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(54) [Title of the Invention]

Wiring substrate, Semiconductor Device, Electronic Devices Using These, and Manufacturing
Methods For These

(57) [Abstract]

[Problem]

To prevent cracking of semiconductor chip or semiconductor devices due to thermal stress.
[Solution]

Provided is a semiconductor device provided with a wiring substrate comprising one or more
layers of wiring patterns formed of conductive material on an insulating base material,
semiconductor chips having electrode pads electrically connected to the wiring patterns, and
an external output terminal electrically connected to the wiring patterns, wherein tower
bumps are provided on the wiring patterns where semiconductor chips are to be mounted
on the insulating base material to buffer the thermal stress generated between the
insulating base material and the semiconductor chip, and the semiconductor chips and the
wiring patterns are connected electrically via the tower bumps.
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[Claims]
[Claim 1]

A wiring substrate on which one or more layers of wiring patterns formed with a conductive
material have been arranged on an insulating substrate and on which a semiconductor chip
has been mounted, the wiring substrate characterized in that electrical connections of the
semiconductor devices and the wiring pattern and tower bumps that buffer the thermal
stress generated between the insulating substrate and the semiconductor chip have been
provided on the wiring patterns where the semiconductor chip is mounted on the insulating
substrate.

[Claim 2]

The wiring substrate according to claim 1, wherein the wiring substrate has ball- or bump-
type external output terminals to be electrically connected to the wiring pattern.

[Claim 3]

A wiring substrate for an electronic device on which one or more layers of wiring patterns
formed with a conductive material have been arranged on an insulating substrate and on
which a plurality of semiconductor devices have been mounted, the wiring substrate
characterized in that electrical connections of the semiconductor devices and the wiring
pattern and tower bumps that buffer the thermal stress generated between the insulating
substrate and the semiconductor devices have been provided on the wiring patterns where
the semiconductor devices are mounted on the insulating substrate.

[Claim 4]

The wiring substrate according to any one of claims 1 to 3, wherein the tower bumps
comprise metal bumps that buffer the thermal stress generated between the insulating
substrate and the semiconductor chip or semiconductor devices, and a plating layer for
bonding that establishes electrical connections with the semiconductor chip or
semiconductor devices provided on the metal bumps.

[Claim 5]

The wiring substrate according to claim 4, wherein the metal bumps are conductive
materials that do not undergo a phase transformation at the connection temperature during
mounting of the semiconductor chip or semiconductor devices.

[Claim 6]

A semiconductor device comprising a wiring substrate on which one or more layers of wiring
patterns formed with a conductive material have been arranged on an insulating substrate,
a semiconductor chip having electrode pads electrically connected to the wiring patterns,
and external output terminals electrically connected to the wiring patterns, the
semiconductor device characterized in that tower bumps that buffer the thermal stress
generated between the insulating substrate and the semiconductor chip have been provided
on the wiring patterns where the semiconductor chip is mounted on the insulating substrate,
and the semiconductor chip is electrically connected to the wiring patterns via the tower
bumps.



[Claim 7]

The semiconductor device according to claim 6, wherein the tower bumps on the wiring
substrate comprise metal bumps that buffer the thermal stress generated between the
insulating substrate and the semiconductor chip, and a plating layer for bonding that
establishes an electrical connection with the semiconductor chip provided on the metal
bumps.

[Claim 8]

The semiconductor device according to claim 7, wherein the metal bumps are conductive
materials that do not undergo a phase transformation at the connection temperature during
mounting of the semiconductor chips.

[Claim 9]

The semiconductor device according to any one of claims 7 and 8, wherein gold bumps are
provided on the plurality of electrode pads, a tin plating layer for bonding is provided on the
tower bumps, and the electrical connections are composed of gold-tin junctions utilizing the
melting point (217°C) at the first eutectic point due to the gold and tin.

[Claim 10]

A wafer process package (WPP) type semiconductor device obtained by forming a plurality
of semiconductor chips consisting of electrode pads and circuit elements on a wafer, forming
external output terminals for connection with other electronic devices on each electrode
pad, and separating each semiconductor chip from the wafer, the WPP type semiconductor
device characterized in that the external output terminals are tower bumps that buffer
thermal stress generated between other electronic devices and the wafer.

[Claim 11]

A WPP type semiconductor device obtained by forming a plurality of semiconductor chips
consisting of electrode pads and circuit elements on a wafer, forming external output
terminals for connection with other electronic devices on each electrode pad, and separating
each semiconductor chip from the wafer, the WPP type semiconductor device characterized
in that the device has a rewiring pattern drawn from the electrode pads and an insulating
material that insulates the rewiring pattern, other electrode pads, and circuit elements, and
tower bumps are provided on the rewiring pattern to buffer thermal stress that occurs
between other electronic devices and the wafer.

[Claim 12]

An electronic device having a semiconductor device module comprising a semiconductor
device mounted on a wiring substrate according to any one of claims 3 to 5.

[Claim 13]

An electronic device having a semiconductor device module comprising a semiconductor
device according to any one of claims 6 to 11 mounted on a wiring substrate.

[Claim 14]



A method for manufacturing a wiring substrate in which a wiring pattern formed by a
conductive material has been arranged on an insulating substrate and on which a
semiconductor chip, semiconductor devices, or electronic devices are mounted, the method
for manufacturing a wiring substrate comprising: preparing the insulating substrate;
forming holes for setting external output terminals and package outline holes in the
insulating substrate; applying conductive material foil to the processed insulating substrate;
applying a resist of a predetermined thickness to conductive material foil; forming holes
with a carbon dioxide gas laser or other means in the portions to be connected to the
semiconductor chips, semiconductor devices, or electronic devices to expose the conductive
material foil; forming metal bumps (tower bumps) by metal plating on the conductive
material foil; removing the resist; and etching the conductive material foil to form a wiring
pattern.

[Claim 15]

A method for manufacturing a wiring substrate in which a wiring pattern formed by a
conductive material has been arranged on an insulating substrate and on which a
semiconductor chip, semiconductor devices, or electronic devices are mounted, the method
for manufacturing a wiring substrate comprising: preparing the insulating substrate;
forming holes for setting external output terminals and package outline holes in the
insulating substrate; applying conductive material foil to the processed insulating substrate;
etching the conductive material foil to form a wiring pattern; applying a resist of a
predetermined thickness to the insulating substrate and wiring pattern; forming holes with a
carbon dioxide gas laser or other means in the portions to be connected to the
semiconductor chips, semiconductor devices, or electronic devices to expose the conductive
material foil; forming metal bumps (tower bumps) by metal plating on the conductive
material foil; and removing the resist.

[Claim 16]

The method for manufacturing a wiring substrate according to any one of claims 14 and 15,
wherein before removing the resist, a bonding layer is formed by metal plating on the metal
bumps for connection to the semiconductor chips, semiconductor devices, or electronic
devices.

[Claim 17]

A method for manufacturing a semiconductor device having a wiring substrate on which a
wiring pattern formed of conductive material has been arranged on an insulating substrate
and on which a semiconductor chip has been mounted, the method for manufacturing a
semiconductor device comprising: preparing the insulating substrate; forming holes for
setting external output terminals and package outline holes in the insulating substrate;
applying conductive material foil to the processed insulating substrate; applying a resist of a
predetermined thickness to conductive material foil; forming holes with a carbon dioxide gas
laser or other means in the portions to be connected to the semiconductor chip to expose
the conductive material foil; forming metal bumps (tower bumps) by metal plating on the
conductive material foil; removing the resist; etching the conductive material foil to form a
wiring pattern; after aligning the electrode pads of the semiconductor chip with the metal
bumps (tower bumps), subjecting the semiconductor chip to heat and pressure; diffusion-
reacting the electrode pads and the metal bumps to form junctions; and forming external
output terminals electrically connected to the wiring pattern.

[Claim 18]



A method for manufacturing a semiconductor device having a wiring substrate on which a
wiring pattern formed of conductive material has been arranged on an insulating substrate
and on which a semiconductor chip has been mounted, the method for manufacturing a
semiconductor device comprising: preparing the insulating substrate; forming holes for
setting external output terminals and package outline holes in the insulating substrate;
applying conductive material foil to the processed insulating substrate; etching the
conductive material foil to form a wiring pattern; applying a resist of a predetermined
thickness to the insulating substrate and wiring pattern; forming holes with a carbon dioxide
gas laser or other means in the portions to be connected to the semiconductor chip to
expose the conductive material foil; forming metal bumps (tower bumps) by metal plating
on the conductive material foil; removing the resist; after aligning the electrode pads of the
semiconductor chip with the metal bumps, subjecting the semiconductor chip to heat and
pressure; diffusion-reacting the electrode pads and metal bumps (tower bumps) to form
junctions; and forming external output terminals electrically connected to the wiring
pattern.

[Claim 19]

The method for manufacturing a semiconductor device according to any one of claims 17
and 18, wherein forming gold or tin plating on the connecting portions of the electrode pads
and metal bumps (tower bumps) formed on the main surface of the semiconductor chip;
adhering the tin or gold of the connecting portions of the electrode pads and the gold or tin
of the connecting portions of the metal bumps to each other; heating to a temperature at or
above the first eutectic point of gold-tin and below a temperature adversely affecting the
insulating substrate; and forming gold-tin junctions by diffusion reaction using the melting
point at the first eutectic point.

[Claim 20]

A method for manufacturing a wafer process package (WPP) type semiconductor device
obtained by forming a plurality of semiconductor chips consisting of electrode pads and
circuit elements on a wafer, forming external output terminals for connection with other
electronic devices on each electrode pad, and separating each semiconductor chip from the
wafer, the method for manufacturing a WPP type semiconductor device comprising: forming
circuit elements and electrode pads on the wafer; applying a passivation film to the circuit
elements; applying a resist to the formed electrode pads; forming holes through the resist
at the points where external output terminals are to be formed to expose the electrode
pads; forming metal bumps on the exposed electrode pads by metal plating; removing the
resist; and dicing the wafer.

[Claim 21]

A method for manufacturing a wafer process package (WPP) type semiconductor device
obtained by forming a plurality of semiconductor chips consisting of electrode pads and
circuit elements on a wafer, forming external output terminals for connection with other
electronic devices on each electrode pad, and separating each semiconductor chip from the
wafer, the method for manufacturing a WPP type semiconductor device comprising: forming
circuit elements and electrode pads on the wafer; placing an insulating substrate over these
circuit elements and electrode pads; forming holes in the insulating substrate to expose the
electrode pads; applying copper plating from above the insulating substrate to form
through-hole electrodes; applying a resist to the formed through-hole electrodes;



forming holes in the resist at the point where the external output terminals are to be formed
to expose the through-hole electrodes; forming metal bumps on the exposed through-hole
electrodes by metal plating; removing the resist; and dicing the wafer.

[Claim 22]

A method for manufacturing an electronic device having a wiring substrate in which a wiring
pattern formed of conductive material has been arranged on an insulating substrate and on
which a semiconductor chip or semiconductor devices have been mounted, the method for
manufacturing an electronic device comprising: preparing the insulating substrate; forming
holes for setting external output terminals and package outline holes in the insulating
substrate; applying conductive material foil to the processed insulating substrate; applying a
resist of a predetermined thickness to conductive material foil; forming holes with a carbon
dioxide gas laser or other means in the portions to be connected to the semiconductor chip,
semiconductor devices, or electronic devices to expose the conductive material foil; forming
metal bumps (tower bumps) by metal plating on the conductive material foil; removing the
resist; etching the conductive material foil to form a wiring pattern; after aligning the
connecting portions of the semiconductor chip or semiconductor devices with the metal
bumps (tower bumps), subjecting the semiconductor chip or semiconductor devices to heat
and pressure; and diffusion-reacting the connecting portions of the semiconductor chip or
semiconductor devices and the metal bumps to form junctions.

[Claim 23]

A method for manufacturing an electronic device having a wiring substrate in which a wiring
pattern formed of conductive material has been arranged on an insulating substrate and on
which a semiconductor chip or semiconductor devices have been mounted, the method for
manufacturing an electronic device comprising: preparing the insulating substrate; forming
holes for setting external output terminals and package outline holes in the insulating
substrate; applying conductive material foil to the processed insulating substrate; etching
the conductive material foil to form a wiring pattern; applying a resist of a predetermined
thickness to the insulating substrate and wiring pattern; forming holes with a carbon dioxide
gas laser or other means in the portions to be connected to the semiconductor chip to
expose the conductive material foil; forming metal bumps (tower bumps) by metal plating
on the conductive material foil; removing the resist; after aligning the connecting portions
of the semiconductor chip or semiconductor devices with the metal bumps (tower bumps),
subjecting the semiconductor chip or semiconductor devices to heat and pressure; and
diffusion-reacting the connecting portions of the semiconductor chip or semiconductor
devices and the metal bumps (tower bumps) to form junctions.

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

The present invention relates to wiring substrates and semiconductor devices, electronic
devices using these, and methods for manufacturing these. The present invention relates
more specifically to techniques that can be effectively applied to semiconductor devices,
wiring substrates for electronic devices, CSP-type semiconductor devices with
semiconductor chips mounted on TCP-type wiring substrates, WPP-type semiconductor
devices manufactured using wafer process, electronic devices using these, and
manufacturing methods for these.



[0002]
[Prior Art]

A conventional tape carrier package (TCP) type semiconductor device ("TCP” below), in
which semiconductor chips have been mounted on a wiring substrate using tape as a
substrate, is shown in FIG. 19. FIG. 19 is used to describe a TCP. FIG. 19(a) is a perspective
view and FIG. 19(b) is a cross-sectional view from line A-A in FIG. 19(a).

[0003]

As shown in FIG. 19, a TCP 10 has a structure in which a wiring tape (wiring substrate) 20
with a wiring pattern including inner leads 3 is formed on a substrate, semiconductor chips

1 are connected face-down on the wiring tape 20 by bonding the inner leads 3 and electrode
pads 2, and the chips are resin sealed using an underfill material 80.

[0004]

The wiring tape 20 consists of a base film made, for example, of a polyimide resin, a wiring
pattern including inner leads 3 formed on the base film, and solder bumps 30 that are
electrically connected to the wiring pattern to serve as external output terminals. The TCP
10 is mounted on the motherboard of an electronic device via the solder bumps 30.

[0005]

Here, bumps in the form of protrusions are formed on the main surface of the
semiconductor chip 1 on electrode pads 2 to make connection to the inner lead 3 easier and
improve the reliability of the connection.

[0006]

The bumps on the electrode pad 2 described above are usually formed by gold
electroplating to a thickness of about 20 pm, and electroless tin plating is applied to the
inner leads 3 to a thickness of 0.2 to 0.3 pm. The tips of the inner leads 3 are connected to
the gold bumps on the electrode pads 2 using a high-temperature tool, typically at 500°C.
This is to utilize the melting point of the eutectic composition of 90 wt% gold (with the
balance being tin) at 278°C in the two-element equilibrium state diagram for gold and tin.
At a tool temperature of 500°C, a reaction layer with an eutectic composition of 90 wt%
gold (with the balance being tin) grows thick at the bonding interface and bonding takes
place.

[0007]

[Problem to Be Solved by the Invention]

The conventional semiconductor devices described above experience the following problem.
[0008]

Generally, because the coefficient of thermal expansion of the semiconductor chip 1 is 3

PPM/°C, and the coefficient of thermal expansion of the polyimide resin that is the base film
of the flexible wiring substrate 20 is 20 PPM/°C, the gold bumps on the electrode pads 2
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interposed between them become a concentration point for thermal stress in the
temperature cycle test. For this reason, the periphery is hardened with underfill material 80,
and the thermal stress is distributed toward the semiconductor chips 1 and the wiring tape
20 so that thermal stress is not concentrated on the gold bumps on the electrode pads 2.

[0009]

However, because the semiconductor chips 1 are connected face-down, use of an underfill
material 80 can cause excessive thermal stress on the semiconductor chips 1, resulting in
cracks on the device formation surface of the semiconductor chips 1.

[0010]

It is an object of the present invention to solve this problem by providing a technique
capable of preventing cracking of semiconductor chips due to thermal stress.

[0011]
[Means for Solving the Problem]

The following is a brief overview of representative aspects of the invention disclosed in the
present application.

[0012]

(1) A wiring substrate on which one or more layers of wiring patterns formed with a
conductive material have been arranged on an insulating substrate and on which a
semiconductor chip has been mounted, the wiring substrate characterized in that electrical
connections of the semiconductor devices and the wiring pattern and tower bumps that
buffer the thermal stress generated between the insulating substrate and the semiconductor
chip have been provided on the wiring patterns where the semiconductor chip is mounted
on the insulating substrate.

[0013]

(2) The wiring substrate according to (1), wherein the wiring substrate has ball- or bump-
type external output terminals to be electrically connected to the wiring pattern.

[0014]

(3) A wiring substrate for an electronic device on which one or more layers of wiring
patterns formed with a conductive material have been arranged on an insulating substrate
and on which a plurality of semiconductor devices have been mounted, the wiring substrate
characterized in that electrical connections of the semiconductor devices and the wiring
pattern and tower bumps that buffer the thermal stress generated between the insulating
substrate and the semiconductor devices have been provided on the wiring patterns where
the semiconductor devices are mounted on the insulating substrate.

[0015]
(4) The wiring substrate according to any one of (1) to (3), wherein the tower bumps

comprise metal bumps that buffer the thermal stress generated between the insulating
substrate and the semiconductor chip or semiconductor devices, and a plating layer for
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bonding that establishes electrical connections with the semiconductor chip or
semiconductor devices provided on the metal bumps.

[0016]

(5) The wiring substrate according to (4), wherein the metal bumps are conductive
materials that do not undergo a phase transformation at the connection temperature during
mounting of the semiconductor chip or semiconductor devices.

[0017]

(6) A semiconductor device comprising a wiring substrate on which one or more layers of
wiring patterns formed with a conductive material have been arranged on an insulating
substrate, a semiconductor chip having electrode pads electrically connected to the wiring
patterns, and external output terminals electrically connected to the wiring patterns, the
semiconductor device characterized in that tower bumps that buffer the thermal stress
generated between the insulating substrate and the semiconductor chip have been provided
on the wiring patterns where the semiconductor chip is mounted on the insulating substrate,
and the semiconductor chip is electrically connected to the wiring patterns via the tower
bumps.

[0018]

(7) The semiconductor device according to (6), wherein the tower bumps on the wiring
substrate comprise metal bumps that buffer the thermal stress generated between the
insulating substrate and the semiconductor chip, and a plating layer for bonding that
establishes an electrical connection with the semiconductor chip provided on the metal
bumps.

[0019]

(8) The semiconductor device according to (7), wherein the metal bumps are conductive
materials that do not undergo a phase transformation at the connection temperature during
mounting of the semiconductor chips.

[0020]

(9) The semiconductor device according to any one of (7) and (8), wherein gold bumps are
provided on the plurality of electrode pads, a tin plating layer for bonding is provided on the
tower bumps, and the electrical connections are composed of gold-tin junctions utilizing the
melting point (217°C) at the first eutectic point due to the gold and tin.

[0021]

(10) A wafer process package (WPP) type semiconductor device obtained by forming a
plurality of semiconductor chips consisting of electrode pads and circuit elements on a wafer,
forming external output terminals for connection with other electronic devices on each
electrode pad, and separating each semiconductor chip from the wafer, the WPP type
semiconductor device characterized in that the external output terminals are tower bumps
that buffer thermal stress generated between other electronic devices and the wafer.

[0022]
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(11) A WPP type semiconductor device obtained by forming a plurality of semiconductor
chips consisting of electrode pads and circuit elements on a wafer, forming external output
terminals for connection with other electronic devices on each electrode pad, and separating
each semiconductor chip from the wafer, the WPP type semiconductor device characterized
in that the device has a rewiring pattern drawn from the electrode pads and an insulating
material that insulates the rewiring pattern, other electrode pads, and circuit elements, and
tower bumps are provided on the rewiring pattern to buffer thermal stress that occurs
between other electronic devices and the wafer.

[0023]

(12) An electronic device having a semiconductor device module comprising a
semiconductor device mounted on a wiring substrate according to any one of (3) to (5).

[0024]

(13) An electronic device having a semiconductor device module comprising a
semiconductor device according to any one of (6) to (11) mounted on a wiring substrate.

[0025]

(14) A method for manufacturing a wiring substrate in which a wiring pattern formed by a
conductive material has been arranged on an insulating substrate and on which a
semiconductor chip, semiconductor devices, or electronic devices are mounted, the method
for manufacturing a wiring substrate comprising: preparing the insulating substrate;
forming holes for setting external output terminals and package outline holes in the
insulating substrate; applying conductive material foil to the processed insulating substrate;
applying a resist of a predetermined thickness to conductive material foil; forming holes
with a carbon dioxide gas laser or other means in the portions to be connected to the
semiconductor chip, semiconductor devices, or electronic devices to expose the conductive
material foil; forming metal bumps (tower bumps) by metal plating on the conductive
material foil; removing the resist; and etching the conductive material foil to form a wiring
pattern.

[0026]

(15) A method for manufacturing a wiring substrate in which a wiring pattern formed by a
conductive material has been arranged on an insulating substrate and on which a
semiconductor chip, semiconductor devices, or electronic devices are mounted, the method
for manufacturing a wiring substrate comprising: preparing the insulating substrate;
forming holes for setting external output terminals and package outline holes in the
insulating substrate; applying conductive material foil to the processed insulating substrate;
etching the conductive material foil to form a wiring pattern; applying a resist of a
predetermined thickness to the insulating substrate and wiring pattern; forming holes with a
carbon dioxide gas laser or other means in the portions to be connected to the
semiconductor chip, semiconductor devices, or electronic devices to expose the conductive
material foil; forming metal bumps (tower bumps) by metal plating on the conductive
material foil; and removing the resist.

[0027]

(16) The method for manufacturing a wiring substrate according to any one of claims 14
and 15, wherein before removing the resist, a bonding layer is formed by metal plating on
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the metal bumps for connection to the semiconductor chips, semiconductor devices, or
electronic devices.

[0028]

(17) A method for manufacturing a semiconductor device having a wiring substrate on
which a wiring pattern formed of conductive material has been arranged on an insulating
substrate and on which a semiconductor chip has been mounted, the method for
manufacturing a semiconductor device comprising: preparing the insulating substrate;
forming holes for setting external output terminals and package outline holes in the
insulating substrate; applying conductive material foil to the processed insulating substrate;
applying a resist of a predetermined thickness to conductive material foil; forming holes
with a carbon dioxide gas laser or other means in the portions to be connected to the
semiconductor chip to expose the conductive material foil; forming metal bumps (tower
bumps) by metal plating on the conductive material foil; removing the resist; etching the
conductive material foil to form a wiring pattern; after aligning the electrode pads of the
semiconductor chip with the metal bumps (tower bumps), subjecting the semiconductor
chip to heat and pressure; diffusion-reacting the electrode pads and the metal bumps to
form junctions; and forming external output terminals electrically connected to the wiring
pattern.

[0029]

(18) A method for manufacturing a semiconductor device having a wiring substrate on
which a wiring pattern formed of conductive material has been arranged on an insulating
substrate and on which a semiconductor chip has been mounted, the method for
manufacturing a semiconductor device comprising: preparing the insulating substrate;
forming holes for setting external output terminals and package outline holes in the
insulating substrate; applying conductive material foil to the processed insulating substrate;
etching the conductive material foil to form a wiring pattern; applying a resist of a
predetermined thickness to the insulating substrate and wiring pattern; forming holes with a
carbon dioxide gas laser or other means in the portions to be connected to the
semiconductor chip to expose the conductive material foil; forming metal bumps (tower
bumps) by metal plating on the conductive material foil; removing the resist; after aligning
the electrode pads of the semiconductor chip with the metal bumps, subjecting the
semiconductor chip to heat and pressure; diffusion-reacting the electrode pads and metal
bumps (tower bumps) to form junctions; and forming external output terminals electrically
connected to the wiring pattern.

[0030]

(19) The method for manufacturing a semiconductor device according to any one of (17)
and (18), wherein forming gold or tin plating on the connecting portions of the electrode
pads and metal bumps (tower bumps) formed on the main surface of the semiconductor
chip; adhering the tin or gold of the connecting portions of the electrode pads and the gold
or tin of the connecting portions of the metal bumps to each other; heating to a
temperature at or above the first eutectic point of gold-tin and below a temperature
adversely affecting the insulating substrate; and forming gold-tin junctions by diffusion
reaction using the melting point at the first eutectic point.

[0031]
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(20) A method for manufacturing a wafer process package (WPP) type semiconductor device
obtained by forming a plurality of semiconductor chips consisting of electrode pads and
circuit elements on a wafer, forming external output terminals for connection with other
electronic devices on each electrode pad, and separating each semiconductor chip from the
wafer, the method for manufacturing a WPP type semiconductor device comprising: forming
circuit elements and electrode pads on the wafer; applying a passivation film to the circuit
elements; applying a resist to the formed electrode pads; forming holes through the resist
at the points where external output terminals are to be formed to expose the electrode
pads; forming metal bumps on the exposed electrode pads by metal plating; removing the
resist; and dicing the wafer.

[0032]

(21) A method for manufacturing a wafer process package (WPP) type semiconductor device
obtained by forming a plurality of semiconductor chips consisting of electrode pads and
circuit elements on a wafer, forming external output terminals for connection with other
electronic devices on each electrode pad, and separating each semiconductor chip from the
wafer, the method for manufacturing a WPP type semiconductor device comprising: forming
circuit elements and electrode pads on the wafer; placing an insulating substrate over these
circuit elements and electrode pads; forming holes in the insulating substrate to expose the
electrode pads; applying copper plating from above the insulating substrate to form
through-hole electrodes; applying a resist to the formed through-hole electrodes;

forming holes in the resist at the point where the external output terminals are to be formed
to expose the through-hole electrodes; forming metal bumps 41 on the exposed through-
hole electrodes by metal plating; removing the resist; and dicing the wafer.

[0033]

(22) A method for manufacturing an electronic device having a wiring substrate in which a
wiring pattern formed of conductive material has been arranged on an insulating substrate
and on which a semiconductor chip or semiconductor devices have been mounted, the
method for manufacturing an electronic device comprising: preparing the insulating
substrate; forming holes for setting external output terminals and package outline holes in
the insulating substrate; applying conductive material foil to the processed insulating
substrate; applying a resist of a predetermined thickness to conductive material foil;
forming holes with a carbon dioxide gas laser or other means in the portions to be
connected to the semiconductor chip, semiconductor devices, or electronic devices to
expose the conductive material foil; forming metal bumps (tower bumps) by metal plating
on the conductive material foil; removing the resist; etching the conductive material foil to
form a wiring pattern; after aligning the connecting portions of the semiconductor chip or
semiconductor devices with the metal bumps (tower bumps), subjecting the semiconductor
chip or semiconductor devices to heat and pressure; and diffusion-reacting the connecting
portions of the semiconductor chip or semiconductor devices and the metal bumps to form
junctions.

[0034]

(23) A method for manufacturing an electronic device having a wiring substrate in which a
wiring pattern formed of conductive material has been arranged on an insulating substrate
and on which a semiconductor chip or semiconductor devices have been mounted, the
method for manufacturing an electronic device comprising: preparing the insulating
substrate; forming holes for setting external output terminals and package outline holes in
the insulating substrate; applying conductive material foil to the processed insulating
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substrate; etching the conductive material foil to form a wiring pattern; applying a resist of
a predetermined thickness to the insulating substrate and wiring pattern; forming holes with
a carbon dioxide gas laser or other means in the portions to be connected to the
semiconductor chip to expose the conductive material foil; forming metal bumps (tower
bumps) by metal plating on the conductive material foil; removing the resist; after aligning
the connecting portions of the semiconductor chip or semiconductor devices with the metal
bumps (tower bumps), subjecting the semiconductor chip or semiconductor devices to heat
and pressure; and diffusion-reacting the connecting portions of the semiconductor chip or
semiconductor devices and the metal bumps (tower bumps) to form junctions.

[0035]
[Embodiments of the Invention]

The following is a detailed description of an embodiment of the present invention with
reference to the drawings.

[0036]

FIG. 1 is a diagram used to explain the configuration of the semiconductor device 10 in the
present embodiment, in which FIG. 1(a) is a perspective view and FIG. 1(b) is a cross-
sectional view from line A-A in FIG. 1(a).

[0037]

As shown in FIG. 1(a), the semiconductor device 10 in the present embodiment consists of
a semiconductor chip 1 mounted on a wiring substrate 20 (for example, a base film of
polyimide or a liquid crystal polymer, etc. wired with a conductive material such as copper
or indium titanium oxide) on which wiring has been formed. Electrode pads 2 are arranged
at a predetermined pitch on the element formation surface of the semiconductor chip 1.

[0038]

Metal plating may also be formed on the electrode pads 2 using the method of connection
with the semiconductor chip 1. In this case, since direct metal plating is not possible,
sputter films of Ti, Cr, Cu, and Ni, for example, are formed sequentially, followed by
electroplating of the metal.

[0039]

As shown in FIG. 1(b), tower bumps 4 are provided in the wiring layer of the substrate
including inner leads 3 to connect with the semiconductor chip 1, and solder balls 30
(external output terminals) are electrically connected to the wiring layer at a predetermined
pitch.

[0040]

For mounting the semiconductor chip 1 on the wiring substrate 20, as shown in FIG. 1(b),
the semiconductor chip 1 is placed on the tower bumps 4 formed on the connecting portion
(tips) of the inner leads 3 on the wiring substrate 20, and a connection established by a
metal diffusion reaction with the electrode pads 2.

[0041]
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A characteristic of the semiconductor device 10 in the present embodiment is that the
thermal stress caused by the difference in thermal expansion coefficients between the
semiconductor chip 1 and the wiring substrate 20 is buffered by the tower bumps 4 formed
on the wiring layer of the wiring substrate 20.

[0042]

Therefore, tower bumps 4 should be made of a conductive material that does not undergo a
phase transformation at high temperatures (150°C). Also, a conductive material that
satisfies a Vickers hardness Hv of 60 to 150 should be used. Examples include high-purity
gold, copper, and nickel. The following materials are optimal.

[0043]

(1) Soft copper electroplated bumps (Vickers hardness Hv 60 to 80)
(2) Soft copper electroless plated bumps (Vickers hardness Hv 60 to 80)
(3) Low stress nickel plated bumps (Vickers hardness Hv 120 to 150)

It is especially optimal to use high-purity copper with a purity of 99.99% or higher. This
high-purity copper softens and becomes pliable at room temperature and has very little
brittleness due to its low impurity content.

[0044]

FIG. 2 is a diagram used to explain the wiring substrate 20 and the tower bumps 4 formed
on the wiring substrate in the present embodiment.

[0045]

In the wiring substrate 20 of the present embodiment, as shown in FIG. 2(a), A wiring
pattern including inner leads 3 is formed on a base material such as polyimide, tower bumps
4 are formed on the connecting portions to connect with the semiconductor chip 1, and
solder bumps 30 are formed to electrically connect with the wiring layer. The tower bumps 4
are composed of a metal bump 41 and a bonding layer 42 that bonds to the electrode pads
2 of the semiconductor chip 1, as shown in FIG. 2(a). Gold, solder, or tin can be used, for
example, in the bonding layer 42.

[0046]

The shape of the tower bumps 4 should be, for example, a cylinder as shown in FIG. 2(b) or
a cube as shown in FIG. 2(c). The tower bumps 4 must be large enough to absorb the stress
caused by the semiconductor chip 1 and inner leads 3.

[0047]

Therefore, the cylinder shape shown in FIG. 2(b) and the cube shape shown in FIG. 2(c)
should satisfy at least the following conditions.

[0048]

(1) h > d
(2)h > L
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Here, the greater the height of h, the more thermal stress is absorbed, and the greater d
and L, the more reliable the connection. These sizes should be determined by the intended
use of the semiconductor device.

[0049]

Next, the manufacturing method for the semiconductor device 10 in the present
embodiment will be described in detail using the drawings. FIG. 3 and FIG. 4 show the
manufacturing method for the wiring substrate 20 in the present embodiment.

[0050]

FIG. 3 shows the pre-bumping method, in which tower bumps 4 are formed before the
wiring pattern is formed, and FIG. 4 shows the post-bumping method, in which the tower
bumps 4 are formed after the wiring pattern is formed.

[0051]
The pre-bumping method will be explained first.
[0052]

In the method for manufacturing a wiring substrate 20 in the present embodiment, first, a
base film (insulating substrate) 21 is prepared. (In this case, polyimide film is used.) The
dimensions of this base film 21 can be, for example, a width of 35 to 300 mm, a length of
10 to 100 m, and a thickness of 50 pm £ 1.5 pm.

[0053]

Next, as shown in FIG. 3(a), holes (vias) 31 for setting solder balls 30 and package outline
holes cut out in advance for final package outline processing) are formed in the base film
21. Copper foil 50 of the same width as the base film 21 is laminated on top of the
processed base film 21.

[0054]

Next, as shown in FIG. 3(b), a photoresist 60 is applied on the copper foil 50, and holes are
formed with a carbon dioxide gas laser in the portions where tower bumps 4 are to be
formed.

[0055]

Next, as shown in FIG. 3(c), metal bumps 41 are formed on the copper foil 50 by metal
plating (electroless or electroplating).

[0056]

Next, as shown in FIG. 3(d), a bonding layer 42 is formed on the metal bumps 41 by metal
plating.

[0057]
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Next, as shown in FIG. 3(e), the photoresist 60 is removed.
[0058]

Next, as shown in FIG. 3(f), etching is performed on the copper foil 50 to form a wiring
pattern including inner leads 3 and complete the wiring substrate 20 in the present
embodiment.

[0059]
The post-bumping method will be explained next.
[0060]

In the method for manufacturing a wiring substrate 20 in the present embodiment, first, a
base film (insulating substrate) 21 is prepared. (In this case, polyimide film is used.) The
dimensions of this base film 21 can be, for example, a width of 35 to 300 mm, a length of
10 to 100 m, and a thickness of 50 um £ 1.5 pm.

[0061]
Next, as shown in FIG. 4(a), etching is performed on copper foil 50 to form a photoresist 60
on the wiring pattern of a wiring substrate (shown in FIG. 3(f)) on which a wiring pattern

including inner leads 3 has been formed, except for the portions where tower bumps 4 are
to be formed.

[0062]

Next, as shown in FIG. 4(b), metal bumps 41 are formed on the wiring pattern including
inner leads 3 by metal plating (electroless or electroplating).

[0063]

Next, as shown in FIG. 4(c), a bonding layer 42 is formed on the metal bumps 41 by metal
plating.

[0064]

Next, as shown in FIG. 4(d), the photoresist 60 is removed to complete the wiring substrate
20 in the present embodiment.

[0065]
A tape manufacturer may sell the wiring substrate 20 shown in FIG. 3(f) and FIG. 4(d), in

which the series of steps described above have already been performed. In this case, the
steps described above can be omitted by purchasing such a wiring substrate.

[0066]
A tape manufacturer may also sell the wiring substrate 20 shown in FIG. 3(f) and FIG. 4(d)
with solder balls, in which solder balls have been formed on the wiring substrate in the

manner described below. In this case, the assembling manufacturer can omit the solder ball
formation steps described below.
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[0067]

The process used to mount a semiconductor chip 1 on the manufactured wiring substrate 20
will now be described in detail. FIG. 5 is a diagram used to explain the method for mounting
a semiconductor chip on a wiring substrate 20 in the present embodiment

[0068]

In the process used to mount a semiconductor chip 1 in a semiconductor device 10 in the
present embodiment, as shown in FIG. 5(a), after preparing the wiring substrate 20
described above and aligning the plurality of electrode pads 2 and tower bumps 4 formed on
the main surface of the semiconductor chip 1, the semiconductor chip 1 is fixed. Next, as
shown in FIG. 5(b), a heating tool is used to heat to 240 to 260°C and a pressurizing tool is
used to apply pressure of 1 to 10 kg/mm? for 2 to 5 seconds to cause a metal diffusion
reaction and establish a connection. The electrode pads 2, which are aluminum, may be
metallized with other metals depending on the connection method.

[0069]

Next, as shown in FIG. 5(c), the semiconductor device 10 in the present embodiment is
manufactured by providing solder balls 30 on the wiring pattern including inner leads 3.

[0070]
By providing tower bumps 4 on the wiring pattern of the wiring substrate 20 in this way, the
tower bumps 4 buffer the thermal stress caused by the difference in thermal expansion

coefficients between the semiconductor chip and the wiring substrate, thereby preventing
cracking of the semiconductor chip.

[0071]
(Example 1)
Gold-tin bonding:

Next, an example of electrical connection established between a semiconductor device and a
wiring substrate (tower bumps 4) using gold-tin bonding will be described.

[0072]

FIG. 6 is a diagram used to explain the configuration of the semiconductor device 10a in the
first example.

[0073]

As shown in FIG. 6(a), the semiconductor device 10a in the present embodiment consists of
a semiconductor chip 1 mounted on a wiring substrate 20 (for example, a base film of
polyimide or a liquid crystal polymer, etc. wired with a conductive material such as copper
or indium titanium oxide) on which wiring has been formed. Electrode pads 2 are arranged
at a predetermined pitch on the element formation surface of the semiconductor chip 1, and
gold plating (gold bumps) 71 are formed on each electrode pad 2. The wiring layer of the
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substrate including inner leads 3 is provided with tower bumps 4 consisting of copper bumps
(metal bumps 41) that have been tin plated 72 (bonding layer 42).

[0074]

When mounting the semiconductor chip 1 on the wiring substrate 20, as shown in FIG. 6(b),
the semiconductor chip 1 is placed on the tower bumps 4 formed in the connection portions
(tips) of the inner leads 3 on the wiring substrate 20, a connection is established by a gold-
tin diffusion reaction with the electrode pads 2, and solder balls 30 (external output
terminals) to be electrically connected to the wiring layer are formed at a predetermined
pitch.

[0075]

The bonding layer of the gold-tin connection consists of a reactive melted layer of gold and
tin at the bonding interface (high melting point layer) and a portion protruding from this
(fillet). The fillet consists of a composition of 5 20 wt% gold (with the balance being tin),
centered on the composition at the first eutectic point (melting point 217°C), and the
reaction melted layer (high melting point layer) consists of 10 to 40 wt% gold (with the
balance being tin).

[0076]

This gold-tin connection at the first eutectic point, which forms a bonding interface of 10 to
40wt% gold and 60 to 90 wt% tin as mentioned above, increases the strength of the
connection at low temperatures.

[0077]

Although a gold-tin connection at the first eutectic point is ideal because the bond strength
is also high, the bonding interface in the present invention is not limited to these
components. If the bonding is performed using heat above the temperature of the first
eutectic point of gold-tin but below a temperature adversely affecting the wiring substrate
and the melting point at the first eutectic point is utilized, the composition can be something
other than 10 to 40 wt% gold and 60 to 90 wt% tin.

[0078]

Because the semiconductor device 10a in Example 1 can be manufactured as described in
the present embodiment simply by applying gold plating to the electrode pads 2 of the
semiconductor chip 1 and replacing the bonding layer 41 with a tin plating layer, further
explanation can be omitted.

[0079]

This gold-tin connection method is also a low-temperature connection method that can
establish connections without adversely affecting the wiring substrate.

[0080]
Therefore, ideal gold-tin bonding at 10 to 40 wt% gold and 60 to 90wt% tin is not

necessary if a lower gold-tin connection strength is acceptable. In this case, the bonding is
performed using the melting point at the first eutectic point, where the temperature of the
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bonding tool is at least above the temperature of the first eutectic point of gold-tin and
below a temperature adversely affecting the flexible wiring substrate.

[0081]

By providing tower bumps 4 on the wiring pattern of the wiring substrate 20 in this way, the
tower bumps 4 buffer the thermal stress caused by the difference in thermal expansion
coefficients between the semiconductor chip and the wiring substrate, thereby preventing
cracking of the semiconductor chip.

[0082]

The use of a gold-tin connection for establishing the connection between the tower bumps 4
and the semiconductor chip, which can be done at low temperatures, enables a connection
to be established at low temperatures and without adverse thermal effects on the wiring
substrate.

[0083]

Also, because the connection is established using the first eutectic point of gold-tin, the
connection strength is increased and a more reliable connection can be made.

[0084]
(Example 2)
Solder bump bonding:

Next, an example of electrical connection established between a semiconductor device and a
wiring substrate using solder bonding will be described.

[0085]

FIG. 7 is a diagram used to explain the configuration of the semiconductor device 10b in the
second example.

[0086]

As shown in FIG. 7(a), the semiconductor device 10b in Example 2 consists of a
semiconductor chip 1 mounted on a wiring substrate 20 (for example, a base film of
polyimide or a liquid crystal polymer, etc. wired with a conductive material such as copper
or indium titanium oxide) on which wiring has been formed. Electrode pads 2 are arranged
at a predetermined pitch on the element formation surface of the semiconductor chip 1, and
solder bumps 73 are formed on each electrode pad 2. The wiring layer of the substrate
including inner leads 3 is provided with tower bumps 4 consisting simply of copper bumps
(metal bumps 41).

[0087]
The solder bumps 73 can be, for example, made of 10 Sn-Pb wt% solder.

[0088]
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For mounting the semiconductor chip 1 on the wiring substrate 20, as shown in FIG. 7(b),
the semiconductor chip 1 is placed on the tower bumps 4 formed on the connecting portion
(tips) of the inner leads 3 on the wiring substrate 20, and a connection established by a
solder diffusion reaction with the electrode pads 2. The solder balls 30 (external output
terminals) electrically connected to the wiring layer are formed at a predetermined pitch.

[0089]

Because the semiconductor device 10b in Example 2 can be manufactured as described in
the present embodiment simply by replacing the metal plating with solder plating, further
explanation can be omitted.

[0090]

By providing tower bumps 4 on the wiring pattern of the wiring substrate 20, the tower
bumps 4 buffer the thermal stress caused by the difference in thermal expansion
coefficients between the semiconductor chip and the wiring substrate, thereby preventing
cracking of the semiconductor chip.

[0091]

Also, because solder and copper can be directly connected, a bonding layer 42 on the tower
bumps 4 is not needed.

[0092]
(Example 3)
Gold-solder bonding:

Next, an example of electrical connection established between a semiconductor device and a
wiring substrate using gold-solder bonding will be described.

[0093]

FIG. 8 is a diagram used to explain the configuration of the semiconductor device 10c in the
third example.

[0094]

As shown in FIG. 8(a), the semiconductor device 10c in Example 3 consists of a
semiconductor chip 1 mounted on a wiring substrate 20 (for example, a base film of
polyimide or a liquid crystal polymer, etc. wired with a conductive material such as copper
or indium titanium oxide) on which wiring has been formed. Electrode pads 2 are arranged
at a predetermined pitch on the element formation surface of the semiconductor chip 1, and
gold plating (gold bumps) 71 are formed on each electrode pad 2. The wiring layer including
inner leads 3 is provided with tower bumps 4, which are copper bumps (metal bumps 41)
that are solder plated 74 (bonding layer 42).

[0095]

The solder plating 74 can be, for example, 37 Pb-Sn wt% eutectic solder or 60 Sn-Pb wt%
high temperature solder.
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[0096]

When mounting the semiconductor chip 1 on the wiring substrate 20, as shown in FIG. 8(b),
the semiconductor chip 1 is placed on the tower bumps 4 formed in the connection portions
(tips) of the inner leads 3 on the wiring substrate 20, a connection is established by a gold-
solder diffusion reaction with the electrode pads 2, and solder balls 30 (external output
terminals) to be electrically connected to the wiring layer are formed at a predetermined
pitch.

[0097]

Because the semiconductor device 10c in Example 3 can be manufactured as described in
the present embodiment simply by replacing the metal plating with solder plating, further
explanation can be omitted.

[0098]

By providing tower bumps 4 on the wiring pattern of the wiring substrate 20, the tower
bumps 4 buffer the thermal stress caused by the difference in thermal expansion
coefficients between the semiconductor chip and the wiring substrate, thereby preventing
cracking of the semiconductor chip.

[0099]
(Example 4)
Gold-gold bonding:

Next, an example of electrical connection established between a semiconductor device and a
wiring substrate using gold-gold bonding will be described.

[0100]

FIG. 9 is a diagram used to explain the configuration of the semiconductor device 10d in the
fourth example.

[0101]

As shown in FIG. 9(a), the semiconductor device 10d in Example 4 consists of a
semiconductor chip 1 mounted on a wiring substrate 20 (for example, a base film of
polyimide or a liquid crystal polymer, etc. wired with a conductive material such as copper
or indium titanium oxide) on which wiring has been formed. Electrode pads 2 are arranged
at a predetermined pitch on the element formation surface of the semiconductor chip 1, and
gold plating (gold bumps) 71 are formed on each electrode pad 2. The wiring layer including
inner leads 3 is provided with tower bumps 4, which are copper bumps (metal bumps 41)
that are metal plated 71 (bonding layer 42).

[0102]
When mounting the semiconductor chip 1 on the wiring substrate 20, as shown in FIG. 9(b),

the semiconductor chip 1 is placed on the tower bumps 4 formed in the connection portions
(tips) of the inner leads 3 on the wiring substrate 20, a connection is established by a gold-
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gold diffusion reaction with the electrode pads 2, and solder balls 30 (external output
terminals) to be electrically connected to the wiring layer are formed at a predetermined
pitch.

[0103]

Because the semiconductor device 10d in Example 4 can be manufactured as described in
the present embodiment simply by replacing the metal plating with gold plating, and
establishing a connection with ultrasonic single-point bonding without the use of a heating
tool, further explanation can be omitted.

[0104]

By providing tower bumps 4 on the wiring pattern of the wiring substrate 20, the tower
bumps 4 buffer the thermal stress caused by the difference in thermal expansion
coefficients between the semiconductor chip and the wiring substrate, thereby preventing
cracking of the semiconductor chip.

[0105]

Because this gold-gold connection does not use a heating tool, the wiring substrate 20 is not
heated, allowing for a thinner wiring substrate to be formed (50 to 70 pym thick).

[0106]
(Example 5)
Gold-aluminum bonding:

Next, an example of electrical connection established between a semiconductor device and a
wiring substrate using gold-aluminum bonding will be described.

[0107]

FIG. 10 is a diagram used to explain the configuration of the semiconductor device 10e in
the fifth example.

[0108]

As shown in FIG. 10(a), the semiconductor device 10e in Example 5 consists of a
semiconductor chip 1 mounted on a wiring substrate 20 (for example, a base film of
polyimide or a liquid crystal polymer, etc. wired with a conductive material such as copper
or indium titanium oxide) on which wiring has been formed. Electrode pads 2 are arranged
at a predetermined pitch on the element formation surface of the semiconductor chip 1, and
metal plating (metal bumps) 71 are formed on each electrode pad 2. The wiring layer
including inner leads 3 is provided with tower bumps 4, which are copper bumps (metal
bumps 41) that are metal plated 71 (bonding layer 42).

[0109]
When mounting the semiconductor chip 1 on the wiring substrate 20, as shown in FIG.

10(b), the semiconductor chip 1 is placed on the tower bumps 4 formed in the connection
portions (tips) of the inner leads 3 on the wiring substrate 20, a connection is established by
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a gold-aluminum diffusion reaction with the electrode pads 2, and solder balls 30 (external
output terminals) to be electrically connected to the wiring layer are formed at a
predetermined pitch.

[0110]

Because the semiconductor device 10e in Example 5 can be manufactured as described in
the present embodiment simply by replacing the metal plating with gold plating, and
establishing a connection with ultrasonic single-point bonding without the use of a heating
tool, further explanation can be omitted. This gold-aluminum connection may also be
established using a heating tool.

[0111]

By providing tower bumps 4 on the wiring pattern of the wiring substrate 20, the tower
bumps 4 buffer the thermal stress caused by the difference in thermal expansion
coefficients between the semiconductor chip and the wiring substrate, thereby preventing
cracking of the semiconductor chip.

[0112]

When ultrasonic single-point bonding is used, the wiring substrate 20 is not heated because
no heating tool is used, so a thinner wiring substrate can be formed (50 to 70 pm thick).

[0113]

(Example 6)

The wiring substrate of the present invention can be used not only in semiconductor devices
but also in motherboards to mount electronic devices. Example 6 will now be explained
using a memory module as the electronic device.

[0114]

FIG. 11 is a diagram used to explain the configuration of the memory module in the sixth
example, in which FIG. 11 (@) is a planar view from above, and FIG. 11 (b) is a cross-
sectional view from line A-A in FIG. 11(a).

[0115]

As shown in FIG. 11(a), the memory module 100 in Example 6 consists of a semiconductor
device 10 mounted on a wiring substrate 20 on which a wiring pattern 30 including external
output terminals 110 for connection to other electronic devices has been formed.

[0116]

As shown in FIG. 11(b), the wiring substrate 20 has a wiring pattern 30 provided on a base
substrate such as polyimide or glass epoxy, and tower bumps 4 described above are formed
on the wiring pattern 30 on which the semiconductor device 10 is to be mounted.

[0117]

The method for manufacturing the memory module 100 in Example 6 will now be described.
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[0118]

FIG. 12 is a diagram used to explain a method for manufacturing the memory module 100
in the sixth example.

[0119]
First, a base substrate (insulating substrate) is prepared.
[0120]

Next, as shown in FIG. 12(a), etching is performed on the copper foil 50 to form a
photoresist 60 on the wiring pattern of a wiring substrate 20 on which a wiring pattern 30
including inner leads has been formed, except for the portions where tower bumps 4 are to
be formed. (The photoresist 60 is applied and holes are made by exposure and
development).

[0121]

Next, as shown in FIG. 12(b), metal bumps 41 are formed by metal plating (electroless or
electroplating) on the wiring pattern 30 including the inner leads.

[0122]

Next, as shown in FIG. 12(c), a bonding layer 42 is formed on the metal bumps 41 by metal
plating.

[0123]

Next, as shown in FIG. 12(d), the photoresist 60 is removed to complete the wiring
substrate 20 in Example 6.

[0124]

Next, the method for mounting semiconductor devices 10 on the manufactured wiring
substrate 20 will be described in detail. FIG. 13 is a diagram used to explain the method for
mounting semiconductor devices 10 on the wiring substrate 20 in the sixth example.

[0125]

In the process used to mount semiconductor devices 10 in Example 6, as shown in FIG.
13(a), after preparing the wiring substrate 20 described above and aligning the plurality of
electrode pads and tower bumps 4 formed on the semiconductor device, semiconductor
devices 10 are fixed. Next, as shown in FIG. 13(b), a heating tool is used to heat to 240 to
260°C and a pressurizing tool is used to apply pressure of 1 to 10 kg/mm? for 2 to 5
seconds to cause a metal diffusion reaction and establish a connection, thereby completing
production of the semiconductor devices 10 in the present embodiment.

[0126]

By providing tower bumps 4 on the wiring pattern 30 of the wiring substrate 20 for the
electronic devices, the tower bumps 4 buffer the thermal stress caused by the difference in
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thermal expansion coefficients between the semiconductor devices and the wiring substrate,
thereby preventing cracking of the semiconductor devices.

[0127]

In addition, since tower bumps 4 serve as a stress buffer, bare chip semiconductor devices
can be mounted in electronic devices.

[0128]
(Example 7)
Peripheral Tower Bumps:

Next, an example of tower bumps applied to a wafer process package (WPP) type
semiconductor device is described. In Example 7, peripheral tower bumps are used.

[0129]

FIG. 14 is a diagram used to explain the manufacturing method for the WPP-type
semiconductor device in the seventh example before being cut out, in which FIG. 14(a) is a
perspective view of a WPP-type semiconductor device, FIG. 14(b) is a cross-sectional view
from line A-A in FIG. 14(a), and FIG. 14(c) is a cross-sectional view of a cut-out WPP-type
semiconductor device.

[0130]

In the WPP type semiconductor device 200 in Example 7, a wafer 201 is sectioned into
multiple pieces as shown in FIG. 14(a). As shown in FIG. 14(b), circuit elements and
electrode pads 202 are formed in the sections for each semiconductor chip, the circuit
element formation surface is protected with passivation 205, and tower bumps 4 are formed
on the electrode pads 202. Here, individual semiconductor chips are obtained as shown in
FIG. 14(c).

[0131]

Next, the method for manufacturing the WPP-type semiconductor device 200 in Example 7
will be described.

[0132]

FIG. 15 is a diagram used to explain the manufacturing method for the WPP-type
semiconductor device 200 in the seventh example.

[0133]

In the method for producing the WPP type semiconductor device in Example 7, first, as
shown in FIG. 15(a), a wafer 201 is prepared on which multiple sets of circuit elements and
electrode pads 202 have been formed and a passivation film (not shown) such as polyimide
has been applied over the circuit elements, etc.

[0134]

26



Next, as shown in FIG. 15(b), a photoresist 60 with a thickness that allows tower bumps 4
to be formed is applied to the formed electrode pads 202.

[0135]

Next, as shown in FIG. 15(c), a carbon dioxide laser is used to open holes 31 in the
photoresist 60 at the locations where tower bumps 4 are to be formed, exposing the
electrode pads 202.

[0136]

Next, as shown in Figure 15(d), metal bumps 41 are formed on the exposed electrode pads
202 by metal plating (electroless or electroplating). As mentioned above, this metal plating
uses a conductive material that does not undergo phase transformation at high
temperatures (150°C), such as high-purity gold, copper, and nickel, and that meets a
Vickers hardness Hv of 60 to 150.

[0137]

Next, as shown in FIG. 15(e), a bonding layer 42 is formed on the metal bumps 41 by metal
plating. This bonding layer 42 can be gold, tin, solder, etc., depending on the connection
method used. Also, depending on the connection method, a bonding layer 42 may not be
provided.

[0138]

Next, as shown in FIG. 15(f), the photoresist 60 is removed and the wafer 201 is diced to
produce the WPP-type semiconductor devices 200 in Example 7.

[0139]

As explained above, conventional WPP-type semiconductor devices use solder bumps as
output terminals. Because of their structure, when mounted on a wiring substrate, cracks
develop in the wafer or solder bumps due to thermal stress caused by the difference in the
thermal expansion coefficients of the semiconductor devices and the wiring substrate.
However, by providing tower bumps 4 formed of a relatively soft conductive material that
performs stress buffering on the electrode pads 202, as in the WPP-type semiconductor
device 200 of the present invention, the tower bumps 4 buffer the thermal stress caused by
the difference in thermal expansion coefficients of the semiconductor devices and the wiring
substrate, thereby preventing cracking of the semiconductor devices.

[0140]

This makes it possible to provide WPP-type semiconductor devices with stress buffering
capability.

[0141]
(Example 8)

Area Tower Bumps:
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Next, an example of tower bumps applied to a wafer process package (WPP) type
semiconductor device is described. In Example 8, area tower bumps are used. Area tower
bumps are tower bumps 4 formed on the wiring by drawing (rewiring) wiring from
surrounding electrode pads to the entire semiconductor chip.

[0142]

FIG. 16 is a diagram used to explain the manufacturing method for the WPP-type
semiconductor device in the eighth example before being cut out, in which FIG. 16(a) is a
perspective view of a WPP-type semiconductor device, FIG. 16(b) is a cross-sectional view

from line A-A in FIG. 16(a), and FIG. 16(c) is a cross-sectional view of a cut-out WPP-type
semiconductor device.

[0143]

As shown in FIG. 16(b), the WPP-type semiconductor devices 200a in Example 8 have a
structure in which electrode pads 202 are formed on a wafer 201, an insulating base
material 203 such as polyimide is applied on top of this, through-hole electrodes 204 are
provided on top of this, and tower bumps 4 are formed on the through-hole electrodes 204.

[0144]

Next, the method for manufacturing the WPP-type semiconductor device 200a in Example 8
will be described.

[0145]

FIG. 17 and FIG. 18 are diagrams used to explain the manufacturing method for the WPP-
type semiconductor device 200a in the eighth example.

[0146]

As shown in FIG. 17(a), the manufacturing method for the WPP-type semiconductor devices
in Example 7, first, circuit elements and electrode pads 202 are formed on the wafer 201,
and then an insulating substrate material such as polyimide is applied on top.

[0147]

Next, as shown in FIG. 17(b), a carbon dioxide laser is used to form holes 31 in the
insulating substrate 203 and expose the electrode pads 202.

[0148]

Next, as shown in FIG. 17(c), copper plating is applied on top of the insulating substrate
material 203 to form through-hole electrodes 204. The copper plating is initially electroless
copper plating, and then electrolytic copper plating. Here, if electroless copper plating is

formed directly on the insulating substrate material, adhesion is poor, so an epoxy resin
with excellent adhesion is selected and interposed.

[0149]

Next, as shown in FIG. 17(d), a photoresist 60 is applied to the formed through-hole
electrode 204 at a thickness that allows for tower bump formation.
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[0150]

Next, as shown in FIG. 18(a), holes 31 are formed in the photoresist 60 at the locations
where tower bumps 4 are to be formed by performing exposure, development, etc. and
exposing the through-hole electrodes 204.

[0151]

Next, as shown in FIG. 18(b), metal bumps 41 are formed on the exposed through-hole
electrodes 204 by metal plating (electroless or electroplating). As mentioned above, this
metal plating uses a conductive material that does not undergo phase transformation at
high temperatures (150°C), such as high-purity gold, copper, and nickel, and that meets a
Vickers hardness Hv of 60 to 150.

[0152]

Next, as shown in FIG. 18(c), a bonding layer 42 is formed on the metal bumps 41 by metal
plating. This bonding layer 42 can be gold, tin, solder, etc., depending on the connection
method used. Also, depending on the connection method, a bonding layer 42 may not be
provided.

[0153]

Next, as shown in FIG. 18(d), the photoresist 60 is removed and the wafer 201 is diced to
produce the WPP-type semiconductor devices 200a in Example 8.

[0154]

As explained above, conventional WPP-type semiconductor devices use solder bumps as
output terminals. Because of their structure, when mounted on a wiring substrate, cracks
develop in the wafer or solder bumps due to thermal stress caused by the difference in
thermal expansion coefficient between the semiconductor devices and the wiring substrate.
However, by providing tower bumps 4 formed of a relatively soft conductive material that
performs stress buffering on the through-hole electrodes 204, as in the WPP-type
semiconductor device 200a of the present invention, the tower bumps 4 buffer the thermal
stress caused by the difference in thermal expansion coefficients between the
semiconductor devices and the wiring substrate, thereby preventing cracking of the
semiconductor devices.

[0155]

This makes it possible to provide WPP-type semiconductor devices with stress buffering
capability.

[0156]

The present invention devised by the present inventors has been described in detail with
reference to the embodiments above, but the present invention is not limited to these
embodiments, and modifications that do not depart from the scope and the spirit of the
present invention are certainly possible.

[0157]
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[Effects of the Invention]

The following is a brief description of the effects obtained by the embodiments of the
present invention disclosed in the present application.

[0158]

By providing tower bumps on the wiring pattern of a wiring substrate to connect to a
semiconductor chip or semiconductor devices, the tower bumps buffer the thermal stress
caused by the difference in thermal expansion coefficients between the semiconductor chip
or semiconductor devices and the wiring substrate, thereby preventing cracking of the
semiconductor chip or semiconductor devices.

[0159]

Also, by providing tower bumps formed of a relatively soft conductive material that provides
stress buffering on the electrode pads, the tower bumps buffer the thermal stress caused by
the difference in thermal expansion coefficients between semiconductor devices and the
wiring substrate, thereby preventing cracking of the semiconductor devices, and providing
WPP-type semiconductor devices with stress buffering capability.

[Brief Description of the Drawings]

[FIG. 1]

FIG. 1 is a diagram used to explain the configuration of the semiconductor device 10 in the
present embodiment.

[FIG. 2]

FIG. 2 is a diagram used to explain the wiring substrate 20 in the present embodiment and
the tower bumps 4 formed upon the wiring substrate.

[FIG. 3]

FIG. 3 is a diagram showing the manufacturing method for the wiring substrate 20 in the
present embodiment.

[FIG. 4]

FIG. 4 is a diagram showing the manufacturing method for the wiring substrate 20 in the
present embodiment.

[FIG. 5]

FIG. 5 is a diagram used to explain the method for mounting semiconductor chips on the
wiring substrate 20 in the present embodiment.

[FIG. 6]

FIG. 6 is a diagram used to explain the configuration of the semiconductor device 10a in the
first example.
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[FIG. 7]

FIG. 7 is a diagram used to explain the configuration of the semiconductor device 10b in the
second example.

[FIG. 8]

FIG. 8 is a diagram used to explain the configuration of the semiconductor device 10c in the
third example.

[FIG. 9]

FIG. 9 is a diagram used to explain the configuration of the semiconductor device 10d in the
fourth example.

[FIG. 10]

FIG. 10 is a diagram used to explain the configuration of the semiconductor device 10e in
the fifth example.

[FIG. 11]

FIG. 11 is a diagram used to explain the configuration of the memory module in the sixth
example.

[FIG. 12]

FIG. 12 is a diagram used to explain a method for manufacturing the memory module in the
sixth example.

[FIG. 13]

FIG. 13 is a diagram used to explain the method for mounting semiconductor devices 10 on
the wiring substrate 20 in the sixth example.

[FIG. 14]

FIG. 14 is a diagram used to explain the manufacturing method for the WPP-type
semiconductor device in the seventh example before being cut out.

[FIG. 15]

FIG. 15 is a diagram used to explain the manufacturing method for the WPP-type
semiconductor device 200 in the seventh example.

[FIG. 16]

FIG. 16 is a diagram used to explain the manufacturing method for the WPP-type
semiconductor device in the eighth example before being cut out.

[FIG. 17]
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FIG. 17 is a diagram used to explain the manufacturing method for the WPP-type
semiconductor device 200a in the eighth example.

[FIG. 18]

FIG. 18 is a diagram used to explain the manufacturing method for the WPP-type
semiconductor device 200a in the eighth example.

[FIG. 19]

FIG. 19 is a diagram used to explain the configuration of a conventional semiconductor
device.

[Reference Numbers]

1: Semiconductor chip

2: Electrode pad

3: Inner lead

4: Tower bump

10: Semiconductor device
20: Wiring substrate

30: Solder ball
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[FIG. 4]
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[FIG. 5]
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[FIG. 6]
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[FIG. 11]

43



A S SRS

mﬁ\t\%\x@w@

S .Y

44



[FIG. 13]

20

P |

{b)

e BB 3 _ad
E§ETEEEhh© e

45



[FIG. 14]
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[FIG. 15]
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[FIG. 17]
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[FIG. 18]
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