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(54) Semiconductor package and stacked semiconductor package

(57) Provided is a semiconductor package including
a printed wiring board (101) and a semiconductor chip
(102) that has a first signal terminal (103a) and a second
signal terminal (103b) and is mounted on the printed wir-
ing board (101). The printed wiring board (101) has a first
land (131a) and a second land (131b) for solder joining,
which are formed on a surface layer thereof. Further, the
printed wiring board (101) has a first wiring (141a) for
electrically connecting the first signal terminal (103a) of

the semiconductor chip (102) and the first land (131a),
and a second wiring (141b) for electrically connecting the
second signal terminal (103b) of the semiconductor chip
(102) and the second land (131b). The second wiring
(141b) is formed so that the wiring length thereof is larger
than that of the first wiring (141a). The second land (131b)
is formed so that the surface area thereof is larger than
that of the first land (131a). This reduces difference in
transmission line characteristics due to the difference in
wiring length.
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Description

BACKGROUND OF THE INVENTION

Field of the Invention

[0001] The present invention relates to a semiconductor package that includes a printed wiring board having a sem-
iconductor element mounted thereon, and to a stacked semiconductor package having a package on package (PoP)
structure.

Description of the Related Art

[0002] As one form of a semiconductor package, a stacked semiconductor package having a PoP structure is known
(see Japanese Patent Application Laid-Open No. 2011-14757). This is a structure in which an upper semiconductor
package (for example, a package having a DDR memory mounted thereon) is stacked on a lower semiconductor package
(for example, a package having a system LSI mounted thereon).
[0003] The upper semiconductor package includes an upper semiconductor chip as a semiconductor element, and
an upper printed wiring board having the upper semiconductor chip mounted thereon. The lower semiconductor package
includes a lower semiconductor chip as a semiconductor element, and a lower printed wiring board having the lower
semiconductor chip mounted thereon. Communication between the lower semiconductor chip and the upper semicon-
ductor chip is made through transmission lines formed by solder joining lands  of the lower printed wiring board and
lands of the upper printed wiring board.
[0004] Generally, communication between semiconductor chips requires multiple transmission lines. As an example,
when 8-bit communication is made between a system LSI and a DDR memory, eight bus wirings DQ[0] to DQ[7] for
transmitting data signals and two differential signal wirings DQS and /DQS for transmitting strobe signals are necessary.
In recent years, the system is more sophisticated in functionality, and the number of the transmission lines used for
communication between the upper and lower semiconductor chips is far above 100.
[0005] Communication signals between semiconductor elements are required to be synchronized with each other to
some extent so that malfunction does not occur. In order to ensure the synchronization, bus circuits or differential circuits
provided in a semiconductor element are formed so as to have the same circuit characteristics. In addition, the bus
wirings or the differential signal wirings as the transmission lines are required to have the same transmission line
characteristics. In recent years, as the system becomes more sophisticated in functionality, signal speed is enhanced,
and allowable synchronization becomes stricter.
[0006] However, the length of a wiring that extends from a signal terminal of the semiconductor element to a land
varies depending on the position of the land, and thus, the  length of the wiring varies, and, due to difference in parasitic
inductance caused thereby, the transmission line characteristics vary. If the transmission line characteristics vary among
wirings, in a semiconductor element on a signal receiving side, the waveform varies among multiple signals, and thus,
it is difficult to ensure synchronization of the signals.

SUMMARY OF THE INVENTION

[0007] Accordingly, an object of the present invention is to reduce difference in transmission line characteristics due
to difference in wiring length.
[0008] According to one aspect of the present invention, there is provided a stacked semiconductor package, including:
a first semiconductor package including: a first semiconductor element having a first signal terminal and a second signal
terminal; and a first wiring board having the first semiconductor element mounted on one surface thereof, and having
multiple lands for external connection formed on another surface thereof, the multiple lands for external connection being
electrically connected to an outside, the one surface of the first wiring board having provided thereon: a first land and a
second land for solder joining; a first wiring for electrically connecting the first signal terminal and the first land; and a
second wiring for electrically connecting the second signal terminal and the second land; a second semiconductor
package stacked on the  first semiconductor package, the second semiconductor package including: a second semi-
conductor element; and a second wiring board having the second semiconductor element mounted on one surface
thereof, and having a third land for connection and a fourth land for connection formed on another surface thereof, the
third land for connection and the fourth land for connection being electrically connected to the first land for connection
and the second land for connection provided on the first wiring board, respectively; and a solder joint portion for electrically
connecting together the first land for connection on the first wiring board and the third land for connection on the second
wiring board, and electrically connecting together the second land for connection on the first wiring board and the fourth
land for connection on the second wiring board, in which a length of the second wiring is larger than a length of the first
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wiring, and a surface area of the second land is larger than a surface area of the first land.
[0009] According to the present invention, a parasitic capacitance generated at the second land is larger than a parasitic
capacitance generated at the first land, and thus, difference in transmission line characteristics due to difference in wiring
length can be reduced to ensure synchronization of signals transmitted through the wirings.
[0010] Further features of the present invention will become apparent from the following description of exemplary
embodiments with reference to the attached drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

[0011] FIG. 1 is a sectional view of a printed circuit board according to a first embodiment of the present invention.
[0012] FIG. 2 is a plan view illustrating a surface layer of a lower interposer according to the first embodiment of the
present invention.
[0013] FIG. 3 is an equivalent circuit diagram of a first transmission line and a second transmission line according to
the first embodiment of the present invention.
[0014] FIG. 4 is a sectional view of a principal part of a stacked semiconductor package according to a second
embodiment of the present invention.
[0015] FIG. 5 is a graph showing difference in characteristics between the first transmission line and the second
transmission line.
[0016] FIG. 6 is a plan view illustrating a surface layer of a lower interposer in Comparative Example.

DESCRIPTION OF THE EMBODIMENTS

[0017] Embodiments of the present invention are described in detail in the following with reference to the attached
drawings.
[0018] (First Embodiment)
[0019] FIG. 1 is a sectional view illustrating a  schematic structure of a printed circuit board including a stacked
semiconductor package according to a first embodiment of the present invention. A printed circuit board 500 includes
a stacked semiconductor package 300 and a motherboard 400 having the stacked semiconductor package 300 mounted
thereon. The stacked semiconductor package 300 and the motherboard 400 are joined together by multiple lower solder
balls 320.
[0020] The stacked semiconductor package 300 is a stacked semiconductor package having a PoP structure. The
stacked semiconductor package 300 includes a lower semiconductor package 100 as a first semiconductor package
and an upper semiconductor package 200 as a second semiconductor package that is stacked on the lower semiconductor
package 100. The lower semiconductor package 100 and the upper semiconductor package 200 are joined together by
multiple upper solder balls 310.
[0021] The lower semiconductor package 100 includes a lower interposer 101 as a first printed wiring board and a
lower semiconductor chip 102 as a first semiconductor element that is mounted on the lower interposer 101. The lower
interposer 101 is formed into the shape of a rectangle (for example, into the shape of a square) as seen from a direction
perpendicular to the plane of the lower interposer 101. The lower semiconductor chip 102 is also formed into the shape
of a rectangle (for example, into the shape of a square) as seen from a direction perpendicular  to the plane of the lower
semiconductor chip 102.
[0022] The upper semiconductor package 200 includes an upper interposer 201 as a second printed wiring board and
an upper semiconductor chip 202 as a second semiconductor element that is mounted on the upper interposer 201. The
upper interposer 201 is formed into the shape of a rectangle (for example, into the shape of a square) as seen from a
direction perpendicular to the plane of the upper interposer 201. The upper semiconductor chip 202 is also formed into
the shape of a rectangle (for example, into the shape of a square) as seen from a direction perpendicular to the plane
of the upper semiconductor chip 202.
[0023] The lower semiconductor chip 102 is, for example, an LSI, and the upper semiconductor chip 202 is, for example,
a DDR memory. The lower interposer 101, the solder balls 310 as an upper solder joint portion, and the upper interposer
201 form transmission lines used for communication between the lower semiconductor chip 102 and the upper semi-
conductor chip 202.
[0024] Specific description is made in the following. First, two surface layers 111 and 112 of the lower interposer 101
are wiring layers having multiple wirings formed thereon. The lower semiconductor chip 102 is mounted on the surface
layer 111 of the two surface layers 111 and 112 of the lower interposer 101.
[0025] FIG. 2 is a plan view illustrating the surface layer 111 of the lower interposer 101. As illustrated in  FIG. 2, the
lower semiconductor chip 102 has multiple signal terminals 103a to 103f and 104. The lower interposer 101 has lands
121a to 121f and 122 for multiple semiconductor chips, which are formed on the surface layer 111, and are solder joined
to the signal terminals 103a to 103f and 104, respectively.
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[0026] Among the multiple signal terminals, the signal terminals 103a to 103f are for communication with the upper
semiconductor chip 202 of the upper semiconductor package 200, while the signal terminals 104 are for communication
with a semiconductor element (not shown) mounted on the motherboard 400 illustrated in FIG. 1.
[0027] Further, the lower interposer 101 has multiple lands 131a to 131f for solder joining, which are formed on the
surface layer 111. The lower interposer 101 further has multiple wirings 141a to 141f (wiring pattern) that are formed on
the surface layer 111 and electrically connect the lands 121a to 121f for a semiconductor chip and the lands 131a to
131f, respectively. Specifically, the wirings 141a to 141f are electrically connected to the signal terminals 103a to 103f
through the lands 121a to 121f for a semiconductor chip, respectively. In the first embodiment of the present invention,
the lands 121a to 121f for a semiconductor chip, the lands 131a to 131f, and the wirings 141a to 141f are formed of the
same conductive material and are patterned by etching.
[0028] Further, the lower interposer 101 has multiple  via lands 151 that are formed on the surface layer 111, and
multiple wirings 152 (wiring pattern) that electrically connect the lands 122 for a semiconductor chip and the via lands
151, respectively. Specifically, the wirings 152 are electrically connected to the signal terminals 104 through the lands
122 for a semiconductor chip, respectively.
[0029] As illustrated in FIG. 1, the lower interposer 101 includes, in an inner layer thereof, a ground pattern 161,
multiple via lands 153, and via holes 154 that electrically connect the via lands 153. The ground pattern 161 is formed
in a wiring layer 113 that is adjacent to the surface layer 111 through an insulator 171 (for example, an epoxy resin) that
forms an insulating layer, and is arranged so as to be opposed to the lands 131a to 131f. Further, the lower interposer
101 has multiple external connection lands 155 for solder joining, which are formed on the surface layer 112, and are
electrically connected to the via lands 151 on the surface layer 111 through the via lands 153 and the via holes 154 in
the inner layer, respectively.
[0030] The lower interposer 101 has solder resists 181 and 182 that are formed on the surface layers 111 and 112,
respectively, and cover the wirings 141a to 141f and 152 and the lands 131a to 131f, 151, and 155 on the surface layers
111 and 112. The lands 131a to 131f and 155 on the surface layers 111 and 112, respectively, have exposed areas that
are controlled by openings provided in the  solder resists 181 and 182, respectively. The solder balls 310 and 320 are
connected to the lands 131a to 131f and 155, respectively, through the openings.
[0031] Two surface layers 211 and 212 of the upper interposer 201 are wiring layers having multiple wirings formed
therein. The upper semiconductor chip 202 is mounted on the surface layer 211 of the two surface layers 211 and 212
of the upper interposer 201.
[0032] The upper interposer 201 has multiple wire lands 221 and via lands 222 that are formed in the surface layer
211, and the via lands 222 are electrically connected to the wire lands 221, respectively. Further, the upper interposer
201 has multiple lands 231 for solder joining and via lands 223 that are formed in the surface layer 212, and the via
lands 223 are electrically connected to the lands 231, respectively. The via lands 222 in the surface layer 211 and the
via lands 223 in the surface layer 212 are electrically connected through via holes 224, respectively.
[0033] The upper semiconductor chip 202 and the wire lands 221 are electrically connected through wires 241. The
upper semiconductor chip 202 and the wires 241 are encapsulated in an encapsulating resin 291.
[0034] The upper interposer 201 has solder resists 281 and 282 that are formed on the surface layers 211 and 212,
respectively, and cover the wirings in the surface layers 211 and 212. The lands 231 in the surface layer 212 have
exposed areas that are controlled by openings provided in the solder resist 282, and the solder balls 310 as the upper
solder joint portion are connected to the lands 231, respectively, through the openings. Specifically, the lands 131 of the
lower interposer 101 and the lands 231 of the upper interposer 201 are opposed to each other and are solder joined to
each other by the upper solder balls 310 as the solder joint portion.
[0035] In the way described above, the lands 121 for a semiconductor chip, the wirings 141, the lands 131, the upper
solder balls 310, the lands 231, the via lands 222 and 223, the via holes 224, the wire lands 221, and the wires 241 form
the transmission lines that connect the semiconductor chips 102 and 202.
[0036] Among the multiple signal terminals 103a to 103f of the lower semiconductor chip 102, the signal terminals
103a to 103d are terminals that output data signals, and the signal terminals 103e and 103f are terminals that output
strobe signals having opposite phases. Therefore, the wirings 141a to 141d are bus wirings used for transmitting data
signals, and the wirings 141e and 141f are differential signal wirings used for transmitting strobe signals. The widths of
the wirings 141a to 141f are the same, and are, for example, 25 mm. Further, clearance, which is equal to or larger than
the width of the wirings 141a to 141f, is provided around the wirings 141a to 141f so that a short-circuit is not caused
between the wirings  141a to 141f or between the wirings 141a to 141f and the lands 131a to 131f.
[0037] The lands 131a to 131f are in peripheral arrangement in which the lands 131a to 131f are arranged in a lattice-
like manner in a land region 192 located outside a wiring region 191. The surfaces of the lands 131a to 131f are formed
in the shape of a circle. The land region 192 is a region between an end 101a of the interposer 101 and ends of the
lands on the semiconductor chip 102 side. The lands 131a to 131f are arranged in a lattice-like manner with equal pitches
in the land region 192. The pitches are, for example, 0.4 mm. These lands 131a to 131f are divided into lands arranged
on the inside (on the semiconductor chip side) (first lands) 131a, 131c, and 131e and lands arranged on the outside (on
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the interposer end side) (second lands) 131b, 131d, and 131f.
[0038] The wiring region 191 is a region between the ends of the lands on the semiconductor chip 102 side and the
lands 121 for a semiconductor chip. The bus wirings 141a to 141d and the differential signal wirings 141e and 141f are
arranged in the wiring region 191. Further, the via lands 151 used for connection with the motherboard 400 are arranged
in the wiring region 191.
[0039] The bus wirings 141b and 141d (second wirings) are respectively connected to, among the lands, the lands
131b and 131d (second lands) arranged on the end 101a side of the interposer 101. Therefore, the lengths of the bus
wirings 141b and 141d are larger by at least the pitch than the lengths of the bus wirings 141a and 141c (first wirings)
that are respectively connected to, among the lands, the lands 131a and 131c (first lands) arranged on the semiconductor
chip 102 side. Similarly, the differential signal wiring 141f (second wiring) is connected to, among the lands, the land
131f (second land) arranged on the end 101a side of the interposer 101. Therefore, the length of the differential signal
wiring 141f is larger by at least the pitch than the length of the differential signal wiring 141e (first wiring) that is connected
to, among the lands, the land 131e (first land) arranged on the semiconductor chip 102 side.
[0040] In the first embodiment of the present invention, each of the surface areas of the lands 131b, 131d, and 131f
is larger than each of the surface areas of the lands 131a, 131c, and 131e. Specifically, the diameter of the lands 131b,
131d, and 131f is larger than the diameter of the lands 131a, 131c, and 131e.
[0041] In this case, the wiring 141a (141c, 141e) and the land 131a (131c, 131e) form a first transmission line. Further,
the wiring 141b (141d, 141f) and the land 131b (131d, 131f) form a second transmission line.
[0042] FIG. 3 is an equivalent circuit diagram of the first and second transmission lines according to the first embodiment
of the present invention. As illustrated in FIG. 3, the semiconductor chip 102 includes transmitting  circuits 102a and
102b as bus circuits. The transmitting circuit 102a outputs a data signal from the signal terminal 103a as a first signal
terminal. The transmitting circuit 102b outputs a data signal from the signal terminal 103b as a second signal terminal.
[0043] The wirings are structured to have a fine line shape. For example, while the width is 25 mm and the thickness
is 25 mm, the length is several millimeters. In this wiring structure, the inductance is proportional to the length.
[0044] The value of a parasitic inductance 14 of the wiring 141a as the first wiring is represented by La. The length of
the wiring 141b as the second wiring is larger than that of the wiring 141a, and thus, the inductance of the wiring 141b
is higher by the parasitic inductance corresponding to the difference in wiring length. The value of the parasitic inductance
corresponding to the difference is represented by Lb. Then, the value of a parasitic inductance 16 of the wiring 141b is
represented by La+Lb.
[0045] Further, the lands 131a to 131f form a parallel plate structure with the ground pattern 161 arranged on an
adjacent layer at positions opposed thereto. This structure behaves as a parasitic capacitance, and the value thereof is
proportional to the surface areas of the lands 131a to 131f.
[0046] The value of a parasitic capacitance 17 of the  land 131a as the first land is represented by Ca. The surface
area of the land 131b as the second land is larger than that of the land 131a, and thus, the capacitance of the land 131b
is higher by the parasitic capacitance corresponding to the difference in area. The value of the parasitic capacitance
corresponding to the difference is represented by Cb. Then, the value of a parasitic capacitance 19 of the land 131b is
represented by Ca+Cb.
[0047] A characteristic impedance Z1 of the first transmission line and a characteristic impedance Z2 of the second
transmission line are dependent on these parasitic inductances and parasitic capacitances. Specifically, Z1 and Z2 are
expressed by the following expressions (1) and (2): 

[0048] The difference in characteristics between the transmission lines is expressed by the following expression (3): 
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[0049] In the first embodiment of the present invention, in accordance with the difference Lb in parasitic inductance
due to the difference in wiring length between the wirings 141a and 141b, a difference is made between the sizes of the
lands 131a and 131b to adjust the difference Cb so that the difference in characteristics between the transmission lines
expressed by the expression (3) becomes smaller. This reduces the difference in characteristics between the transmission
lines to enable synchronization of signals transmitted through the transmission lines. Therefore, a stacked semiconductor
package excellent in high speed transmission characteristics can be realized.
[0050] Conventionally, a difference is not made between the sizes of the lands 131a and 131b, which corresponds to
a case in which the difference Cb is zero. It can be seen that, by setting the difference Cb so that the following expression
(4) is satisfied, the difference in transmission line characteristics can be reduced compared with the conventional case: 

[0051] In the above description, the relationship between the land 131a and the land 131b is described. Similarly, the
difference Cb is set with regard to the relationship between the land 131b and the land 131c and with regard to the
relationship between the land 131c and the land 131d. Therefore, in the first embodiment of the  present invention,
synchronization of data signals can be ensured with regard to all the bus wirings.
[0052] Further, in the above description, the wirings 141a to 141d connected to the bus circuits of the semiconductor
chip 102 are described. Similarly, the difference Lb is caused in accordance with the wiring lengths with regard to the
wirings 141e and 141f connected to a differential circuit of the semiconductor chip 102. Therefore, also in this case, by
making a difference between the sizes of the lands 131e and 131f, the difference Cb may be adjusted so that the
difference in transmission line characteristics expressed by the expression (3) is reduced. In this way, synchronization
can be ensured with regard to strobe signals transmitted through the differential signal wirings.
[0053] Suppose the areas of the lands 131a to 131f are the same. By narrowing the pitches of the lands, the space
among the lands 131a to 131f can be reduced to reduce the area of the land region 192. However, the space between
the first lands 131a and 131c (131c and 131e) is reduced, and thus, space for placing the second wiring 141b (141d) is
lost. Therefore, it is necessary to increase the number of layers of the interposer 101 of the lower semiconductor package
and to arrange, in a layer other than the surface layer, wirings for connecting the second lands 131b and 131d and the
lands 121b and 121d for a semiconductor chip, respectively. This becomes a factor in preventing the  stacked semicon-
ductor package from being thinned.
[0054] On the other hand, according to the first embodiment of the present invention, the surface areas of the first
lands 131a, 131c, and 131e are relatively smaller than those of the second lands 131b, 131d, and 131f. Therefore, even
when the pitches are narrowed, the space between the lands 131a and 131c (131c and 131e) is ensured. Therefore,
both downsizing and thinning of the semiconductor package 100 can be achieved at the same time, and, by extension,
both downsizing and thinning of the stacked semiconductor package 300 can be achieved at the same time.
[0055] Further, as described above, it is necessary to arrange in the wiring region 191, in addition to the transmission
lines, the via lands 151 used for connection with the motherboard 400. In recent years, as the system is more sophisticated
in functionality, the number of vias for connection with the motherboard increases. In this case, the space that can be
used for placing the transmission lines in the wiring region 191 is reduced.
[0056] The size of the space for placing the transmission lines is partly determined by space necessary for routing
around the lands 131a, 131c, and 131e. As described above, the second wirings 141b, 141d, and 141f connect the
lands 121b, 121d, and 141f for a semiconductor chip and the second lands 131b, 131d, and 131f, respectively. The
pitches of the lands 121a to 121f for a  semiconductor chip are about one tenth of the pitches of the lands 131a to 131f.
Therefore, the second wirings 141b, 141d, and 141f are arranged so as to route around the first lands 131a, 131c, and
131e, respectively.
[0057] According to the first embodiment of the present invention, the first lands 131a, 131c, and 131e are smaller
than the second lands 131b, 131d, and 131f, and thus, the space necessary for routing around the first lands can be
reduced. This enables further downsizing of the semiconductor package 100, and, by extension, further downsizing of
the stacked semiconductor package 300.
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[0058] (Second Embodiment)
[0059] Next, a stacked semiconductor package according to a second embodiment of the present invention is de-
scribed. FIG. 4 is a sectional view of a principal part of the stacked semiconductor package according to the second
embodiment of the present invention. FIG. 4 is an enlarged view of a region in which the upper semiconductor package
and the lower semiconductor package are connected together. Note that, in the second embodiment of the present
invention, like reference symbols are used to designate like members in the first embodiment of the present invention,
and description thereof is omitted.
[0060] A lower interposer 101A as a first printed wiring board has a solder resist 181A formed on the surface layer
111. The solder resist 181A has formed therein an opening 185a as a first opening for exposing the surface of the  land
131a as the first land, and an opening 185b as a second opening for exposing the surface of the land 131b as the second
land. The solder balls 320 are connected to the lands 131a and 131b through the openings 185a and 185b, respectively.
[0061] In the second embodiment of the present invention, in addition to the larger surface area of the land 131b as
the second land than that of the land 131a as the first land, the opening 185b as the second opening is formed so as to
have a larger opening area than that of the opening 185a as the first opening. The rest of the structure is the same as
that of the first embodiment of the present invention.
[0062] In the first embodiment of the present invention described above, measures for reducing the difference in
transmission line characteristics in the lower semiconductor package 100 is described. Other components of the trans-
mission lines in communication between the upper semiconductor chip and the lower semiconductor chip include the
solder balls 320. The solder balls 320 have an effect on the waveforms of the signals as parasitic inductances.
[0063] The parasitic inductances of the solder balls 320 are determined by the heights and the diameters of the solder
balls 320. Among the heights and the diameters, the diameters depend on the contact areas between the solder balls
320 and the lands 131a and 131b, and thus, in the  second embodiment of the present invention, the diameters are
controlled by the diameters of the openings. Further, the heights depend on the thermal deformation of the upper and
the lower semiconductor packages, and thus, the heights vary depending on the places at which the solder balls 320
are arranged. In a stacked semiconductor package, terminals of the upper and lower semiconductor packages are
arranged only on the periphery of the packages, and thus, the heights of the terminals are substantially the same.
[0064] The precise shapes of the solder balls 320 are determined taking into consideration the conditions of a mounting
step and the like, and thus, it is difficult to determine the precise shapes at the time of designing the stacked semiconductor
package. Therefore, when transmission line characteristics are considered, generally, a circular cylinder or a circular
cone frustum with the openings in the upper and lower semiconductor packages being top and bottom surfaces thereof,
respectively, is assumed to be an effective shape, and the parasitic inductance thereof is considered.
[0065] In the second embodiment of the present invention, the diameter of the effective shape (second effective shape)
322 of the solder ball 320 connected to the second transmission line is larger than the diameter of the effective shape
(first effective shape) 321 of the solder ball 320 connected to the first transmission line. Therefore, the parasitic inductance
of the second effective  shape 322 is lower than that of the first effective shape 321. The difference in transmission line
characteristics due to the difference in wiring length is absorbed by the difference in characteristics of the solder balls
320, and thus, the difference in transmission line characteristics can be further reduced. Therefore, according to the
second embodiment of the present invention, further improvement in high speed transmission characteristics can be
realized.
[0066] (Example)
[0067] In this example, a simulation was performed with regard to the structure of the stacked semiconductor package
300 of the above-mentioned first embodiment of the present invention with the components having the following dimen-
sions.
[0068] The length of the wiring 141a as the first wiring was 0.5 mm, and the length of the wiring 141b as the second
wiring was 0.9 mm. The width of the wirings 141a and 141b was 25 mm, and the clearance provided around the wirings
was 25 mm. The thickness of the wirings 141a and 141b was 25 mm. The distance between the surface layer and a layer
adjacent to the surface layer was 40 mm.
[0069] The diameter of the land 131b as the second land was 330 mm. On the other hand, the diameter of the first
land 131a was 320 mm, 300 mm, and 280 mm. The pitch between the lands 131a and 131b was 0.4 mm. The frequency
of signals to be transmitted was 400 MHz. The allowable difference in transmission line characteristics becomes  smaller
in accordance with the frequency, and, when the frequency is 400 MHz, the allowable difference in transmission line
characteristics is 30% or less.
[0070] FIG. 5 is a graph showing the result of the simulation of the difference in characteristics between the first
transmission line and the second transmission line. The simulation was performed using Q3D Extractor (manufactured
by Ansoft Corporation) that is a commercially available simulator.
[0071] The parasitic inductance of the wiring 141a as the first wiring was 0.33 nH, and the parasitic inductance of the
wiring 141b as the second wiring was 0.69 nH. The parasitic capacitance of the land 131b as the second land was 0.038
pF. The parasitic capacitance of the land 131a as the first land was 0.030 pF (when the diameter was 320 mm), 0.027
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pF (when the diameter was 300 mm), and 0.025 pF (when the diameter was 280 mm).
[0072] Under these conditions, the characteristic impedance of the second transmission line was 135 Ω. The charac-
teristic impedance of the first transmission line was 104 Ω (when the diameter was 320 mm), 109 Ω (when the diameter
was 300 mm), and 115 Ω (when the diameter was 280 mm).
[0073] From the above, the difference between the first transmission line characteristics and the second transmission
line characteristics was 22.9% (when the diameter was 320 mm), 18.9% (when the diameter was 300 mm), and 14.5%
(when the diameter was 280 mm). The differences in all cases were 30% or less, and thus, were allowable.
[0074] The length D (see FIG. 2) of the part of the wiring 141b routing around the land 131a was 97.5 mm (when the
diameter of the first land was 320 mm), 87.5 mm (when the diameter was 300 mm), and 77.5 mm (when the diameter
was 280 mm).
[0075] (Comparative Example)
[0076] For comparison, a simulation of the difference in characteristics between the first transmission line and the
second transmission line was also performed with regard to a semiconductor package illustrated in FIG. 6. The lands
131a and 131b in Comparative Example had the same diameter. The diameter of the first land 131a and the second
land 131b was 330 mm, and the rest of the dimensions were the same as those in the example. FIG. 5 also shows the
result of this simulation. The difference in transmission line characteristics was 31.2%, which was more than the allowable
difference. Further, the length of the part of the wiring routing around the land in Comparative Example was 102.5 mm
(when the diameter was 330 mm).
[0077] From the result of the comparison between this example and Comparative Example described above, it was
found that this example was able to reduce the influence of the difference in wiring length. Further, in this example, the
length of the part of the wiring 141b routing around the land 131a was reduced by 24% at the maximum (when the
diameter was 280 mm) compared with that in Comparative Example. Therefore, it is found that this example can reduce
the space necessary for placing the transmission lines in the wiring region 191 to realize the downsizing of the stacked
semiconductor package.
[0078] Note that, the present invention is not limited to the embodiments and the example described above, and
various modifications can be made by those with an ordinary skill in the art within the technical idea of the present invention.
[0079] In the above description, cases in which the surfaces of the lands 131a to 131f are in the shape of a circle are
described, but the present invention is not limited thereto, and the surfaces of the lands may be in any shape including
the shape of a square.
[0080] Further, in the above description, the solder balls (lands) are in two lines, but the solder balls (lands) may be
in three or more lines.
[0081] Further, in the above description, cases in which the solder connected to the lands is solder balls are described,
but the solder may be, other than the solder balls, connection terminals formed by applying solder to rigid balls.
[0082] Further, the semiconductor chips and the interposers are in the shape of a square, and thus, a wiring close to
a corner tends to be longer than a wiring close to a midpoint of an edge of an interposer. In such a  case, a land close
to a corner is formed so as to be larger than a land close to a midpoint of an edge. In this way, the difference in transmission
line characteristics due to the difference in wiring length can be reduced.
[0083] Further, in the above description, the lower semiconductor package is described, but it is apparent that, by
applying a similar structure to the upper semiconductor package, the difference in transmission line characteristics can
be further reduced. Further, the present invention is also applicable to the lands in the lower semiconductor package
that are joined by solder to the motherboard.
[0084] While the present invention has been described with reference to exemplary embodiments, 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.
Provided is a semiconductor package including a printed wiring board (101) and a semiconductor chip (102) that has a
first signal terminal (103a) and a second signal terminal (103b) and is mounted on the printed wiring board (101). The
printed wiring board (101) has a first land (131a) and a second land (131b) for solder joining, which are formed on a
surface layer thereof. Further, the printed wiring board (101) has a first wiring (141a) for  electrically connecting the first
signal terminal (103a) of the semiconductor chip (102) and the first land (131a), and a second wiring (141b) for electrically
connecting the second signal terminal (103b) of the semiconductor chip (102) and the second land (131b). The second
wiring (141b) is formed so that the wiring length thereof is larger than that of the first wiring (141a). The second land
(131b) is formed so that the surface area thereof is larger than that of the first land (131a). This reduces difference in
transmission line characteristics due to the difference in wiring length.

Claims

1. A stacked semiconductor package, comprising:
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a first semiconductor package including:

a first semiconductor element having a first signal terminal and a second signal terminal; and
a first wiring board having the first semiconductor element mounted on one surface thereof, and having
multiple lands for external connection formed on another surface thereof, the multiple lands for external
connection being electrically connected to an outside,
the one surface of the first wiring board having provided thereon:

a first land and a second land for solder joining;
a first wiring for electrically connecting the first signal terminal and the first land; and
a second wiring for electrically connecting the second signal terminal and the second land;

a second semiconductor package stacked on the first semiconductor package, the second semiconductor
package including:

a second semiconductor element; and
a second wiring board having the second semiconductor element mounted on one surface thereof, and
having a third land for connection and a fourth land for connection formed on another surface thereof, the
third  land for connection and the fourth land for connection being electrically connected to the first land for
connection and the second land for connection provided on the first wiring board, respectively; and

a solder joint portion for electrically connecting together the first land for connection on the first wiring board
and the third land for connection on the second wiring board, and electrically connecting together the second
land for connection on the first wiring board and the fourth land for connection on the second wiring board,
wherein a length of the second wiring is larger than a length of the first wiring, and a surface area of the second
land is larger than a surface area of the first land.

2. The stacked semiconductor package according to claim 1, wherein:

the one surface of the first wiring board is covered with a solder resist;
the solder resist has a first opening for exposing a surface of the first land and a second opening for exposing
a surface of the second land formed therein;
the surface area of the first land corresponds to a surface area of a part of the first land exposed in the first
opening; and
the surface area of the second land corresponds to a surface area of a part of the second land exposed in the
second opening.

3. The stacked semiconductor package according to  claim 1 or 2, wherein an area of the second land for connection
is larger than an area of the first land for connection.

4. The stacked semiconductor package according to claim 1 or 2, wherein the first signal terminal and the second
signal terminal comprise terminals for outputting data signals, and the first wiring and the second wiring comprise
bus wirings used for transmitting data signals.

5. The stacked semiconductor package according to claim 1 or 2, wherein the first signal terminal and the second
signal terminal comprise terminals for outputting strobe signals, and the first wiring and the second wiring comprise
wirings used for transmitting strobe signals.

6. The stacked semiconductor package according to claim 1 or 2, wherein the following expression is satisfied: 

where La represents an inductance of the first wiring, Ca represents a capacitance of the first land, La+Lb represents
an inductance of the second wiring, and Ca+Cb represents a capacitance of the second land.
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7. A printed circuit board, comprising the stacked semiconductor package according to claim 1 or 2 mounted thereon.

8. A printed wiring board, comprising on one surface  thereof:

a first land for a semiconductor chip and a second land for a semiconductor chip for mounting thereon a sem-
iconductor element;
a first land and a second land for solder joining;
a first wiring for electrically connecting a first signal terminal of the semiconductor element and the first land; and
a second wiring for electrically connecting a second signal terminal of the semiconductor element and the
second land,
wherein a length of the second wiring is larger than a length of the first wiring, and a surface area of the second
land is larger than a surface area of the first land.

9. The printed wiring board according to claim 8, wherein:

the one surface of the printed wiring board is covered with a solder resist;
the solder resist has a first opening for exposing a surface of the first land and a second opening for exposing
a surface of the second land formed therein;
the surface area of the first land corresponds to a surface area of a part of the first land exposed in the first
opening; and
the surface area of the second land corresponds to a surface area of a part of the second land exposed in the
second opening.

10. The printed wiring board according to claim 8, wherein the first signal terminal and the second signal terminal
comprise terminals for outputting data signals, and the first wiring and the second wiring comprise bus wirings used
for transmitting data signals.

11. The printed wiring board according to claim 8, wherein the first signal terminal and the second signal terminal
comprise terminals for outputting strobe signals, and the first wiring and the second wiring comprise wirings used
for transmitting strobe signals.

12. The printed wiring board according to claim 8, wherein the following expression is satisfied: 

where La represents an inductance of the first wiring, Ca represents a capacitance of the first land, La+Lb represents
an inductance of the second wiring, and Ca+Cb represents a capacitance of the second land.

13. A printed circuit board, comprising the printed wiring board according to any one of claims 8 to 12 having the
semiconductor element mounted thereon.
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