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(54) [Title of the Invention] Semiconductor Device and Method of Manufacturing Same

(57) [Abstract]

[Problem to Be Solved] Provided is a highly reliable chip-
size package type semiconductor device in which the
connection strength between a metal post and a wiring pattern
is high and the reliability of the electrical connection with the
outside is high, and in which the wiring pattern will not break
even if gas is generated in the insulating layer, and a method
for manufacturing the same.

[Means for Solving the Problem] A semiconductor device
characterized in that a first insulating layer having substantially
the same shape as a passivation film is formed on the
passivation film, which has been formed on a semiconductor
element, with an electrode, which has been formed on the
semiconductor element, exposed; a wiring pattern, which is
connected with the electrode of the semiconductor element, is
formed on the first insulating layer; a metal post for external
connection is formed on the wiring pattern; a second insulating
layer, which is in close contact with the wiring pattern, is formed
in a manner so as to cover a side face of the metal post
excluding the tip of the metal post; and after sealing resin has
been [applied] in @ manner so as to expose the tip of the metal
post, an external connection terminal is provided at the tip of
the metal post.
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[Claims]

[Claim 1] A semiconductor device characterized in that a first
insulating layer having substantially the same shape as a
passivation film is formed on the passivation film, which has
been formed on a semiconductor element, with an electrode,
which has been formed on the semiconductor element,
exposed; a wiring pattern, which is connected with the electrode
of the semiconductor element, is formed on the first insulating
layer; a metal post for external connection is formed on the
wiring pattern; a second insulating layer, which is in close
contact with the wiring pattern, is formed in a manner so as to
cover a side face of the metal post excluding a tip surface of the
metal post; resin sealing is performed with sealing resin in a
manner so as to expose the tip surface of the metal post; and an
external connection terminal is provided at the tip surface of the
metal post.

[Claim 2] The semiconductor device according to claim 1,
characterized in that the height of the surface of the second
insulating layer excluding the region of the side face of the metal
post is established at a position lower than the tip surface of the
metal post.

[Claim 3] The semiconductor device according to claim 1 or
2, characterized in that the external connection terminal is
configured with an electroconductive material provided on a
surface of a support having a hollow part which is opened to the
outside.

[Claim 4] The semiconductor device according to claim 3,
characterized in that the support has a cylindrical shape having
a hollow part opened to the outside.

[Claim 5] The semiconductor device according to claim 1 or
2, characterized in that the external connection terminal is
configured with an electroconductive material is provided on a
surface of a cylindrical support having no hollow part.

[Claim 6] The semiconductor device according to claim 3, 4
or 5, characterized in that an engineering plastic comprising a
resin selected from polyimide, polyamide imide, polyether imide,
thermoplastic polyimide, polyamide, polyacetal, polybutylene
terephthalate, polyethylene terephthalate, polystyrene,
syndiotactic polystyrene, polyphenylene sulfide, polyether
ketone, liquid crystal polymer, polyether nitrile, fluororesin,
polycarbonate, modified polyphenylene ether, polysulfone,
polyethersulfone, and polyarylate is used for the support
comprised by the external connection terminal.

[Claim 7] The semiconductor device according to claim 3, 4,
5 or 6, characterized in that the electroconductive material
comprised by the external connection terminal is selected from
among the following (1) to (3):

(1) a dispersion of graphite, carbon or metal fine particles;

(2) gold, silver, copper, aluminum or nickel alone, or an alloy
containing two or more of said metals; and

(3) a low melting point alloy having tin or lead as a principal
component.

[Claim 8] A method for manufacturing the semiconductor
device according to claim 1, 2, 3, 4, 5, 6 or 7, characterized by
having, at least: a step of forming a first insulating layer on a
passivation film, which has been formed on a semiconductor
element in such a manner as to expose an electrode formed on
the semiconductor element, in such a manner as to expose the
electrode; a step of forming a wiring pattern, which is connected
with the electrode, on the first insulating layer; a step of forming
a metal post for external connection at a predetermined height,
in a predetermined position on the wiring pattern; a step of
forming a second insulating layer in which, after applying an
insulating resin in a manner so as to include the metal post, the
insulating resin is removed from the region of the tip surface of
the metal post that connects with the outside; a step of
performing resin sealing with sealing resin in a manner so as to
expose the tip surface of the metal post; and a step of providing
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an external connection terminal at the tip surface of the metal
post.

[Claim 9] The method for manufacturing a semiconductor
device according to claim 8, characterized in that
photolithography is used as a means for removing the insulating
resin from the region of tip surface of the metal post that
connects with the outside.

[Claim 10] The method for manufacturing a semiconductor
device according to claim 8 or 9, characterized in that spin
coating is used as a means for applying an insulating resin
serving as the second insulating layer.

[Claim 11] The method for manufacturing a semiconductor
device according to claim 8, 9 or 10, characterized in that, after
the semiconductor element on which the second insulating layer
has been formed has been affixed to a cooling heatsink, resin
sealing is performed on the semiconductor element in a manner
s0 as to expose the tip surface of the metal post and the face of
the cooling heatsink on the side opposite to the face to which
the semiconductor element was affixed, whereafter, the external
connection terminal is mounted on the tip surface of the metal
post.

[Claim 12] The method for manufacturing a semiconductor
device according to claim 11 characterized in that, after batch
forming a plurality of laid-out semiconductor elements, up to the
formation of the second insulating layer, these are separated
into individual semiconductor elements by dicing, and
subsequently affixed to cooling heatsinks.

[Detailed Description of the Invention]

[0001]

[Technical Field of the Invention] The present invention
relates to a semiconductor devices, which are known as a chip
size packages (CSPs), in which a wiring layer is formed on a
semiconductor element, and to a method for manufacturing the
same.

[0002]

[Prior Art] In recent years, with miniaturization of electronic
devices, semiconductor devices that are incorporated
(mounted) in electronic devices are being mounted at high
densities, and in conjunction with this, there is a demand for
semiconductor devices to be made even smaller. Chip size
packages (hereinafter, referred to as CSPs), BGAs (ball grid
arrays) and the like have been proposed as technologies that
respond to this demand. CSPs can be made substantially the
same size as a semiconductor element (IC chip), and can be
said to be an effective means for miniaturizing a semiconductor
device. Various CSP structures and formats have been
proposed, but a general format for a CSP will be described
hereafter based on a drawing schematically illustrating the
structure of a CSP.

[0003] FIG. 6 is a cross-sectional explanatory view,
schematically illustrating an example of a conventional
semiconductor device 61 (CSP).

[0004] As shown in FIG. 6, a passivation film 64 is formed
on a semiconductor element 62, on which electrodes 63
(connection pads) made of aluminum or the like have been
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formed, in a manner so as to expose the electrodes 63. Next, a
first insulating layer 65 made of an insulating resin or the like is
formed on the passivation film 64 in a manner so as to expose
the electrodes 63. Furthermore, a wiring pattern 67 (wiring layer),
which is connected to the electrodes 63, is formed on the first
insulating layer 65, and metal posts 69 made of copper or the
like are provided on the wiring pattern 67. Note that, in the
example in FIG. 6, a metal barrier layer 66 is formed below the
wiring pattern 67. Next, a second insulating layer 68 is formed
above the wiring pattern 67 and the first insulating layer 65, in a
manner so as to expose the metal posts 69. Furthermore, resin
sealing is performed with a sealing resin 70 in a manner so as
to expose the metal posts 69.

[0005] Note that, in cases where a plurality of semiconductor
elements 62 are formed laid out on one Si (silicon) wafer, if
[operations] up to the formation of the second insulating layer 68
are performed on the Si wafer, and then the Si wafer is diced so
as to be cut into individual semiconductor elements 62,
semiconductor devices 61 (CSP) having substantially the same
size as the individual semiconductor elements 62 can be
obtained.

[0006] The metal posts 69 are electrically connected to the
electrodes 63 by way of the wiring pattern 67, and electrical
connections between the semiconductor device 61 and the
outside, for example, electrical connections with a mounting
board on which the semiconductor device 61 is mounted, are
made by way of the metal posts 69. Note that, if necessary, as
shown in FIG. 6, a solder ball 71 or the like is sometimes formed
as an external connection terminal 74 on the top face of the
metal post 69.

[0007] In many cases, the connection between the metal
post 69 and the outside (for example, the mounting board) is
made by thermocompression bonding using solder, but at this
time, if high temperatures of, for example, 180°C to 250°C are
reached, some of the metal post 69 will dissolve and dissipate
in the solder. In consideration for this dissolution and dissipation,
the height of the metal post 69 is generally approximately 3 pm
to 50 uym.

[0008] However, in a semiconductor device having such a
structure, the connection strength between the metal post 69
and the wiring pattern 67 was insufficient, and thus the reliability
of the semiconductor device was low. Specifically, when the
semiconductor device is mounted on the mounting board, stress
is applied to the semiconductor device due to the difference in
thermal expansion coefficients between the semiconductor
device and the mounting board, and cracks, wire breakage and
the like occur in the semiconductor device.

[0009] It is of note that, when the present inventors
performed a temperature cycling test (a test in which a change
in temperature from -40°C to +125°C is considered one cycle,
and this change in temperature is repeated multiple times) on a
board on which a conventionally used semiconductor device had
been mounted, the wiring pattern 67 peeled and disconnected
from the metal post 69 at approximately 50 to 200 cycles.

[0010] Furthermore, considering the manufacturing cost of
the semiconductor device, it is desirable that the film thickness
of the first insulating layer 65 and the second insulating layer 68
are each approximately 10 um, or less than. If an insulating layer
is formed with such a film thickness and, after forming a solder
ball 71 on the metal post 69, a connection is made to the outside,
stress such as thermal stress concentrates at the solder ball 71,
which is the external connection terminal 74 of the
semiconductor device 61, and cracks will form in the insulating
layer in the vicinity of the solder ball 71, such that wire breakage
will occur in the vicinity of the solder ball.

[0011] There have been attempts to solve such problems by
forming the second insulating layer 68 at a thickness of, for
example, approximately 100 ym, and giving the metal post 69 a
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height of 100 um. Specifically, this is intended to mitigate the
stress applied to the semiconductor device due to the difference
in the thermal expansion coefficient with respect to the mounting
board by increasing the height of the metal post 69.

[0012] However, making a semiconductor device with such
a structure results new problems. That is to say, plating methods
are generally used for forming the metal post 69, and forming a
metal post 69 with a height of 100 um by a plating method raises
the manufacturing cost of the semiconductor device, and lowers
manufacturing yield. Furthermore, it cannot be said that it is
desirable, from the viewpoint of manufacturing costs, to form the
second insulating layer 68 with a thickness of approximately 100
pum, for example.

[0013] Furthermore, when forming the metal post 69 with a
plating method, the second insulating layer 68 is used as a
plating mask, and the metal post 69 is formed in an opening in
the second insulating layer 68. Therefore, if an attempt is made
to form the metal post 69 higher than the thickness of the second
insulating layer 68 for which the film thickness has been
increased, there will be variations in the height of the metal post
69 and the quality of the metal post 69 will tend to be reduced.
For this reason, when electrical connection with the outside is
made, local connection failures occur, which is a cause of
decreased reliability in the electrical connections. Note that, the
decrease in the quality of the metal post discussed above refers
to voids (holes) occurring locally in the metal post, which leads
to electrical defects such as disconnections. In addition, if the
height of the metal post 69 varies, and if the size and shape of
the solder ball 71 are nonuniform, there will also a problem in
that there will be differences in the pressure applied to the solder
or the solder ball when thermocompression bonding the
semiconductor device and the mounting board, such that
connection failures and damage to the semiconductor device will
occur.

[0014] Furthermore, if resin is used as the insulating layer,
the first insulating layer 65, on which the wiring pattern 67 is
formed, is covered with the second insulating layer 68
whereafter this is cured (baked) so as to harden the second
insulating layer 68. During the heating that is performed in the
step of forming the second insulating layer 68, gas is generated
in the first insulating layer 65, and the insulating layer expands
due to bubbles resulting from the gas, which leads to wire
breakage in the wiring pattern 67.

[0015]

[Problems to Be Solved by the Invention] The present
invention was made in light of the problems described above,
and thus is directed to providing a highly reliable chip-size
package type semiconductor device in which the connection
strength between the metal post and the wiring pattern is high
and the reliability of the electrical connection with the outside is
high, and in which the wiring pattern will not break even if gas is
generated in the insulating layer, and a method for
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manufacturing the same.

[0016]

[Means for Solving the Problems] In order to achieve the
aforementioned object, the present inventors undertook earnest
study and arrived at the present invention. That is to say, in
claim 1, the semiconductor device is characterized in that a first
insulating layer having substantially the same shape as a
passivation film is formed on the passivation film, which has
been formed on a semiconductor element, with an electrode,
which has been formed on the semiconductor element,
exposed; a wiring pattern, which is connected with the electrode
of the semiconductor element, is formed on the first insulating
layer; a metal post for external connection is formed on the
wiring pattern; a second insulating layer, which is in close
contact with the wiring pattern, is formed in a manner so as to
cover a side face of the metal post excluding a tip surface of the
metal post; resin sealing is performed with sealing resin in a
manner so as to expose the tip surface of the metal post; and an
external connection terminal is provided at the tip surface of the
metal post.

[0017] Furthermore, in claim 2, the semiconductor device
according to claim 1 is characterized in that the height of the
surface of the second insulating layer excluding the region of the
side face of the metal post is established at a position lower than
the tip surface of the metal post.

[0018] Furthermore, in claim 3, the semiconductor device
according to claim 1 or 2 is characterized in that the external
connection terminal is configured with an electroconductive
material provided on a surface of a support having a hollow part
which is opened to the outside.

[0019] Furthermore, in claim 4, the semiconductor device
according to claim 3 is characterized in that the support has a
cylindrical shape having a hollow part opened to the outside.

[0020] Furthermore, in claim 5, the semiconductor device
according to claim 1 or 2 is characterized in that the external
connection terminal is configured with an electroconductive
material provided on a surface of a cylindrical support having no
hollow part.

[0021] Furthermore, in claim 6, the semiconductor device
according to claim 3, 4 or 5 is characterized in that an
engineering plastic comprising a resin selected from polyimide,
polyamide imide, polyether imide, thermoplastic polyimide,
polyamide, polyacetal, polybutylene terephthalate, polyethylene
terephthalate, polystyrene, syndiotactic polystyrene,
polyphenylene sulfide, polyether ketone, liquid crystal polymer,
polyether nitrile, fluororesin, polycarbonate, modified
polyphenylene ether, polysulfone, polyethersulfone, and
polyarylate is used for the support comprised by the external
connection terminal.

[0022] Furthermore, in claim 7, the semiconductor device
according to claim 3, 4, 5 or 6 is characterized in that the
electroconductive material comprised by the external
connection terminal is selected from among the following (1) to
(3):

(1) a dispersion of graphite, carbon or metal fine particles;

(2) gold, silver, copper, aluminum or nickel alone, or an alloy
containing two or more of said metals; and

(3) a low melting point alloy having tin or lead as a principal
component.

[0023] Further, in claim 8, a method for manufacturing the
semiconductor device according to claim 1, 2, 3,4, 5,6 or 7 is
characterized by having, at least: a step of forming a first
insulating layer on a passivation film, which has been formed on
a semiconductor element in such a manner as to expose an
electrode formed on the semiconductor element, in such a
manner as to expose the electrode; a step of forming a wiring
pattern, which is connected with the electrode, on the first
insulating layer; a step of forming a metal post for external
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connection at a predetermined height, in a predetermined
position on the wiring pattern; a step of forming a second
insulating layer in which, after applying an insulating resin in a
manner so as to include the metal post, the insulating resin is
removed from the region of the tip surface of the metal post that
connects with the outside; a step of performing resin sealing with
sealing resin in a manner so as to expose the tip surface of the
metal post; and a step of providing an external connection
terminal at the tip surface of the metal post.

[0024] Furthermore, in claim 9, the method for
manufacturing a semiconductor device according to claim 8 is
characterized in that photolithography is used as a means for
removing the insulating resin from the region of tip surface of the
metal post that connects with the outside; and in claim 10, the
method for manufacturing a semiconductor device according to
claim 8 or 9 is characterized in that spin coating is used as a
means for applying an insulating resin serving as the second
insulating layer.

[0025] Furthermore, in claim 11, the method for
manufacturing a semiconductor device according to claim 8, 9
or 10 is characterized in that, after the semiconductor element
on which the second insulating layer has been formed has been
affixed to a cooling heatsink, resin sealing is performed on the
semiconductor element in a manner so as to expose the tip
surface of the metal post and the face of the cooling heatsink on
the side opposite to the face to which the semiconductor
element was affixed, whereafter, the external connection
terminal is mounted on the tip surface of the metal post.

[0026] Furthermore, in claim 12, the method for
manufacturing a semiconductor device according to claim 11 is
characterized in that, after batch forming a plurality of laid-out
semiconductor elements, up to the formation of the second
insulating layer, these are separated into individual
semiconductor elements by dicing, and subsequently affixed to
cooling heatsinks.

[0027]

[Modes of Embodiment of the Invention] Hereafter,
modes of embodiment of the present invention are described
based on the drawings. In the semiconductor device 1 (CSP) of
the present invention, as shown in FIG. 1, a first insulating layer
5, which has substantially the same shape as a passivation film
4, is formed on the passivation film 4, in a manner so as to
expose electrodes 3, which have been formed on a
semiconductor element 2. Then, a wiring pattern 7 (wiring layer)
that is connected with the electrodes 3 is formed on the first
insulating layer 5, and metal posts 9 for external connection,
having a height of approximately 3 ym to 50 ym, are formed at
predetermined positions on the wiring pattern 7. Next, a second
insulating layer 8 is formed, which is in close contact with the
wiring pattern 7 and the first insulating layer 5, and which
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covers the side face of the metal post 9 excluding the tip surface
of the metal post 9. Next, the semiconductor element is resin-
sealed with sealing resin 10 in a manner so as to expose the tip
surface of the metal post 9, and an external connection terminal
14 is provided on the metal post 9.

[0028] The structure of the semiconductor device 1 of the
present invention is such as to prioritize adhesion between the
second insulating layer 8 and the metal post 9 in the part of the
metal post 9 that is lower than the tip end (closer to the
semiconductor element). That is to say, the second insulating
layer 8 is formed in a manner so as to cover the side face of the
metal post 9 excluding the tip end part. As a result, the adhesion
between the second insulating layer 8 and the metal post 9 is
reinforced and, in conjunction therewith, the connection strength
between the metal post 9 and the wiring pattern 7 is also
improved, such that disconnection between the metal post 9 and
the wiring pattern 7 can be prevented.

[0029] Furthermore, as set forth in the foregoing claim 2, the
surface of the second insulating layer 8 is formed in a manner
so as be at a position lower than the tip surface of the metal post
9, so as not to present an obstacle when mounting the external
connection terminal 14 to the outside (for example, on a
mounting board).

[0030] In semiconductor devices such as CSPs and BGAs,
it is necessary to resin-seal the main components, including the
semiconductor element, for the purpose of improving the
reliability and ensuring the mechanical strength of the package.
As shown in FIG. 6, in an ordinary semiconductor device, a
metal post 69 having a height of, for example, approximately 3
pgm to 50 ym is formed, and an external connection terminal 74
is provided on the metal post 69; thus, considering the thickness
of the insulating layer 68 as well, the thickness of the
semiconductor device 61 after resin sealing will be
unnecessarily large. Furthermore, if the surface of the sealing
resin 70 is formed at a position that is higher than the tip surface
of the metal post 69, problems will arise when providing the
external connection terminal 74 by way of thermocompression
bonding (for example, soldering) or the like. Further, because
the second insulating layer 68 is made of a relatively expensive
material, forming the second insulating layer 68 thickly increases
the manufacturing cost of the semiconductor device and can be
said to be uneconomical. The present inventors propose to
optimize the height of the second insulating layer and the metal
post, for the purpose of improving the work characteristics in the
thermocompression bonding to the external connection terminal
and the like.

[0031] That is to say, as shown in FIG. 1, it is proposed that
the second insulating layer 8 be formed so that the height of the
second insulating layer 8, excluding the location where this
covers the side face of the metal post 9, is at a position lower
than the height of the tip surface of the metal post 9. This matter
will be explained below. As shown in FIG. 8 which is a partial
enlarged view of a conventional semiconductor device, if the
surface of the second insulating layer 68 is equal to or higher
than the height of the tip surface of the metal post 69, the height
of the surface of the sealing resin 70 that is formed on the
second insulating layer 68 will be higher than the tip surface of
the metal post 69. Therefore, even if one were to attempt to
provide the external connection terminal 74 (for example, a
solder ball) on the tip surface of the metal post 69, which is
exposed by way of the opening in the sealing resin 70, the
sealing resin 70 would get in the way, and gap would be formed
between the tip surface of the metal post 69 and the external
connection terminal 74 and the like, such that electrical
connection failures would occur between the metal post 69 and
the external connection terminal 74.

[0032] However, as shown in FIG. 7, which is a partial
enlarged view of the semiconductor device of the present
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invention, if the height of the second insulating layer 8, excluding
the location where this covers the side face of the metal post 9,
is lower than the height of the tip surface of the metal post 9, it
is possible to bring the surface of the sealing resin 10 and the
tip surface of the metal post 9 close to each other, such that the
sealing resin 10 does not get in the way, and thus, when
providing the external connection terminal 14, a gap will not be
formed between the tip surface of metal post 9 and the external
connection terminal 14, so that electrical connection failures
between the metal post 9 and the external connection terminal
14 can be prevented.

[0033] Here, there is no particular limitation on the material
used for the first insulating layer 5, so long as it has good heat
resistance and adhesion, and has no influence on the
semiconductor element 2, but as this touches the semiconductor
element 2, it is preferable that this be of a high purity.
Furthermore, a material with a low dielectric constant is
preferable, and polyimide can be said to be preferable from the
viewpoint of obtaining high purity, while from the point of view of
manufacturing, a photosensitive polyimide material or a
photosensitive polyimide siloxane composition or the like is
suitable. Furthermore, a lower coefficient of thermal expansion
is better, and those having a coefficient of thermal expansion of
approximately 60 ppm (60 x 10 exp-6 in/in/°C) or less are
desirable in practical terms.

[0034] Next, because the material of the second insulating
layer 8 does not directly touch the semiconductor element 2, a
resin having lower purity than that used for the first insulating
layer 5 may be used for the second insulating layer 8. For
example, in addition to the above-mentioned polyimides, an
epoxy resin, an acrylic resin, a silicone modified product of these
resins, or the like can be used.

[0035] Next, the material for the wiring pattern 7 is desirably
a material with good conductivity and, for example, copper, silver,
aluminum, alloys thereof, other metals that are good conductors
or the like can be used. If copper, silver, or the like is used as
the material for the wiring pattern 7, prior to the formation of the
wiring pattern 7, it is preferable to form a metal barrier layer 6
made of a TiW alloy, TiN, TaN, W, Cr or the like as an undercoat
layer, and then form the wiring pattern 7 on the metal barrier
layer 6.

[0036] Next, a characteristic of the semiconductor device 1
of the present invention, as shown in FIG. 1, is that an external
connection terminal 14 that makes an external electrical
connection (for example, to a mounting board) is placed at the
tip end of the metal post 9, the external connection terminal 14
being configured with an electroconductive material provided on
the surface of a support having a hollow part opened to the
outside. That is to say, this is characterized in that stress applied
to the semiconductor device due to the difference in the thermal
expansion coefficients between the mounting board and the
semiconductor device after mounting is mitigated by the external
connection terminal 14, in which the electroconductive material
16 is provided on the surface of the support 15 having the hollow
part opened to the outside, as shown in FIGS. 1, 2 and 3. Note
that FIG. 2 is a view, seen from the side, of one example of the
external connection terminal 14 according to the present
invention, and FIG. 3 is a sectional view in which a section at the
line A-A’ in FIG. 2 is seen from above (for example, seen from
the mounting board side).

[0037] The matters set forth above will be explained. As

SAMSUNG EXHIBIT 1006
Samsung v. Tessera



described above, when the semiconductor device 1 is mounted
on the mounting board, stress is caused in the semiconductor
device 1 as a result of the difference in the thermal expansion
coefficients between the semiconductor element 2, which is
formed of silicon or the like (for example, having a thermal
expansion coefficient of approximately 3 ppm) and the mounting
board (for example, a printed circuit board made of epoxy resin,
having a thermal expansion coefficient of approximately 40 to
200 ppm and exceeding 200 ppm at or above the Tg point).
Conventionally, when mounting a semiconductor device such as
a CSP, BGA or the like on a mounting board such as a printed
board, is was easy to form a solder ball having a diameter of, for
example, approximately 200 to 400 pm, as an external
connection terminal on a metal post, and bond this by
thermocompression to the mounting board, and this was in fact
performed.

[0038] However, stress produced by the difference in
thermal expansion coefficients acted on the solder ball, and
cracks in semiconductor device or the resin board, such as a
printed board, formed as a result of the stress, which was
transmitted by way of the solder ball, such that there was a
tendency for wires to break relatively easily within the
semiconductor device.

[0039] The present inventors conducted earnest study
directed to preventing this and, as a result, discovered that, if
the external connection terminal 14 is provided with a stress
mitigating function, the stress produced by the difference the
thermal expansion coefficients can be mitigated by the external
connection terminal 14, whereby it is possible to prevent cracks
and wire breakage from occurring in the semiconductor device
1. That is to say, in order to provide a stress mitigating function,
the external connection terminal 14 according to the present
invention has an electroconductive material 16 formed on the
surface of a hollow support 15. Because the hollow support 15
has a flexible structure, even if the mounting board that is
connected to the external connection terminal 14 repeatedly
thermally expands and contracts by a considerable amount, the
stress generated can be absorbed and thus mitigated.
Consequently, it is possible to prevent cracks from occurring,
and to prevent wire breakage due to cracks in the insulating
layer at the interface between and the sealing resin and the
external connection terminal 14.

[0040] Furthermore, it is preferable that the hollow part of the
support 15 is opened to the external atmosphere, and that the
air of the external atmosphere can freely enter and exit the
hollow part. This matter will be explained. As will be discussed
below, it is preferable to form the support 15 from a resin, but
resins readily absorb moisture, and resins containing water tend
to hydrolyze and be degraded. However, if the hollow part of the
support 15 is open to the external atmosphere and the air of the
external atmosphere can freely enter and exit the hollow part,
the water contained in the support 15 will be released to the
external atmosphere such that deterioration of the resin can be
prevented. Furthermore, if the hollow part of the support 15 is
opened to the external atmosphere, the water vapor resulting
from water in the support 15 evaporating, and the expanded air,
will be released to the external atmosphere when this is heated
during mounting, such that rupture of the support 15 can be
prevented. Further, even if heat is applied to the semiconductor
device after mounting, water in the support 15 will be released
to the external atmosphere, such that rupture and deterioration
of the support 15 can be prevented.

[0041] Here, the outer shape of the support may be a
cylindrical shape, a quadrangular prism shape, a hexagonal
prism shape, an octagonal prism shape, an abacus bead shape,
or the like, but if it is cylindrical, a self-alignment effect can be
expected due to the surface tension of the solder when the
solder is melted during soldering, and further considering the
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ready availability of materials, it can be said that a cylindrical
shape, such as shown in FIGS. 2 and 3, is preferable.
Furthermore, if the environment in which the semiconductor
device 1 is used has little thermal variation and the stress
generated between the semiconductor device 1 and the
mounting board is small, the shape of the support 15 may be a
cylinder that does not have a hollow part.

[0042] Generally, when these are mounted and electrically
connected to the outside (for example, to a mounting board),
semiconductor devices such as CSPs and BGAs are mounted
by thermocompression bonding with solder, a low melting point
alloy, an anisotropic conductive film or the like. For this reason,
the material for the support 15 comprised by the external
connection terminal 14 according to the present invention is
preferably a heat resistant engineering plastic. Here,
engineering plastic refers to plastic that is heat resistant at
100°C or more, has a strength of 49 MPa or more, and has a
flexural modulus of 2.4 Gpa or more. Materials satisfying the
aforementioned conditions include polyimide, polyamide imide,
polyether imide, thermoplastic polyimide, polyamide, polyacetal,
polybutylene terephthalate, polyethylene terephthalate,
polystyrene, syndiotactic polystyrene, polyphenylene sulfide,
polyether ketone, liquid crystal polymer, polyether nitrile,
fluororesin, polycarbonate, modified polyphenylene ether,
polysulfone, polyethersulfone, and polyarylate. Furthermore,
this may also be a polymer alloy of an engineering plastic.

[0043] Next, the semiconductor device 1 of the present
invention performs fixation and electrical connection with the
outside (for example, to a mounting board) by way of the
external connection terminal 14, and an electroconductive
material 16 is provided on the surface of the support 15
comprised by the external connection terminal 14. The
electroconductive material 16 must perform fixation with the
outside and allow for electrical connection with the outside.
Conductive materials 16 that satisfy such conditions are
preferably selected from among the following (1) to (3):

(1) a dispersion of graphite, carbon or metal fine particles;

(2) gold, silver, copper, aluminum or nickel alone, or an alloy
containing two or more of said metals; and

(3) a low melting point alloy having tin or lead as a principal
component.

[0044] Note that the low melting point alloys mentioned
above include those employing metals such as mercury, gallium,
or indium, but a solder alloy having tin or lead as a main
component is preferable from the viewpoint of manufacturing
costs and the like. Eutectic solder or high-melting point solder
with an increased lead ratio can suitably be used as the solder
alloy, and if necessary bismuth, cadmium, antimony, zinc,
manganese, indium, tin, silver and the like may be added. Note
that, in order to improve the adhesion between the support 15
and the electroconductive material 16, as shown in FIG. 2 and
FIG. 3, a bonding layer 17 may be formed on the surface of
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the support 15, prior to providing the conductive material 16
thereon.

[0045] As an example of the external connection terminal 14
according to the present invention, an example may be cited in
which a cylindrical polyimide having a hollow part and having an
outer diameter of 100 uym to 1000 pum is used as the support 15,
and a solder alloy having a thickness of several microns to
several tens of microns is bonded on the surface of the support
15 as an electroconductive material 16, so as to form the
external connection terminal 14. Prior to bonding the
electroconductive material 16 thereon, a bonding metal layer
may be formed on the surface of the tube, as a bonding layer 17.
Furthermore, the thickness of the electroconductive material 16
may be increased as necessary, and the length and diameter of
the support 15 may be appropriately established to suit the
specifications of the semiconductor device 1 and the like.

[0046] Next, in the claim 8 set forth above, a method for
manufacturing the semiconductor device 1 of the present
invention is proposed. That is to say, this is a method of
manufacturing a semiconductor device in which electrodes 3,
which provide electrical connections with the outside, and are
produced by way of a conventionally known manufacturing
method, are formed as shown in FIG. 4 (a), and which has at
least: a step of forming a first insulating layer 5, which has
substantially the same shape as a passivation film 4, on a
semiconductor element 2, on the surface of which the
passivation film 4 has been formed, in a manner so as to expose
the electrodes 3, and then forming a wiring pattern 7 having a
predetermined shape, which is connected with the electrodes 3,
on the first insulating layer 5, so as to produce state in FIG. 4
(b); a step of forming a metal post 9 for external connection, in
a predetermined position of the wiring pattern 7, at a
predetermined height (approximately 3 ym to 50 ym), so as to
produce FIG. 4 (c); a step of applying an insulating resin on the
first insulating layer 5 including the metal post 9, and then
removing the insulating resin from the tip region of the metal post
9 for connecting to the outside, so as to make the second
insulating layer 8 and produce the state in FIG. 4 (d); a step of
resin sealing with the sealing resin 10 so as to produce FIG. 4
(e); and a step of placing the external connection terminal 14 so
as to produce FIG. 4 (f). Note that, in the example in FIG. 4, prior
to forming the wiring pattern 7, the metal barrier layer 6 is formed
as an undercoat layer.

[0047] As described above, after the metal post 9 is formed,
the second insulating layer 8 is formed, using the insulating resin
that has been applied and formed, and at this time, this is formed
so that the height of the second insulating layer 8, excluding the
side face of the metal post 9, is such as to be a position that is
lower than the height of the tip surface of the metal post 9. For
this purpose, it is preferable to use a photolithography method,
in which a photosensitive insulating resin is used, and
application, pattern exposure, development and the like are
performed so as to remove the insulating resin in unnecessary
parts.

[0048] A known application means such as spin coating,
curtain coating, screen printing or slit-and-spin coating may be
used for applying the insulating resin that serves as the second
insulating layer 8. However, with a view to forming the height of
the second insulating layer 8 at a position that is lower than the
height of the tip surface of the metal post 9, excluding the side
face of the metal post 9, spin coating is preferable. That is to say,
if the insulating resin is applied by spin coating, after forming the
metal post 9, excess insulating resin will be removed to the
outside of the semiconductor element. Thus, by appropriately
setting the application conditions, it is possible to apply the
insulating resin with a film thickness that is less than the height
of the tip surface of the metal post 9 in regions excluding the
location of side-face of the metal post 9, and it is also possible
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to apply the insulating resin to the side face of the metal post 9.
Note that, with regard to the removal of the insulating resin
remaining on the tip surface of the metal post 9, in addition to
the photolithography method described above, this may be
selectively removed by laser, dry etching, reverse sputtering or
the like.

[0049] Next, a semiconductor device 1 having a cooling
heatsink 12 for cooling the semiconductor element 2 is
sometimes required. The invention according to claim 11
proposes a manufacturing method for a semiconductor device
having a cooling heatsink 12. Specifically, after affixing the
cooling heatsink 12 to the semiconductor element 2, which has
been formed up to the second insulating layer 8 shown in FIG.
4 (d), this is sealed with the sealing resin 10 in a manner so as
to expose the tip surface of the metal post 9 and the surface of
the cooling heatsink 12 on the face opposite to the face that is
affixed to the semiconductor element 2, so as to produce the
state of FIG. 4 (e). The method for manufacturing a
semiconductor device is characterized in that the external
connection terminal 14 is subsequently mounted on the tip
surface of the metal post 9, so as to produce the semiconductor
device 1 shown in FIG. 1 and FIG. 4 (f).

[0050] Next, in many cases, a plurality of semiconductor
elements 2 are formed laid out on a single planar silicon wafer.
The invention according to claim 12 proposes a manufacturing
method for producing individual semiconductor devices 1 from a
silicon wafer on which a plurality of semiconductor elements 2
have been formed laid out. That is to say, the method for
manufacturing a semiconductor device is characterized in that,
after batch forming the above-described second insulating layer
8 on a silicon wafer having a plurality of laid out semiconductor
elements 2, these are separated into individual semiconductor
elements 2 by dicing, whereafter a cooling heatsink 12 is affixed
to each of the separated individual semiconductor elements 2.

[0051]

[Embodiments] Hereafter, embodiments of the present
invention will be described with reference to the drawings.

<Embodiments> FIG. 4 (a) is a semiconductor element 2
produced by conventionally known means, which is incorporated
in a semiconductor device 1 of the present invention. Electrodes
3 made of aluminum are formed on the semiconductor element
2 with a silicon wafer as a substrate, and a passivation film 4 is
formed on the semiconductor element 2 in a manner so as to
expose the electrodes 3. Note that, in the present embodiment,
a plurality of semiconductor elements 2 are laid out on a single
silicon wafer, but for convenience of description, one
semiconductor element 2 from among these is shown.

[0052] Next, a photosensitive polyimide (trade name "Pimel",
made by Asahi Kasei Corp.) was applied to the semiconductor
element 2, whereafter a known photoetching method was used
to perform pattern exposure, development and the like, and a
first insulating layer 5 having a film thickness of approximately
10 um was formed, which exposed the electrodes 3. Next, a
2000 A thick TiN layer and a 5000 A thick Cu layer were
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sequentially laminated on the first insulating layer 5 by sputtering.

Next, a patterning process was performed on the TiN layer and
the Cu layer, using a known photoetching method, to produce a
wiring pattern 7, which is electrically connected to the electrode
3 (FIG. 4 (b)). Note that the TiN layer between the first insulating
layer 5 and the wiring pattern 7 is formed as a barrier metal layer
6.

[0053] Next, as shown in FIG. 4(c), a metal post 9 was
formed on the wiring pattern 7, whereafter photosensitive
polyimide (trade name "Pimel", made by Asahi Kasei Corp.) was
applied on the first insulating layer 5 by spin coating, whereafter
the excess polyimide was removed by photoetching, excluding
the top face [sic] and side face portions of the metal post 9, to

produce a second insulating layer 8 (FIG. 4(d)). As shown in FIG.

4(d), the second insulating layer 8 exposed the top face of the
metal post 9 and covered the side face of the metal post 9, and
at other locations the second insulating layer 8 was given a film
thickness of 10 um, so as to be lower than the top face of the
metal post 9. Note that a mask plating method is used for
forming the metal post 9, and the steps for the mask plating
method are described below. Specifically, after producing FIG. 4
(b), a photosensitive resist layer having a film thickness of 20
pm was formed on the first insulating layer 5 and the wiring
pattern 7, whereafter, using a known photoetching method, a
plating mask 13 was formed, in which the wiring pattern 7 was
exposed at the location where the metal posts were to be formed
(FIG. 5 (a)). Next, metal posts 9 made of copper (height 15 um)
were formed on the wiring pattern 7, which was exposed by the
plating mask 13, using an electrolytic plating method (FIG. 5 (d)
[sic]). Next, the plating mask 13 was peeled off producing that in
FIG. 4 (c).

[0054] Next, after producing 4(d), dicing was performed on
the silicon wafer on which the semiconductor elements 2 were
laid out, so as to divide this into individual semiconductor
elements 2, whereafter a heatsink 12 made of a Cu sheet was
affixed to the back face of the semiconductor element 2 (the side
opposite the face on which the semiconductor integrated circuit
has been formed). Next, resin molding was performed with the
sealing resin 10 in a manner so as to expose the top face of the
metal post 9 and the heatsink 12 (FIG. 4 (e)).

[0055] Next, the external connection terminal 14 was
provided on the metal post 9 to produce the semiconductor
device 1 (FIG. 4(f)). As shown in FIG. 2, the external connection
terminal 14 used in the present embodiment is one in which
eutectic solder is formed as the electroconductive material 16 on
the surface of the hollow support 15, which is made of
thermoplastic polyimide and is produced by the steps described
below. First, a hollow thermoplastic polyimide tube having an
inner diameter of 0.15 mm and a thickness of 50 ym was
purchased in a long format. Next, metallic chromium and copper
were sequentially laminated so as to form films on the tube
surface (outside surface). Metallic chromium and copper serve
as a bonding layer 17 when laminating the electroconductive
material, and the films were formed by spluttering so as to
produce a metallic chromium film thickness of 0.2 ym, and a
copper film thickness of 0.4 ym. After forming the bonding layer
17, a plating was formed with eutectic solder having a film
thickness of approximately 20 um, as the electroconductive
material 16. Next, after forming the eutectic solder, the long
thermoplastic polyimide tube was cut to individual lengths of
approximately 0.3 mm to produce the external connection
terminals 14 shown in FIG. 2 and FIG. 3.

[0056] The semiconductor device 1 produced in the present
embodiment was mounted on a printed board. The mounting
was performed by heated pressure bonding (soldering) at 220°C
for 8 seconds. At the time of this heated pressure bonding, the
external connection terminal 14 having the hollow support 15
described above absorbed the pressure applied during the
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heated pressure bonding, so that it could be mounted and
connected with less pressure than conventionally required. It is
of note that, in the semiconductor device 1 according to the
present embodiment, it was possible to mount and connect this
at a pressure that was approximately half of the pressure
required conventionally, this being approximately 5 grams at
each external connection terminal 14. Furthermore, even in
cases where there was variation in the thickness of the printed
board and the height of the metal post 9 such that these were
not uniform, because the hollow support 15 was easily deformed
during mounting, this lack of uniformity was absorbed, such that
mounting could be performed without connection failure
between the semiconductor device 1 and the printed board.

[0057] The printed board on which the semiconductor device
1 according to the present embodiment was mounted was
subjected to a temperature cycle test of -45°C to +125°C to
evaluate reliability, and no disconnections occurred even after a
1000 cycle test was performed.

[0058] Although embodiments of the present invention have
been described above, needless to say, the modes of
embodiment of the present invention are not limited to the
drawings and descriptions set forth above, and various
modifications may be made, based on the gist of the present
invention.

[0059] For example, in the description set forth above, an
example was illustrated in which the external connection
terminal according to the present invention is used for a CSP,
but the external connection terminal according to the present
invention may be formed in a semiconductor device such as a
BGA. Furthermore, sputtering was used to form the wiring
pattern 7 in the description set forth above, but vacuum
deposition, ion plating, CVD, sol-gel or the like can suitably be
used for the film formation method, and a suitable film formation
method may be selected depending on the configuration.
Further, the material and film thickness of the insulating layer,
the material and thickness of the electroconductive material, and
the material, diameter, length and the like of the support may be
appropriately selected according to the specifications of the
semiconductor device and the like.

[0060] Further, instead of chromium, a metal oxide, a metal
nitride, aluminum, or the like may be used for the bonding layer
formed between the support and the electroconductive material,
and instead of vacuum film formation such as sputtering, as the
means for forming the adhesive layer, activation treatment with
palladium, electroless plating of copper or nickel, electrolytic
plating or the like may be used. Still furthermore, the surface of
the support may be subjected to a surface treatment before
forming the film on the support, and as means therefor, etching
means such as plasma etching, ion etching or wet etching, or
alternatively sand blasting may be used.

[0061]

[Effects of the Invention] As set forth above, in the present
invention, the side face of the metal post 9 for external
connection is reinforced with the second insulating layer 8,
which improves the mechanical strength of the metal post 9, and
the second insulating layer 8 is formed only in necessary parts.
Therefore, the semiconductor device of the present invention is
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capable of reducing electrical connection failures caused by
thermal deformation and stress deformation. That is to say, by
virtue of the present invention, it is possible to produce a highly
reliable semiconductor device (CSP). Because the metal posts
9 comprised by the semiconductor device 1 of the present
invention are reinforced by the second insulating layer 8, they
have excellent mechanical strength and can also suitably be
used in flip-chip type semiconductor devices, build-up type
multilayer wiring boards and the like.

[0062] Further, when the second insulating layer 8 is formed,
spin coating is used, and for removal of unnecessary resin,
including at the upper parts of the metal posts 9, photoetching is
used. This makes it possible to form the surface of the second
insulating layer lower than the top face of the metal post,
excluding the side faces of the metal posts 9. This allows the
thickness of the semiconductor device 1 to be reduced, and
allows electrical connection failure between the external
connection terminal and the metal post caused by contact with
the sealing resin to be prevented.

[0063] Furthermore, the second insulating layer 8 is formed
in a manner so as to cover the wiring pattern 7 and to form a
region lower than the tip surfaces of the metal posts 9, excluding
the side faces of the metal posts 9. Thereby, when curing so as
to form the second insulating layer 8 (for example, when heating
is performed at 400°C for 1 hour in a high temperature oven),
even if residual gas is generated in the resin that constitutes the
first insulating layer 5, the residual gas will escape by way of the
location in the second insulating layer 8 where the film thickness
is low (region on the wiring pattern 7). Therefore, it is possible to
prevent wire breakage in the wiring pattern 7 due to the resin
part swelling because of bubbles caused by the residual gas.

[0064] Furthermore, if the heatsink 12 is attached to the back
face of the semiconductor element 2 after the second insulating
layer 8 is formed and [the wafer] is diced into individual pieces,
a semiconductor device 1 having excellent heat dissipation
properties can be obtained. Furthermore, since the resin sealing
is performed excluding the tip surface of the metal post 9, a
semiconductor device can be obtained in which the top face and
the side faces are protected by the sealing resin, which has
excellent airtightness and excellent reliability, and has no
package cracks or the like due to moisture absorption.

[0065] Further, in the semiconductor device 1 of the present
invention, the external connection terminal 14 comprises the
hollow support 15. That is to say, in the present invention, a
stress mitigating function is given to the external connection
terminal 14, which has a simple structure and is produced by a
simple manufacturing process. As a result, when the
semiconductor device 1 is mounted on the mounting board,
stress that is applied to the semiconductor device 1, due to the
difference in thermal expansion coefficients between the
semiconductor device 1 and the mounting board, is absorbed by
the external connection terminal 14 having the stress mitigating
function, allowing wire breakage and the like to be prevented,
such that it will be possible to provide a highly reliable
semiconductor device. With a conventional BGA, a stress
mitigating means known as an interposer or the like was
provided to mitigate the external forces applied to the device, but
this stress mitigating means was large, and thus there was a
limit on reductions in the size of the device. However, with the
semiconductor device 1 of the present invention, because stress
can be mitigated by the external connection terminal 14 having
a simple structure, it is possible to reduce the size of the device.
Furthermore, even in cases where the thickness of the printed
board and the height of the metal post 9 vary such that these are
not uniform, the external connection terminal 14 having the
stress mitigating function can be easily deformed during
mounting such that this lack of uniformity can be absorbed, and
thus it is possible to prevent connection failures due to variation
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and lack of uniformity in the thickness of the printed circuit board
and the height of the metal post.

[0066] Furthermore, by giving the support 15 comprised by
the external connection terminal 14, for example, a cylindrical
shape, having a hollow part opened to the outside, it is possible
to improve the reliability of electrical connection when mounting
the semiconductor device 1. That is to say, when moisture is
present in the support 15, this is released from the support 14
when heated during mounting, this moisture being a cause of
problems such as electrical connection failures. Further,
moisture in the support 15 leads to deterioration of the support
15. However, since the support 15 is hollow, moisture escapes
from the hollow part into the external atmosphere when heated,
such that it is possible to prevent electrical connection failures
or the like during mounting, and moisture in the support 15 is
released to the external atmosphere such that deterioration of
the support 15 can be prevented.

[0067]

[Brief Description of Drawings]

[FIG. 1] This is a sectional explanatory view, schematically
illustrating one embodiment of a semiconductor device of the
present invention.

[FIG. 2] This is an explanatory view illustrating one example
of an external connection terminal according to the present
invention.

[FIG. 3] This is a sectional explanatory view illustrating one
example of an external connection terminal according to the
present invention.

[FIG. 4] (a) to (f) are sectional explanatory views illustrating
one example of a method of manufacturing a semiconductor
device of the present invention in the order of the steps.

[FIG. 5] (a) to (b) are sectional explanatory views illustrating
one example of a method of forming the metal post in the order
of the steps.

[FIG. 6] This is a sectional explanatory view, schematically
illustrating one example of a conventional semiconductor device.

[FIG. 7] This is an enlarged explanatory view, schematically
illustrating one example of main components of a semiconductor
device of the present invention.

[FIG. 8] This is an enlarged explanatory view showing an
example of connection failure in a conventional semiconductor
device.

[Explanation of the Symbols]

1,61 semiconductor device

2,62 semiconductor element

3,63 electrode

4,64 passivation film

5,65 firstinsulating layer

6,66 barrier layer

7,67 wiring pattern

8,68 second insulating layer

9,69 metal post

10, 70 sealing resin

11, 71 solder ball

12 heatsink

13 plating mask

14, 74 external connection terminal

15 support
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