the electronic
component. Consequently, the shape of the opening by laser ablation is

controlled through the metallic frame. Since it is necessary to additionally
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form the metallic frame on the substrate, the conventional embedded
package structure is not cost-effective.

[0005] Moreover, while the electronic component is disposed within
the opening of the substrate of the conventional embedded package
structure, the electronic component will be attached to the substrate using
conductive or non-conductive paste, which is not cost efficient.

[0006] Therefore, there is a need of providing an improved packaging
process in order to eliminate the above drawbacks.

SUMMARY OF THE INVENTION

[0007] An objective of the present invention is to provide a packaging
method for reducing the fabrication cost of the package structure.

[0008] An aspect of the present invention provides a method of
packaging a semiconductor device. Firstly, a first insulation layer
comprising stacked prepreg layers is provided, and then a metallic
protective layer is formed on a first surface of the first insulation layer.
Subsequently, a first alignment mark is formed on the first insulation layer,
and then an accommodation cavity is formed in the first insulation layer
according to the first alignment mark. Afterward, a second alignment
mark is formed on a second surface of the first insulation layer according to
the first alignment mark. Next, a carrier plate is attached on the first
surface of the first insulation layer through a thermal release tape layer, and
the semiconductor device is temporarily fixed on the thermal release tape
layer within the accommodation cavity according to the second alignment
mark. Then, a semi-cured second insulation layer is placed over the
second surface of the first insulation layer, and the second insulation layer
is laminated and cured. ~After the carrier plate and the thermal release tape

layer are removed, a re-distribution layer is formed on the second



insulation layer, and the re-distribution layer is electrically connected with
the semiconductor device.

[0009] The above contents of the present invention will become more
readily apparent to those ordinarily skilled in the art after reviewing the
following detailed description and accompanying drawings, in which:
BRIEF DESCRIPTION OF THE DRAWINGS

[0010] FIGS. 1A to IN are schematic cross-sectional views
illustrating a method of packaging an electronic component according to an
embodiment of the present invention; and

[0011] FIG. 2 is a top view illustrating a semi-finished package
structure of plural electronic components after the step of FIG. 1G is
completed.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT
[0012] The present invention will now be described more specifically
with reference to the following embodiments. It is to be noted that the
following descriptions of preferred embodiments of this invention are
presented herein for purpose of illustration and description only. It is not
intended to be exhaustive or to be limited to the precise form disclosed.
[0013] The present invention provides a method of packaging one or
more electronic components.

[0014] FIGS. 1A to 1IN are schematic cross-sectional views
illustrating a method of packaging an electronic component according to an
embodiment of the present invention. FIG. 2 is a top view illustrating a
semi-finished package structure of plural electronic components after the
step of FIG. 1G is completed. The packaging process comprises the
following steps.

[0015] Please refer to FIG. 1A. Firstly, a first insulation layer 1

comprising plural stacked prepreg layers 10 is provided, and the first
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insulation layer 1 is formed by laminating and curing the plural prepreg
layers 10. As shown in FIG. 1A, the first insulation layer 1 is a stack
structure with two prepreg layers 10. Moreover, each prepreg layer 10 is
made of glass cloth reinforced epoxy, or any other appropriate insulation
material with low coefficient of thermal expansion (CTE) and good thermal
conductivity.

[0016] Then, as shown in FIG. 1B, a metallic protective layer 2 is
formed on a first surface 11 of the first insulation layer 1 by a sputtering
process. In an embodiment, the thickness of the metallic protective layer
2 is smaller than lum. Preferably but not exclusively, the metallic
protective layer 2 is made of copper.

[0017] Next, please refer to FIG. 1C and also FIG 2. A first
alignment mark 3 is formed on the first insulation layer 1, and the first
alignment mark 3 comprises plural fiducial holes. In an embodiment, a
laser drilling process is performed on the second surface 12 of the first
insulation layer 1 to form four fiducial holes which run through the first
insulation layer 1 and the metallic protective layer 2. Moreover, the four
fiducial holes of the first alignment mark 3 are used as laser-drilling
alignment marks and collaboratively defined as a coordinate system.
Since the four fiducial holes of the first alignment mark 3 are used as the
alignment marks to provide initial alignment of the laser device, the laser
device can locate the positions to be drilled according to the coordinate
system defined by the four fiducial holes of the first alignment mark 3. In
an embodiment, the first insulation layer 1 has a rectangular shape (see FIG.
2). Moreover, the four fiducial holes of the first alignment mark 3 are
located adjacent to the four corners of the first insulation layer 1. It is
noted that the positions of the four fiducial holes of the first alignment

mark 3 may be varied according to the shape of the first insulation layer 1.
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In another embodiment, the first alignment mark 3 is formed through a
mechanical drilling process and comprises openings with designed shapes
or sizes, such as line-shaped or cross-shaped.

[0018] Next, please refer to FIG. 1D. The second surface 12 of the
first insulation layer 1 is laser drilled or mechanical drilled to form an
accommodation cavity 5 according to the coordinate system defined by the
first alignment mark 3. The accommodation cavity 5 run through the first
insulation layer 1 and the metallic protective layer 2. The accommodation
cavity 5 is used for accommodating an electronic component 4 (see FIG
1G). The size of the accommodation cavity 5 is larger than the size of the
electronic component 4.

[0019] Then, as shown in FIGS. 1E and 1F, in one embodiment, a
desmearing process is first performed to remove the contaminant retained
in the accommodation cavity 5 after laser or mechanical drilling process.
By the desmearing process, the second surface 12 of the first insulation
layer 1 also becomes rough. Since the metallic protective layer 2 is
formed on the first surface 11 of the first insulation layer 1, the first surface
11 of the first insulation layer 1 is not roughened. After the desmearing
process is completed, the metallic protective layer 2 is removed.

[0020] Next, the second surface 12 of the first insulation layer 1 is
laser drilled or mechanical drilled to form at least one second alignment
mark 6 according to the coordinate system. The second alignment mark 6
is arranged around the accommodation cavity 5 (see also FIG. 2) so as to
improve the alignment precision in a followed die bond process. In this
embodiment, the second alignment mark 6 is an indentation that is drilled
from the second surface 12 of the first insulation layer 1 and in a direction
toward the first surface 11 of the first insulation layer 1. It is noted that

the number of the second alignment mark 6 may be varied according to the
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number of the electronic components 4. In an embodiment, one electronic
component 4 corresponds to two second alignment marks 6. Preferably
but not exclusively, the two second alignment marks 6 are arranged along a
diagonal of the periphery of the accommodation cavity 5. In another
embodiment, the second alignment marks 6 are formed before the
desmearing process.

[0021] Next, please refer to FIG. 1G. A carrier plate 8 is attached on
the first surface 11 of the first insulation layer 1 through a thermal release
tape layer 7. Moreover, the electronic component 4 is accommodated
within the accommodation cavity 5 according to the second alignment
mark 6. A first side of the electronic component 4 is contacted with the
thermal release tape layer 7. Since the first surface of the electronic
component 4 is adhered on the thermal release tape layer 7, the electronic
component 4 is temporarily fixed on the thermal release tape layer 7.

[0022] In an embodiment, the electronic component 4 comprises at
least one conducting terminal 40. The at least one conducting terminal 40
is located at a second side of the electronic component 4. The electronic
component 4 comprises a semiconductor device being an active component
or a passive component, such as a power switch. An example of the
electronic component 4 includes but is not limited to an integrated chip
(IC), an integrated power component, a metal-oxide-semiconductor
field-effect transistor (MOSFET), a high electron mobility transistor
(HEMT), an insulated-gate bipolar transistor (IGBT), a diode, a capacitor, a
resistor, an inductor or a fuse. The number of the conducting terminals 40
of the electronic component 4 is determined according to the type and
structure of the electronic component 4.

[0023] Then, as shown in FIG. 1H, at least one first tape 9 is attached

on the second surface 12 of the first insulation layer 1 to cover a first side
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of the first alignment mark 3. Then, a second insulation layer 13 that is
semi-cured is disposed over the second surface 12 of the first insulation
layer 1 to cover the first tape 9 and the first insulation layer 1.
Preferably but not exclusively, the second insulation layer 13 is a stack
structure with plural prepreg layers.

[0024] Next, please refer to FIG. 1I. After the second insulation
layer 13 is laminated and cured, the carrier plate 8 and the thermal release
tape layer 7 are removed. While the second insulation layer 13 is
laminated, a portion of the second insulation layer 13 is filled in the
remaining space of the accommodation cavity 5 and the second alignment
mark 6. Consequently, the electronic component 4 is securely fixed by the
second insulation layer 13.  Since the first tape 9 is disposed on the second
surface 12 of the first insulation layer 1 to cover the first alignment mark 3,
the portion of the second insulation layer 13 is stopped from entering the
first alignment mark 3 by the first tape 9. Optionally, after the second
insulation layer 13 is laminated and cured, the first tape 9 is removed.
[0025] Moreover, after the carrier plate 8 and the thermal release tape
layer 7 are removed, at least one second tape 14 is attached on the first
surface 11 of the first insulation layer 1 to cover a second side of the first
alignment mark 3. Then, a semi-cured third insulation layer 15 is
disposed on the first surface 11 of the first insulation layer 1. After the
third insulation layer 15 is laminated and cured, the second tape 14 is
removed. The function of the second tape 14 is similar to that of the first
tape 9, and is not redundantly described herein. It is noted that numerous
modifications and alterations may be made as long as the second insulation
layer lamination is retained. In some embodiments, the steps of removing
the first tape 9 and the second tape 14 are performed after the second

insulation layer 13 and the third insulation layer 15 are cured.
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[0026] After the above steps, a semi-finished package structure A as
shown in FIG. 1J is produced. In some embodiments, the step of attaching
the second tape 14 on the first surface 11 of the first insulation layer 1 and
the step of forming the semi-cured third insulation layer 15 on the first
surface 11 of the first insulation layer 1 are omitted. In the following
embodiment, the semi-finished package structure A comprising the second
tape 14 and the third insulation layer 15 will be illustrated.

[0027] Afterwards, a re-distribution process is performed to form a
re-distribution layer on the first insulation layer 1 or the second insulation
layer 13, and the re-distribution layer is electrically connected with the
electronic component 4. The re-distribution process will be described
with reference to FIGS. 1K, 1L, IM and IN.

[0028] Please refer to FIG. 1K. The second insulation layer 13 is
laser drilled or mechanical drilled to form at least one via 16 corresponding
to the at least one conducting terminal 40 of the electronic component 4.
Moreover, at least one through-hole 31 is formed in the semi-finished
package structure A and at the position near the electronic component 4.
Preferably but not exclusively, the through-hole 31 is formed by a laser
drilling process; for example, the through-hole 31 may also be formed by a
mechanical drilling process. The through-hole 31 can be drilled from
either side of the semi-finished package structure A depending on the
layout design. In the following embodiment, the through-hole 31 is
drilled from the surface of third insulation layer 15 and run through the first
insulation layer 1 and the second insulation layer 13. Another set of cross
alignment marks 20 (as shown in FIG. 2) is provided for mask alignment in
the subsequent processes which involve photolithography processes to

form patterns.



[0029] Next, please refer to FIG. 1L. A plating process is performed
to form a metal layer 17 on a part of the second insulation layer 13, a part
of the third insulation layer 15 and the inner surface of the through-hole 31
and fill the metal layer 17 in the via 16. Since the via 16 is aligned with
the conducting terminal 40 of the electronic component 4, the metal layer
17 is contacted with the conducting terminal 40 of the electronic
component 4.

[0030] Then, as shown in FIG 1M, a fourth insulation layer 18 is
partially formed on two opposite surfaces of the semi-finished package
structure A, wherein a part of the metal layer 17 is exposed. That is, the
fourth insulation layer 18 is formed on a part of the metal layer 17, a part of
the second insulation layer 13 and a part of the third insulation layer 15,
and filled in the through-hole 31. In an embodiment, the fourth insulation
layer 18 is made of photosensitive resin.

[0031] Then, as shown in FIG. 1N, at least one conductive pattern 19
is plated on a part of the metal layer 17 that is contacted with the
conducting terminal 40 of the electronic component 4. Meanwhile, the
package structure B of the electronic component is produced.

[0032] The packaging method of the present invention is also suitable
to package plural electronic components 4. A semi-finished package
structure of plural electronic components after the step of FIG. 1G is shown
in FIG 2. In this embodiment, the numbers of the accommodation
cavities 5, the second alignment marks 6 and the vias 16 are determined
according to the number of the electronic components 4.

[0033] From the above descriptions, the present invention provides a
method of packaging at least one electronic component. Firstly, the first
insulation layer is laser drilled to form the first alignment mark. The first

alignment mark is used as a laser-drilling alignment mark and
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collaboratively defined as a coordinate system. Then, the first insulation
layer is laser drilled to form at least one second alignment mark according
to the coordinate system. According to the second alignment mark, the
electronic component is precisely placed within the accommodation cavity.
For positioning the electronic component of the conventional embedded
package structure, it is necessary to form a metallic frame on the surface of
the substrate to control the shape of the laser-ablated opening. Since the
metallic frame is omitted according to the packaging method of the present
invention, the fabrication cost is reduced. In addition, the packaging
method of the present invention does not need the paste to attach the
electronic component to the substrate, which also reduces the fabrication
cost. Moreover, after the semi-cured first insulation layer is laminated and
cured, the electronic component is placed within the accommodation cavity
of the first insulation layer. Since the first insulation layer has been cured
when the electronic component is placed within the accommodation cavity
of the first insulation layer, the subsequent laminating action will not result
in obvious deformation of the first insulation layer.  Under this
circumstance, the electronic component is not shifted. In other words, the
performance of the package structure produced by the packaging method of
the present invention is enhanced.

[0034] While the invention has been described in terms of what is
presently considered to be the most practical and preferred embodiments, it
is to be understood that the invention needs not be limited to the disclosed
embodiment.  On the contrary, it is intended to cover various
modifications and similar arrangements included within the spirit and scope
of the appended claims which are to be accorded with the broadest
interpretation so as to encompass all such modifications and similar

structures.
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WHAT IS CLAIMED IS:
1. A method of packaging a semiconductor device, comprising:
providing a first insulation layer comprising stacked prepreg layers;
forming a metallic protective layer on a first surface of the first
insulation layer;
forming a first alignment mark on the first insulation layer;
forming an accommodation cavity in the first insulation layer according
to the first alignment mark;
forming a second alignment mark on a second surface of the first
insulation layer;
attaching a carrier plate on the first surface of the first insulation layer
through a thermal release tape layer;
temporarily fixing the semiconductor device on the thermal release tape
layer within the accommodation cavity according to the second alignment
mark;
placing a semi-cured second insulation layer over the second surface of
the first insulation layer, and laminating and curing the second insulation
layer;
removing the carrier plate and the thermal release tape layer; and
forming a re-distribution layer on the second insulation layer, the
re-distribution layer being electrically connected with the semiconductor
device.
2. The method according to claim 1, wherein the first insulation layer is
formed by laminating and curing the stacked prepreg layers.
3. The method according to claim 1, wherein a thickness of the metallic
protective layer is smaller than 1pm.
4. The method according to claim 1, wherein the metallic protective layer

is made of copper.
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5. The method according to claim 1, wherein the metallic protective layer
is formed by a sputtering process.

6. The method according to claim 1, wherein the first alignment mark
comprises plural fiducial holes.

7. The method according to claim 6, wherein the plural fiducial holes are
four fiducial holes which are respectively located adjacent to the four
corners of the first insulation layer.

8. The method according to claim 6, wherein the plural fiducial holes run
through the first insulation layer and the metallic protective layer.

9. The method according to claim 1, wherein the accommodation cavity
runs through the first insulation layer and the metallic protective layer.

10. The method according to claim 1, wherein the second alignment mark
is arranged around the accommodation cavity.

11. The method according to claim 1, wherein the first alignment mark,
the accommodation cavity and the second alignment mark are formed by
laser drilling or mechanical drilling.

12. The method according to claim 1, wherein after the step of forming
the accommodation cavity, the method further comprises steps of:

performing a desmearing process to remove contaminant retained in the
accommodation cavity and roughen the second surface of the first
insulation layer; and

removing the metallic protective layer.

13. The method according to claim 1, wherein before the step of placing
the second insulation layer over the second surface of the first insulation
layer, the method further comprises a step of attaching at least one first tape
on the second surface of the first insulation layer to cover a first side of the
first alignment mark.

14. The method according to claim 13, wherein after the step of removing
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the carrier plate and the thermal release tape layer, the method further
comprises steps of:

attaching at least one second tape on the first surface of the first
insulation layer to cover a second side of the first alignment mark;

placing a semi-cured third insulation layer on the first surface of the
first insulation layer to cover the second tape;

laminating and curing the third insulation layer; and

removing the first tape and the second tape, so that a semi-finished
package structure is produced.

15. The method according to claim 14, wherein the step of forming the

re-distribution layer comprises steps of:

forming at least one via corresponding to at least one conducting
terminal of the electronic component in the second insulation layer by a
laser drilling or mechanical drilling process, and forming at least one
through-hole in the semi-finished package structure and near the
semiconductor device by a laser drilling or mechanical drilling process,
wherein the through-hole runs through the second insulation layer, the first
insulation layer and the third insulation layer;

forming a metal layer on a part of the second insulation layer, a part of
the third insulation layer and an inner surface of the through-hole, and
filling the metal layer in the via;

forming a fourth insulation layer on two opposite surfaces of the
semi-finished package structure, and exposing a part of the metal layer; and

forming at least one conductive pattern on a part of the metal layer, and
allowing the at least one conductive pattern to be electrically connected
with the corresponding conducting terminal of the semiconductor device.

16. The method according to claim 1, wherein the semiconductor device

comprises a power switch.
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