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(57) Abstract: A semiconductor apparatus includes a multilayer interposer substrate including a power layer as an inner layer; a
plurality of connection terminals provided on one surface of the interposer substrate; and a semiconductor chip mounted on the
other surface of the interposer substrate. Among power terminals, ground terminals, and signal terminals provided in the semicon-
ductor apparatus, all the power terminals are arranged in one power area and the power area includes only the power terminals.
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Description

Title of Invention: SEMICONDUCTOR APPARATUS
Technical Field

The present invention relates to the structure of a semiconductor apparatus having a
semiconductor integrated circuit installed therein.
Background Art

Semiconductor integrated circuits (hereinafter referred to as semiconductor chips)
typified by application specific integrated circuits (ASICs) each include a core circuit
that processes signals, an input-output circuit that inputs and outputs signals from and
to an external circuit, a power supply, and a ground input circuit (GND input circuit).
The power supply and the GND input circuit are used by the core circuit and the input-
output circuit.

In a typical semiconductor apparatus, the semiconductor chip is installed in a
member called a package. Mounting the package having the semiconductor chip
installed therein on a print circuit board causes the signal input-output circuit, the
power supply, and the GND input circuit in the semiconductor chip to be connected to
the print circuit board.

There are many types of packages. When a semiconductor chip having 100 or more
input-output terminals is used, for example, a ball grid array (BGA) package is often
used. The package such as the BGA package includes a substrate called an interposer
and the semiconductor chip is installed on the interposer. The interposer has signal,
power, and GND patterns that are wired. The semiconductor chip is connected to the
input-output terminals via the wiring.

Since multiple power supplies and multiple GND input circuits for the signal input-
output and the core circuit exist in each semiconductor chip in recent years, multiple
power patterns and multiple ground patterns exit on the interposer substrate. Ac-
cordingly, various measures have been heretofore adopted in order to stabilize the
power supply and the grounding.

A method is known in which the power patterns are caused to oppose the GND
patterns on the interposer substrate to produce capacitive components between the
power patterns and the GND patterns in order to stabilize the power supply and the
grounding. USP No. 6999299 discloses a technology in which a power plane is divided
from a GND plane in the inner layer of the interposer substrate and the power
terminals and the GND terminals are alternately arranged to ensure the capacitance.

The current consumption in the semiconductor chip is increased due to minia-

turization of a semiconductor process to cause a problem of reduction in direct current
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(DC) voltage and/or electromigration. Accordingly, it is necessary to build a structure
capable of keeping lower impedance and causing a large amount of current to flow by
decreasing the resistances of the power patterns and the GND patterns in the semi-

conductor apparatus and the print circuit board.
In addition, the increase in the current consumption in the semiconductor chip

promotes use of many power supplies in the semiconductor chip. For example, the
power supply of the semiconductor chip is divided into multiple power supplies to stop
some of the circuits during the operation or to supply lower voltage to circuits having
lower operation frequencies. Consequently, the power patterns and the GND patterns
in the semiconductor apparatus are required to have a structure that is easy to support
the many power supplies in the semiconductor chip. However, many via holes for
different voltages exist in the respective power and GND areas (for example, many
GND via holes and many power via holes for different voltages exist in the power
area) in the method in the related art, typified by the technology disclosed in USP No.
6999299, in which many via holes for the power supply and the grounding are closely
arranged. Accordingly, the effective resistance is practically increased due to the many
through holes even if the plane shape is adopted in order to reduce the resistance to

prevent the impedance from being kept at a lower value.
Citation List

Patent Literature
PTL 1: USP No. 6999299
Summary of Invention

The present invention provides a semiconductor apparatus that is capable of keeping
lower resistance and lower impedance of power and GND patterns and that has large
permissible current. The present invention also provides a semiconductor apparatus
capable of easily forming the power and GND patterns supporting the semiconductor
chip having many power supplies.

According to an embodiment of the present invention, a semiconductor apparatus
includes a semiconductor chip mounted on an interposer substrate having multiple
connection terminals provided thereon. The interposer substrate is a multilayer
substrate including a power layer as an inner layer. The multiple connection terminals
include power terminals, ground terminals, and signal terminals. The power terminals
are arranged in one power area and the power area includes only the power terminals.

According to another embodiment of the present invention, a semiconductor
apparatus includes a semiconductor chip mounted on an interposer substrate having
multiple connection terminals provided thereon. The interposer substrate is a

multilayer substrate including a power layer as an inner layer. The multiple connection
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terminals include at least two kinds of power terminals, ground terminals, and signal
terminals. Among the power terminals, the power terminals of the same kind are
arranged in the same power area and each power area includes only the power

terminals of the same kind.
Further features of the present invention will become apparent from the following de-

scription of exemplary embodiments with reference to the attached drawings.
Brief Description of Drawings
[fig.1]Fig. 1 is a cross-sectional view of a semiconductor apparatus according to a first
embodiment of the present invention.
[fig.2A]Fig. 2A is a plan view of the respective layers of an interposer substrate of the
semiconductor apparatus according to the first embodiment of the present invention.
[fig.2B]Fig. 2B is a plan view of the respective layers of an interposer substrate of the
semiconductor apparatus according to the first embodiment of the present invention.
[fig.2C]Fig. 2C is a plan view of the respective layers of an interposer substrate of the
semiconductor apparatus according to the first embodiment of the present invention.
[fig.2D]Fig. 2D is a plan view of the respective layers of an interposer substrate of the
semiconductor apparatus according to the first embodiment of the present invention.
[fig.3A]Fig. 3A is a plan view of the respective layers of an interposer substrate of a
semiconductor apparatus according to a second embodiment of the present invention.
[fig.3B]Fig. 3B is a plan view of the respective layers of an interposer substrate of a
semiconductor apparatus according to a second embodiment of the present invention.
[fig.3C]Fig. 3C is a plan view of the respective layers of an interposer substrate of a
semiconductor apparatus according to a second embodiment of the present invention.
[fig.3D]Fig. 3D is a plan view of the respective layers of an interposer substrate of a
semiconductor apparatus according to a second embodiment of the present invention.
[fig.4A]Fig. 4A is a plan view of a connection terminal face of a semiconductor
apparatus in related art.
[fig.4B]Fig. 4B is a plan view of a power layer of the semiconductor apparatus in the
related art.
Description of Embodiments

Embodiments of the present invention will herein be described with reference to the
attached drawings.
First Embodiment

A first embodiment of the present invention will now be described with reference to
Fig. 1 and Figs. 2A to 2D. Fig. 1 is a cross-sectional view of a semiconductor
apparatus according to the first embodiment of the present invention. Referring to Fig.

1, a semiconductor apparatus 10 includes a semiconductor chip 1, an interposer
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substrate 2, connection terminals 3, and sealing resin 4. The interposer substrate 2 is a
multilayer substrate that includes a connection terminal face 2a and a semiconductor
chip mounting face 2b as surface layers and a power layer 2¢ and a ground (GND)
layer 2d as inner layers. The semiconductor chip 1 is connected to a power pattern, a
GND pattern, and a signal pattern (not shown) formed on the semiconductor chip
mounting face 2b. The power pattern, the GND pattern, and the signal pattern are led
to the connection terminal face 2a through through holes 5 to be connected to the cor-
responding connection terminals 3. One kind of power source is used in the semi-
conductor apparatus 10 in Fig. 1. The arrangement order of the power layer 2¢ and the
GND layer 2d may be reversed.

Fig. 2A is a plan view of the connection terminal face 2a of the semiconductor
apparatus 10. Referring to Fig. 2A, the connection terminal face 2a has power
terminals 101 through which power is supplied to the semiconductor chip 1, ground
terminals (GND terminals) 102 through which the semiconductor chip 1 is grounded,
and signal terminals 103 through which various signals are supplied to the semi-
conductor chip 1. All the power terminals 101 are arranged in a power area 111 and the
power area 111 includes only the power terminals 101. All the GND terminals 102 are
arranged in a ground area (GND area) 112 and the GND area 112 includes only the
GND terminals 102.

Fig. 2B is a plan view of the GND layer 2d of the semiconductor apparatus 10.
Referring to Fig. 2B, the GND layer 2d has a GND pattern 122 formed thereon, which
is connected to the GND terminals 102 and a GND pattern 132 described below via
through holes 152. Power through holes and signal through holes other than the
through holes 152 are not illustrated in Fig. 2B for convenience.

Fig. 2C is a plan view of the power layer 2c¢ of the semiconductor apparatus 10.
Referring to Fig. 2C, the power layer 2c has a power pattern 121 formed thereon,
which is connected to the power terminals 101 and a power pattern 131 described
below via through holes 151. GND through holes and signal through holes other than
the through holes 151 are not illustrated in Fig. 2C for convenience.

Fig. 2D is a plane view of the semiconductor chip mounting face 2b of the semi-
conductor apparatus 10. The semiconductor chip 1 is represented by using a dotted line
and the through holes are not illustrated in Fig. 2D for convenience. Referring to Fig.
2D, the semiconductor chip mounting face 2b has the power pattern 131, a connection
power pattern 11, the GND pattern 132, and a GND power pattern 12 formed thereon.
The power pattern 131 is connected to the power terminals 101 and the power pattern
121 via the through holes 151. The connection power pattern 11 is provided in the
semiconductor chip 1 and is connected to the power pattern 131 by wire bonding (not
shown). The GND pattern 132 is connected to the GND terminals 102 and the GND
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pattern 122 via the through holes 152. The GND power pattern 12 is provided in the
semiconductor chip 1 and is connected to the GND pattern 132 by the wire bonding
(not shown).

In the first embodiment described above, the GND through holes and the signal
through holes are not formed in the power pattern 121. Accordingly, since the re-
sistance of the power pattern 121 can be decreased and the impedance thereof can be
kept at a lower value, it is possible to stably supply the power even if a large amount of
current flows through the power pattern 121. In addition, the power through holes and
the signal through holes are not formed in the GND pattern 122. Accordingly, since the
resistance of the GND pattern 122 can be decreased and the impedance thereof can be
kept at a lower value, it is possible to be stably grounded even if a large amount of
current flows through the GND pattern 122.

It is preferred that a bypass capacitor (not shown) be arranged in a boundary between
the power area 111 and the GND area 112 in the first embodiment. Although the power
terminals 101 and the GND terminals 102 are collected in the power area 111 and the
GND area 112, respectively, the GND terminals 102 are not necessarily included in
one GND area 112 and the GND terminals 102 may be dispersed in multiple areas.
Second Embodiment

A second embodiment of the present invention will now be described with reference
to Figs. 3A to 3D. Since the cross-sectional view of a semiconductor apparatus used in
the second embodiment is the same as that of the semiconductor apparatus 10 in the
first embodiment, the same reference numerals as those in the first embodiment are
used in the second embodiment. The second embodiment differs from the first em-
bodiment in the shapes of the connection terminal face 2a and the semiconductor chip
mounting face 2b of the interposer substrate 2. Four kinds of power supplies are used
in the semiconductor apparatus in the second embodiment.

Fig. 3A is a plan view of the connection terminal face 2a of the semiconductor
apparatus 10. Referring to Fig. 3A, the connection terminal face 2a has first power
terminals 201 through which power is supplied to the semiconductor chip 1, second
power terminals 202, third power terminals 203, four power terminals 204, GND
terminals 205 through which the semiconductor chip 1 is grounded, and signal
terminals 206 through which various signals are supplied to the semiconductor chip 1.

All the first power terminals 201 are arranged in a first power area 211 and the first
power area 211 includes only the first power terminals 201. Similarly, the second
power terminals 202 are arranged in a second power area 212 and the second power
area 212 includes only the second power terminals 202. The third power terminals 203
are arranged in a third power area 213 and the third power area 213 includes only the

third power terminals 203. The four power terminals 204 are arranged in a fourth



WO 2011/058718 PCT/JP2010/006472

[0026]

[0027]

[0028]

[0029]

[0030]

power area 214 and the fourth power area 214 includes only the four power terminals
204.

All the GND terminals 205 are arranged in a GND area 215 and the GND area 215
includes only the GND terminals 205. The GND area 215 is formed so as to be
adjacent to all of the first power area 211, the second power area 212, the third power
area 213, and the fourth power area 214. The GND area 215 is formed in a plus shape
in Fig. 3A.

Fig. 3B is a plan view of the GND layer 2d of the semiconductor apparatus 10.
Referring to Fig. 3B, the GND layer 2d has a GND pattern 225, which is connected to
the GND terminals 205 and a GND pattern 235 described below via through holes 255.
Power through holes and signal through holes other than the through holes 255 are not
illustrated in Fig. 3B for convenience.

Fig. 3C is a plan view of the power layer 2c of the semiconductor apparatus 10.
Referring to Fig. 3C, the power layer 2c has a first power pattern 221, a second power
pattern 222, a third power pattern 223, and a fourth power pattern 224. The first power
pattern 221 is connected to the first power terminals 201 and a first power pattern 231
described below via through holes 251. The second power pattern 222 is connected to
the second power terminals 202 and a second power pattern 232 described below via
through holes 252. The third power pattern 223 is connected to the third power
terminals 203 and a third power pattern 233 described below via through holes 253.
The fourth power pattern 224 is connected to the four power terminals 204 and a fourth
power pattern 234 described below via through holes 254. GND through holes and
signal through holes other than the through holes 252, 252, 253, and 254 are not 1il-
lustrated in Fig. 3C for convenience.

Fig. 3D is a plan view of the semiconductor chip mounting face 2b of the semi-
conductor apparatus 10. The semiconductor chip 1 is represented by using a dotted line
and the through holes are not illustrated in Fig. 3D for convenience. Referring to Fig.
3D, reference numeral 231 denotes the first power pattern on the semiconductor chip
mounting face 2b and is connected to the first power terminals 201 and the first power
pattern 221 via the through holes 251 described above. Reference numeral 21 denotes a
first connection power pattern provided in the semiconductor chip 1 and is connected
to the first power pattern 231 by wire bonding (not shown).

Reference numeral 232 denotes the second power pattern on the semiconductor chip
mounting face 2b and is connected to the second power terminals 202 and the second
power pattern 222 via the through holes 252 described above. Reference numeral 22
denotes a second connection power pattern provided in the semiconductor chip 1 and is
connected to the second power pattern 232 by the wire bonding (not shown). Reference

numeral 233 denotes the third power pattern on the semiconductor chip mounting face
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2b and is connected to the third power terminals 203 and the third power pattern 223
via the through holes 253 described above. Reference numeral 23 denotes a third
connection power pattern provided in the semiconductor chip 1 and is connected to the
third power pattern 233 by the wire bonding (not shown). Reference numeral 234
denotes the fourth power pattern on the semiconductor chip mounting face 2b and is
connected to the four power terminals 204 and the fourth power pattern 224 via the
through holes 254 described above. Reference numeral 24 denotes a fourth connection
power pattern provided in the semiconductor chip 1 and is connected to the fourth
power pattern 234 by the wire boding (not shown).

Reference numeral 235 denotes the GND pattern on the semiconductor chip
mounting face 2b and is connected to the GND terminals 205 and the GND pattern 225
via the through holes 255 described above. Reference numeral 25 denotes a GND
power pattern provided in the semiconductor chip 1 and is connected to the GND
pattern 235 by the wire bonding (not shown).

In the second embodiment described above, other power through holes, GND
through holes, and signal through holes are not formed in the first power pattern 221,
the second power pattern 222, the third power pattern 223, and the fourth power
pattern 224. Accordingly, since the resistances of the first to fourth power patterns 221
to 224 can be decreased and the impedances thereof can be kept at lower values, it is
possible to stably supply the power even if a large amount of current flows through the
first to fourth power patterns 221 to 224.

In addition, the power through holes and the signal through holes are not formed in
the GND pattern 225. Accordingly, since the resistance of the GND pattern 225 can be
decreased and the impedance thereof can be kept at a lower value, it is possible to be
stably grounded even if a large amount of current flows through the GND pattern 225.

It is preferred that a bypass capacitor (not shown) be arranged in a boundary between
the first to fourth power areas 211 to 214 and the GND area 215 in the second em-
bodiment. The GND terminals 205 are not necessarily included in one GND area 215
and the GND terminals 205 may be dispersed in multiple areas.

Although the through holes are formed for all the power terminals in the second em-
bodiment, it is not necessarily establish the one-to-one correspondence between the
power terminals and the through holes. The number of the through holes can be varied
depending on the design. A smaller number of through holes allows the area of the
power patterns to be expanded to more stably supply the power.

The through holes are not necessarily essential and non-through via holes may be
used depending on the design. The use of the non-through via holes allows the area of
the power patterns to be expanded to more stably supply the power.

Instead of the wire bonding semiconductor chip, a flip-flop semiconductor chip may
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be used. The use of the wire bonding semiconductor chip allows the area of the power
patterns to be further expanded to more stably supply the power.

Although the case in which four kinds of power supplies are used is described in the
second embodiment, the present invention is not limited to this case. A similar method
can be used to support at least two kinds of power supplies. For example, the power
supplies having different voltages or the power supplies that have the same voltage but
are separated from each other due to noise interference or the like (for example, analog
power supplies and digital power supplies) may be used.

Comparative Example

A comparative example of the present invention will now be described with
reference to Figs. 4A and 4B. Since the cross-sectional view of a semiconductor
apparatus used in the comparative example is the same as that of the semiconductor
apparatus 10 in the first embodiment, the same reference numerals as those in the first
embodiment are used in the comparative example. Four kinds of power supplies are
used in the semiconductor apparatus in the comparative example.

Fig. 4A is a plan view of the connection terminal face 2a of a semiconductor
apparatus 1000. The semiconductor apparatus 1000 has first power terminals 1001
through which power is supplied to the semiconductor chip 1, second power terminals
1002, third power terminals 1003, fourth power terminals 1004, GND terminals 1005
through which the semiconductor chip 1 is grounded, and signal terminals 1006
through which various signals are supplied to the semiconductor chip 1. Since the
power terminals are normally close to the GND terminals in the related art, the re-
spective power terminals and the GND terminals are alternately arranged.

Fig. 4B is a plan view of the power layer 2c¢ of the semiconductor apparatus 1000.
The power layer 2c¢ has a first power pattern 1011, a second power pattern 1012, a third
power pattern 1013, a fourth power pattern 1014, through holes 1051, through holes
1052, through holes 1053, through holes 1054, and GND through holes 1055. The first
power pattern 1011 is connected to the first power terminals 1001 and the semi-
conductor apparatus 1000 via the through holes 1051. The second power pattern 1012
is connected to the second power terminals 1002 and the semiconductor apparatus
1000 via the through holes 1052. The third power pattern 1013 is connected to the
third power terminals 1003 and the semiconductor apparatus 1000 via the through
holes 1053. The fourth power pattern 1014 is connected to the fourth power terminals
1004 and the semiconductor apparatus 1000 via the through holes 1054. GND through
holes and signal through holes formed in the areas other than the first to fourth power
patterns 1011 to 1014 are not illustrated in Fig. 4B for convenience.

Since the power terminals are arranged closely to the GND terminals in the semi-

conductor apparatus in the related art, as shown in Figs. 4A and 4B, many holes
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including other power through holes, the GND through holes 1055, and other signal
through holes exit in the semiconductor apparatus. As a result, the effective resistance
of the power structure is increased and the amount of permissible current is decreased
despite the fact that a larger area is allocated to the power structure in order to keep the
impedance at a lower value.

Since the power through holes having different voltages, the GND through holes, and
the signal through holes do not exit in the power planes having the same voltage in the
interposer substrate in the embodiments of the present invention, the area of the power
structure can be increased. Consequently, it is possible to lower the resistance of the
power structure and to increase the amount of permissible current.

While the present invention has been described with reference to exemplary em-
bodiments, it is to be understood that the invention is not limited to the disclosed
exemplary embodiments. The scope of the following claims is to be accorded the
broadest interpretation so as to encompass all such modifications and equivalent
structures and functions.

This application claims the benefit of Japanese Patent Application No. 2009-258195
filed November 11, 2009 and No. 2010-240054 filed October 26, 2010, which are

hereby incorporated by reference herein in their entirety.
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Claims

A semiconductor apparatus comprising:

a multilayer interposer substrate including a power layer as an inner
layer;

a plurality of connection terminals provided on one surface of the in-
terposer substrate; and

a semiconductor chip mounted on the other surface of the interposer
substrate,

wherein the plurality of connection terminals include power terminals,
ground terminals, and signal terminals,

wherein the power terminals are connected to a power pattern on the
power layer and the semiconductor chip via power through holes,
wherein the ground terminals are connected to the semiconductor chip
via ground through holes,

wherein the signal terminals are connected to the semiconductor chip
via signal through holes, and

wherein all the through holes formed in the power pattern on the power
layer are the power through holes connected to the power pattern.

The semiconductor apparatus according to Claim 1,

wherein a ground layer is further provided as an inner layer of the in-
terposer substrate, the ground terminals are connected to a ground
pattern provided on the ground layer and the semiconductor chip via
the ground through holes, and all the through holes formed in the
ground pattern are the ground through holes connected to the ground
pattern.

The semiconductor apparatus according to Claim 2,

wherein the ground pattern is arranged so as to be adjacent to the power
pattern.

A semiconductor apparatus comprising:

a multilayer interposer substrate including a power layer as an inner
layer;

a plurality of connection terminals provided on one surface of the in-
terposer substrate; and

a semiconductor chip mounted on the other surface of the interposer
substrate,

wherein the plurality of connection terminals include power terminals

through which power is supplied from at least two kinds of power
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supplies, ground terminals, and signal terminals,
wherein the power terminals are connected to power patterns composed
of at least two areas on the power layer and the semiconductor chip via
power through holes,
wherein the ground terminals are connected to the semiconductor chip
via ground through holes,
wherein the signal terminals are connected to the semiconductor chip
via signal through holes, and
wherein all the through holes formed in the respective power patterns
on the power layer are the power through holes connected to the re-
spective power patterns.

[Claim 5] The semiconductor apparatus according to Claim 4,
wherein a ground layer is further provided as an inner layer of the in-
terposer substrate, the ground terminals are connected to a ground
pattern provided on the ground layer and the semiconductor chip via
the ground through holes, and all the through holes formed in the
ground pattern are the ground through holes connected to the ground
pattern.

[Claim 6] The semiconductor apparatus according to Claim 5,
wherein the ground pattern is arranged so as to be adjacent to all the
power patterns.

[Claim 7] The semiconductor apparatus according to Claim 4,
wherein the at least two kinds of power supplies have different

voltages.
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[Fig. 2C]

[Fig. 2D]

[Fig. 3A]
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