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(54) [Title of the Invention]

Circuit board with Embedded Electronic Components and Manufacturing Method Therefor
(57) [Abstract]

[Problem]

To obtain a circuit board with embedded electronic components that makes circuit design
easier without increasing the number of vias for connection to outside components.

[Solution]

The present invention is a circuit board with embedded electronic components 10 obtained
by mounting at least two IC chips 1 with a plurality of bumps 3 on active surfaces on an
electrical conductor layer L2 on which a wiring circuit has been formed, forming an
insulation layer I1 on the IC chips 1, and then forming an electrical conductor layer L1 on
the surface of the insulation layer 11, the circuit board with embedded electronic
components characterized in that one of the plurality of IC chips 1 is mounted on electrical
conductor layer L2 with the active surface facing electrical conductor layer L1 and connected
by bumps 3, and the other IC chip 1 is mounted on electrical conductor layer L2 facing the
active surface thereof, and connected by bumps 3.
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[Claims]
[Claim 1]

A circuit board with embedded electronic components obtained by mounting at least two
electronic components with active surfaces on which a plurality of external connection
electrodes have been arranged on a substrate surface on which a wiring circuit has been
formed, forming an insulation layer over the electronic components, and forming an
electrical conductor layer on the surface of the insulation layer, the circuit board with
embedded electronic components characterized in that one of the electronic components is
connected and mounted by external connection electrodes to the wiring circuit facing the
active surface, and the other electronic component is connected and mounted by external
connection electrodes to the electrical conductor layer facing the active surface.

[Claim 2]

The circuit board with embedded electronic components according to claim 1, wherein vias
are formed in the insulation layer to electrically connect the electrical conductor layer to the
wiring circuit.

[Claim 3]

The circuit board with embedded electronic components according to claim 1, wherein vias
for electrical connection between the electrical conductor layer and the wiring circuit and
vias for electrical connection between the electrical conductor layer and the external
connecting electrodes are formed in the insulation layer.

[Claim 4]

The circuit board with embedded electronic components according to claim 1, wherein the
electronic components are semiconductor integrated circuit chips.

[Claim 5]

A method for manufacturing a circuit board with embedded electronic components having a
structure in which at least two first and second electronic components with active surfaces
on which a plurality of external connection electrodes have been arranged are mounted on a
substrate surface covered with an electrical conductor layer on which a wiring circuit has
been formed, with the directions of their active surfaces facing in opposite directions, the
method comprising:

a first step of fixing the first electronic component by connecting the plurality of external
connection electrodes to a plurality of electrode pads, and fixing the second electronic
component without connecting the plurality of external connection electrodes, with the back
side of the active surface facing a portion of the first electrical conductor layer where the
plurality of electrode pads are not present, the circuit board with embedded electronic
components being a base substrate with a first electrical insulation layer and a first electrical
conductor layer in which a wiring circuit including a plurality of electrode pads has been
formed on the surface of the first electrical insulation layer;

a second step of coating the fixed first electronic component and second electronic
component with an insulating resin to a thickness slightly thicker than that of the first
electronic component and second electronic component, and curing the insulating resin to
form a second electrical insulating layer;



the third step of coating a second electrical conductor layer on the surface of the second
electrical insulation layer;

a third step of coating the back surface of the base substrate with an insulating resin to a
predetermined thickness and curing the insulating resin to form at least one third insulating
layer;

a fourth step of forming a third electrical conductor layer on the surface of the third
electrical insulation layer;

a fifth step of forming vias electrically connecting the plurality of electrode pads on the first
electrical conductor layer to which the plurality of electrode pads have been connected and
the second electrical conductor layer;

a sixth step of forming vias electrically connecting the first electrical insulation layer and the
third electrical conductor layer; and

a seventh step of connecting the second electrical conductor layer and the external
connecting electrodes of the second electronic component.

[Claim 6]

The method for manufacturing a circuit board with embedded electronic components
according to claim 1, wherein the second electrical insulating layer in the second step is
formed by coating and then curing an insulating resin such that the thickness of the second
electrical insulating layer is greater than the thickness of the fixed first electronic
component and equal to or slightly less than the thickness of the second electronic
component up to the plurality of external connection electrodes, and the second electrical
conductor layer is directly connected to the external connection electrodes of the second
electronic component.

[Detailed Description of the Invention]
[0001]
[Technical Field of the Invention]

The present invention relates to a circuit board with embedded electronic components and a
method for manufacturing the same, in which electronic components such as a
semiconductor integrated circuit chip with active surfaces on which a plurality of external
connection electrodes have been formed, for example, are mounted inside.

[0002]

[Prior Art]

First, the structure of a conventional circuit board will be described.
[0003]

As electronic devices become smaller and lighter, the demand for higher density circuit
boards and smaller mounted components is becoming more intense. In circuit boards,
wiring rules have been reduced to realize higher densities in the direction parallel to the
surface of the circuit board. In addition, by using the “build-up method” to stack wiring and
form vias between layers, it is now possible to realize high densities in the direction
perpendicular to the surface of the circuit board.

[0004]



In the early days of high-density mounting, semiconductor devices consisted of IC chips
encapsulated in a package and mounted on a motherboard. However, in recent years, IC
chips themselves have been mounted directly on motherboards or interposers. (Note that
semiconductor integrated circuit chips, bare chips, and semiconductor devices are referred
to below as “IC chips.”)

[0005]

Surface mount devices (SMDs) such as SOPs (Small Outline Packages) and QFPs (Quad Flat
Packages) with multiple pin leads on the periphery of the package were often used as
semiconductor packages in the past.

[0006]

In order to reduce the size of the mounting structures of these semiconductor packages,
bare IC chips are now used. As shown in FIG. 3, a structure has been used in which IC chips
1 are fixed with silver paste 110 to a mother board 100 with their active surfaces, on which
electrode pads 2 serving as connecting electrodes have been formed, facing upward, the
electrode pads 2 and pads 101 formed on the mother board 100 are connected with gold
wiring 102 using wire bonding equipment, and the entire structure is sealed and covered by
printing or dispensing a sealing resin 103.

[0007]

The many advantages to this surface-mounted structure include the fact that the
connections are made with gold wiring 102, making them less susceptible to the pitch
limitations of the electrode pads 2 of IC chips 1, the fact that this structure has a proven
track record without any reliability issues, and the fact that this structure is inexpensive.
However, one disadvantage is that the height of the gold wiring 102 after mounting is higher
than in other mounting structures because of the relative difficulty of forming gold wiring
102 with low loops. Another disadvantage is that the required mounting area is wider than
other mounting structures because the electrode pads 2 of the IC chips 1 have to be
connected to pads 101 on the mother board 100, which is formed outside of the IC chips 1.

[0008]

Therefore, in order to further reduce the size of the mounting structures of these
semiconductor packages, chip-size packages (CSP) have been developed in recent years, as
shown in FIG. 4, in which the IC chips 1 are flip-chip bonded with their active surfaces on
which bumps 3 have been formed on a plurality of electrode pads 2, facing down, toward
the surface of mother board 100 or an interposer, and the bumps 3 are directly mounted on
pads 101 of mother board 100 without using leads.

[0009]

In flip-chip bonding, the area on which IC chips can be mounted is located only on one side
of the board, and since mounting density is limited by board size, it is difficult to
dramatically improve mounting densities. Therefore, mounting structures have been
proposed that increase mounting densities by mounting IC chips inside multilayer boards,
thereby reducing the size of electronic devices.

[0010]



An example is shown in FIG. 5. The circuit board of the multilayer mounting structure shown
in FIG. 5 is one embodiment of the invention disclosed in JP H11-248024 A (“Printed Wiring
Board With Embedded Electronic Circuits and Manufacturing Method Therefor” filed by the
present applicant on September 1, 1999. This structure, shown in cross-sectional view, is a
circuit board 20 with eight electrical conductor layers (simply “conductor layers” below).

[0011]

In other words, this circuit board has eight conductor layers L1-L8 on which circuit patterns
have been formed, and each conductor layer is finished with an electric insulation layer I1-
17 formed by printing an electric insulation resin between the conductor layers (simply
“conductor layers” below) to create a rigid and unbending substrate structure. Each one of
insulating layers 12 to 17 is composed of glass cloth impregnated with a thermosetting resin
such as an epoxy resin, and insulation layer I1 is formed by mixing a large amount of filler
with a thermosetting resin such as an epoxy resin so that stress relaxation can occur during
curing. Conductor layer L1 is formed by laminating copper foil with a resin on conductor
layer L2 or by plating the same conductor layer.

[0012]

In the electrical structure, a plurality of electrode pads or lands (“pads” below) 21 and
wiring circuits are formed on conductor layer L2, for example, using the photoresist method
with a resist film R serving as a mask. These are formed by etching copper foil or by plating.
Then, the IC chip 1 are mechanically and electrically connected face-down to some of the
pads 21 via anisotropic conductive film (ACF), which is not shown in the figure, if necessary.

[0013]

The other pads 21 on conductor layer L2 are connected to conductor layer L1 by way of vias
H1. Similarly, conductor layer L2 is connected to conductor layer L3 by way of vias H2,
conductor layers L3, L4, L5 and L6 are connected by way of vias H3, conductor layer L6 is
connected to conductor layer L7 by way of vias H4, and conductor layer L7 is connected to
conductor layer L8 by way of vias H5.

[0014]

Thus, vias are provided to electrically connect the necessary conductor layers through their
respective insulation layers. The vias are formed using laser drilling, shot blasting, etc., and
conductivity is established between conductive layers by way of vias, primarily by copper
plating, but also by embedding or firing conductive pastes such as silver, copper-silver, or
solder by methods such as printing, etc.

[0015]

Each conductor layer L1-L8 has the required circuit pattern, and the required chip-shaped
electronic components are connected to these circuit patterns as necessary. These are
omitted here to keep the explanation simple.

[0016]

The multilayer mounting structure described above uses a circuit board 20 in which IC chips
1 are embedded inside while face-down. However, this can use a circuit board 30 in which
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IC chips 1 are flip-chip bonded while face-up, as shown in FIG. 6. Because the substrate 31
needs to be flat, a metal plate, ceramic plate, or silicon wafer can be used. At present, few
of these structures have been applied to actual products.

[0017]

In the example of a mounting structure shown in the figure, a plurality of IC chips 1 are
mounted face-up by flip chip bonded of the surface of a substrate 31 made of a material
described above on conductor layer L3 on which a wiring pattern as been formed by a
means used in semiconductor processing such as sputtering, an insulating resin is applied to
form insulating layer 12, conductor layer L2 on which a wiring pattern has been formed is
formed on the surface of insulating layer 12 in the same manner as described above, a
plurality of IC chips 1 are mounted face-up on the surface of conductor layer L2 by flip chip
bonding, an insulating resin is applied to form insulating layer I1, and then conductor layer
L1 on which a wiring pattern has been formed is formed on the surface of insulating layer
I1.

[0018]

Although this mounting structure has not been implemented in a practical application yet, a
potential future application is in memory modules, since identical IC chips are stacked in
multiple layers.

[0019]
[Problem to Be Solved by the Invention]

However, in the circuit boards with embedded IC chips proposed so far, it has to be decided
at the time of circuit design whether the IC chips are to be mounted and wired with their
active sides facing the substrate surface (that is, face-down) or face-up, as described above.
This means that when designing circuit boards, the connections between the IC chips to be
embedded in the board and outer layer components must be fully taken into account in
component placement. As a result, the number of vias for connecting the embedded IC
chips to the outer layer components increases, which also places significant restrictions on
the number of IC chips to be embedded and the design of wiring circuits.

[0020]

It is an object of the present invention to solve the problem described above by providing a
circuit board with embedded electronic components that makes circuit design easier without
increasing the number of vias for connection to outside components.

[0021]
[Means for Solving the Problem]

In order to realize the object described above, the present invention is a circuit board with
embedded electronic components obtained by mounting at least two electronic components
with active surfaces on which a plurality of external connection electrodes have been
arranged on a substrate surface on which a wiring circuit has been formed, forming an
insulation layer over the electronic components, and forming an electrical conductor layer
on the surface of the insulation layer, the circuit board with embedded electronic
components characterized in that one of the electronic components is connected and
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mounted by external connection electrodes to the wiring circuit facing the active surface,
and the other electronic component is connected and mounted by external connection
electrodes to the electrical conductor layer facing the active surface.

[0022]

Preferably, in the circuit board with embedded electronic components of the present
invention, vias are formed in the insulation layer to electrically connect the electrical
conductor layer to the wiring circuit.

[0023]

Preferably, in the circuit board with embedded electronic components of the present
invention, vias for electrical connection between the electrical conductor layer and the wiring
circuit and vias for electrical connection between the electrical conductor layer and the
external connecting electrodes are formed in the insulation layer.

[0024]

Preferably, in the circuit board with embedded electronic components of the present
invention, the electronic components are semiconductor integrated circuit chips.

[0025]

The present invention is also a method for manufacturing a circuit board with embedded
electronic components having a structure in which at least two first and second electronic
components with active surfaces on which a plurality of external connection electrodes have
been arranged are mounted on a substrate surface covered with an electrical conductor
layer on which a wiring circuit has been formed, with the directions of their active surfaces
facing in opposite directions, the method comprising: a first step of fixing the first electronic
component by connecting the plurality of external connection electrodes to a plurality of
electrode pads, and fixing the second electronic component without connecting the plurality
of external connection electrodes, with the back side of the active surface facing a portion of
the first electrical conductor layer where the plurality of electrode pads are not present, the
circuit board with embedded electronic components being a base substrate with a first
electrical insulation layer and a first electrical conductor layer in which a wiring circuit
including a plurality of electrode pads has been formed on the surface of the first electrical
insulation layer; a second step of coating the fixed first electronic component and second
electronic component with an insulating resin to a thickness slightly thicker than that of the
first electronic component and second electronic component, and curing the insulating resin
to form a second electrical insulating layer; the third step of coating a second electrical
conductor layer on the surface of the second electrical insulation layer; a third step of
coating the back surface of the base substrate with an insulating resin to a predetermined
thickness and curing the insulating resin to form at least one third insulating layer;

a fourth step of forming a third electrical conductor layer on the surface of the third
electrical insulation layer; a fifth step of forming vias electrically connecting the plurality of
electrode pads on the first electrical conductor layer to which the plurality of electrode pads
have been connected and the second electrical conductor layer; a sixth step of forming vias
electrically connecting the first electrical insulation layer and the third electrical conductor
layer; and a seventh step of connecting the second electrical conductor layer and the
external connecting electrodes of the second electronic component.

[0026]



Preferably, in the method for manufacturing a circuit board with embedded electronic
components of the present invention, the second electrical insulating layer in the second
step is formed by coating and then curing an insulating resin such that the thickness of the
second electrical insulating layer is greater than the thickness of the fixed first electronic
component and equal to or slightly less than the thickness of the second electronic
component up to the plurality of external connection electrodes, and the second electrical
conductor layer is directly connected to the external connection electrodes of the second
electronic component.

[0027]

By adopting a combination structure in which electronic components are mounted face-
down and face-up on a single wiring board as described above, and mounting electronic
components with many wires to the outer layer of the circuit board face-up, the large
number of wires can be handled with relative ease and there is no need to increase the
number of vias for connection to the outer layer components. As a result, the size of
electronic devices incorporating a circuit board of the present invention can be reduced.

[0028]

Also, the electronic components mounted face-up can include electronic components with
relatively high power consumption.

[0029]

In addition, heat dissipating from electronic components mounted face-up can be diffused
from their back surfaces to the inner layers via connecting materials, copper lands in
conductor layers, and vias.

[0030]

The method for manufacturing circuit boards with embedded electronic components in the
present invention can be used to easily manufacture circuit boards with embedded
electronic components in which high-density mounting is performed using a combination of
existing technologies currently used in a semiconductor device manufacturing process, such
as printing, deposition, etching, bonding, and mounting.

[0031]
[Embodiment of the Invention]

A circuit board with embedded electronic components in an embodiment of the present
invention will now be described with reference to the drawings.

[0032]

FIG. 1 is a cross-sectional side view of a circuit board with embedded electronic components
in an embodiment of the present invention, and FIG. 2 is a cross-sectional side view of the
circuit board with embedded electronic components used to explain the mounting structure
of the IC chip mounted face-up among the IC chips embedded in the circuit board with
embedded electronic components shown in FIG. 1.



[0033]

In FIG. 1, 10 denotes the entire circuit board with embedded electronic components of the
present invention (simply the “circuit board” below). In this circuit board 10, IC chips 1A
and 1B are embedded in a multilayer substrate with different orientations for their active
surfaces. IC chips 1A and 1B are bare chips with almost identical external structures, and
solder bumps or gold bumps 2 are formed on multiple electrode pads on their active
surfaces.

[0034]

IC chip 1A is mounted on pad 11 of the circuit pattern formed on the surface of conductor
layer L2 in the face-down state described above, and IC chip 1B is mounted in the face-up
state described above. In other words, IC chip 1A is mounted by flip-chip bonding by way of
bumps 2 to a pad 11, and IC chip 1B is mounted face-up with its bumps 2 facing upward,
and its back side fixed to a pad 11 via a connection material 12 such as silver paste or
anisotropic conductive film (ACF).

[0035]

This circuit board 10 has eight conductor layers, as in the case of the circuit board 200
shown in FIG. 5. In other words, it has eight conductor layers L1-L8 on which circuit
patterns have been formed, and each conductor layer is finished with an insulating layer 11-
17 formed by printing an insulating resin to create a rigid and unbending substrate
structure. Each one of insulating layers 12 to I7 is composed of glass cloth impregnated with
a thermosetting resin such as an epoxy resin, and insulation layer 11 is formed by mixing a
large amount of filler with a thermosetting resin such as an epoxy resin so that stress
relaxation can occur during curing. Conductor layer L1 is formed by laminating copper foil
with a resin on conductor layer L2 or by plating the same conductor layer.

[0036]

The electrical structure consists of a plurality of pads 11 and wiring circuits formed in the
conductor layer L2. These are formed by etching copper foil or plating. Then, IC chip 1A is
flip-chip bonded face-down so that bumps 2 are located on some pads 11, and IC chip 1B is
electrically and mechanically connected face-up to conductor layer L2 via a connecting
material 12.

[0037]
The other pads 11 on conductor layer L2 are connected to conductor layer L1 by way of vias

H1la, and the bumps 2 on IC chip 1B are connected to conductor layer L1 by way of vias
H1b.

[0038]

Similarly, conductor layer L2 is connected to conductor layer L3 by way of vias H2,
conductor layers L3, L4, L5, and L6 are connected by way of vias H3, conductor layer L6 is
connected to conductor layer L7 by way of vias H4, and conductor layer L7 is connected to
conductor layer L8 by way of vias H5.

[0039]
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Therefore, each electronic component mounted on each conductor layer is connected by
way of vias H2, H3, and H4, which become components of electronic circuits. External
electronic circuits can also be connected by way of vias Hla, H1b, and H5.

[0040]

The connecting material 12 both fixes IC chip 1B and dissipates heat. The connecting
material 12 is generally conductive and consists of a metallic filler mixed with a resin that is
cured by heat or ultraviolet light.

[0041]

The heat from IC chip 1B is dissipated from the back surface of IC chip 1B toward the inner
layers or conductor layer L8 by way of the connecting material 12, vias H2 between
conductor layers 12 and L3 and vias H3 formed in conductor layers L3 to L6.

[0042]

The method used to establish conductivity between conductor layers by way of vias is the
same as the one described above, so further description of this method has been omitted.
Each of the conductor layers L1-L8 has the required circuit pattern, and the required chip-
shaped electronic components are connected to these circuit patterns where necessary, so
further description of this process has also been omitted.

[0043]

Next, the steps of the manufacturing method for a circuit board 10 of the present invention
will be described in sequential order.

[0044]

1) First, a resist film R is formed on the surface of the insulating layer 12 and the conductor
layer L2 formed on its surface as a base substrate, and the photoresist method is used to
form the electrode pads used to fix the external connection electrodes of IC chip 1A, and
then silver paste, the connecting material 12 for fixing IC chip 1B, is applied by printing.
[0045]

2) Next, the center of IC chip 1B or an alignment mark on IC chip 1B is recognized using,
for example, image recognition, and IC chip 1B is bonded face-up to conductor layer L2 by
the connecting material 12.

[0046]

3) Next, the connecting material 12 is cured.

[0047]

4) Next, a bonding adhesive or anisotropic conductive film (ACF) is applied to
predetermined positions on the conductor layer L2.

[0048]
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5) Next, IC chip 1A is temporarily fixed by a bonding device, followed by final pressure
bonding.

[0049]

6) Next, an insulating resin is printed on both mounted IC chips 1A and 1B to a thickness
that is a little less than that of the IC chips 1A and 1B, and cured to form insulating layer I1.

[0050]

7) Next, conductor layer L1 is formed on the surface of insulation layer I1. Here, a
lamination method, such as laminating copper foil with resin or copper foil between
prepregs, or a plating method is used.

8) Next, the copper foil in the areas where vias Hla and H1b are to be opened in conductor
layer L1 is etched and removed.

[0051]

9) Next, vias Hla and H1b are formed in the areas where the copper foil has been removed
using a laser device. Here, a carbon dioxide gas laser or excimer laser is used as the laser,
and the output power and processing method are adjusted for different distances (depths)
and diameters to the bottom of the vias Hla and H1b using conductor layer L1 as the
reference plane.

10) Resin residue is removed from the laser processing area (approx. 1 pm).

11) Plating or conductive paste is used to fill the vias Hla and H1b to render them
conductive.

12) Next, a wiring circuit pattern is formed on the surface of conductor layer L1 with the
vias Hla and H1b opened.

[0052]

The method used to form the other insulation layers 13-17, conductor layers L3-L8, and vias
H2-H5 in the circuit board 10 is the same conventional technology used on the circuit board
200 shown in FIG. 5, so further description of this method has been omitted.

[0053]

FIG. 2 shows another mounting structure in which IC chip 1B is mounted face-up. In the
mounting structure of IC chip 1B, after insulation layer I1 of IC chip 1B shown in FIG. 1 has
been cured, the surface is planarized (polished) to the point where the bumps 2 on IC chip

1B mounted on conductor layer L2 have been exposed. Then, vias Hla are formed and
connected to the bumps 2 by plating.

[0054]

By adopting this mounting structure, the vias Hia and H1b shown in FIG. 1 do not have to
be formed by taking into consideration their depth and shape.

[0055]
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By adopting a combination structure in which IC chips are mounted face-down and face-up
on a single wiring board as described above, and mounting electronic components with
many wires to the outer layer of the circuit board face-up, the large number of wires can be
handled with relative ease and there is no need to increase the number of vias for
connection to the outer layer components. As a result, the size of electronic devices
incorporating a circuit board of the present invention can be reduced.

[0056]

Also, the IC chips mounted face-up can include IC chips with relatively high power
consumption. For example, a central processing unit (CPU) can be mounted.

[0057]

In addition, heat dissipating from IC chips mounted face-up can be diffused from their back
surfaces to the inner layers via connecting materials, copper lands in conductor layers, and
vias.

[0058]

[Effect of the Invention]

As explained above, a circuit board with embedded electronic components of the present
invention enables the mounting density of electronic components such as IC chips to be
further increased, making it possible to further reduce the size and thickness of electronic
devices in which this circuit board has been incorporated. As a result, a number of excellent
effects can be obtained.

[Brief Description of the Drawings]

[FIG. 1]

FIG. 1 is a cross-sectional side view of a circuit board with embedded electronic components
in an embodiment of the present invention.

[FIG. 2]

FIG. 2 is a cross-sectional side view of the circuit board with embedded electronic
components used to explain the mounting structure of the IC chip mounted face-up among
the IC chips embedded in the circuit board with embedded electronic components shown in
FIG. 1.

[FIG. 3]

FIG. 3 is a cross-sectional side view of a mounting structure for a conventional bare IC chip
on a motherboard.

[FIG. 4]
FIG. 4 is a cross-sectional side view of a mounting structure for a conventional bare IC chip

on a motherboard using flip-chip bonding.
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[FIG. 5]

FIG. 5 is a cross-sectional side view of a mounting structure for a conventional bare IC chip
mounted face-down on a motherboard.

[FIG. 6]

FIG. 6 is a cross-sectional side view of a mounting structure in which an IC chip is
embedded face-up using flip-chip bonding.

[Reference Numbers]

1: IC chip

2: Electrode pad

3: Bump

10: Circuit board with embedded electronic components in an embodiment of the present
invention

L1, L2, L3, L4, L5, L6, L7, L8: Electrical conductor layer

11,12, 13, 14, 15, 16, 17: Electrical insulation layers

H1a, H1b, H2, H3, H4, H5, H6, H7: Vias

R: Resist film
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[FIG. 1]
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[FIG. 3]
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[FIG. 6]
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