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SEMICONDUCTOR DEVICE

CROSS-REFERENCE TO RELATED
APPLICATIONS

[0001] This application is a continuation of U.S. patent
application Ser. No. 14/453,367, filed Aug. 6, 2014, which
claims the benefit of Japanese Patent Application No. 2013-
163965 filed on Aug. 7, 2013, the entire contents of each are
hereby incorporated by reference.

BACKGROUND

[0002] The present invention relates to a semiconductor
device and a manufacturing technology thereof, and, relates
to a technology effectively applicable to, for example, a
semiconductor device in which over a semiconductor chip,
there is mounted another semiconductor chip.

[0003] In Japanese Unexamined Patent Publication No.
2011-187574 (Patent Document 1), there is described a
semiconductor device in which a semiconductor chip includ-
ing through electrodes is arranged between a lamination of
a plurality of memory chips and a wiring substrate.

[0004] Further, in Japanese Unexamined Patent Publica-
tion No. 2010-118522 (Patent Document 2), there is
described a semiconductor device which has solder bumps
for electrically connecting oppositely arranged electrodes
with each other, and in which the solder bumps are con-
nected with a plurality of portions of each of the electrodes.

PATENT DOCUMENTS

[0005] [Patent Document 1]

[0006] Japanese Unexamined Patent Publication No.
2011-187574

[0007] [Patent Document 2]

[0008] Japanese Unexamined Patent Publication No.
2010-118522

SUMMARY

[0009] The present inventors have conducted a study on a
technology of improving the performances of a semicon-
ductor device in which a plurality of semiconductor chips
are stacked via conductive members such as solder materi-
als. In connection therewith, a study has been conducted on
a so-called SiP (System In Package) type semiconductor
device in which a plurality of types of semiconductor chips
(e.g., memory chips and a control chip for controlling the
memory chips) are mounted in one semiconductor device,
thereby to form a system with the one semiconductor device.
[0010] As a result, it has been found as follows. When a
high frequency signal is transmitted in order to improve the
data transfer speed, a consideration is required to be given
to a variation in impedance among respective transmission
paths in addition to the reduction of each transmission path
length.

[0011] Other objects and novel features will be apparent
from the description of this specification and the accompa-
nying drawings.

[0012] A semiconductor device in accordance with one
embodiment has a plurality of stacked semiconductor chips.
Further, a plurality of conductive members arranged
between the semiconductor chips, and establishing an elec-
trical connection between the semiconductor chips include a
first conductive member for passing therethrough a current
with a first frequency, and a plurality of second conductive

Nov. 16, 2017

members for passing therethrough a signal current with a
second frequency higher than the first frequency. Further, in
the second conductive members, the second conductive
members arranged adjacent to each other are in contact with
each other, and are separated from the first conductive
member.

[0013] In accordance with the one embodiment, it is
possible to improve the reliability of a semiconductor
device.

BRIEF DESCRIPTION OF THE DRAWINGS

[0014] FIG. 1 is an explanatory view schematically show-
ing the electrical connection relation between components
forming a semiconductor device which is one embodiment;
[0015] FIG. 2 is an explanatory view showing the function
block included in each of a plurality of memory chips
included in a memory module shown in FIG. 1;

[0016] FIG. 3 is an explanatory view showing the function
block included in each of a plurality of channels including
in the memory chips shown in FIG. 2;

[0017] FIG. 4 is a perspective view of the semiconductor
device shown in FIG. 1;

[0018] FIG. 5 is a bottom view of the semiconductor
device shown in FIG. 4;

[0019] FIG. 6 is a perspective plan view showing the
internal structure of the semiconductor device over a wiring
substrate with a sealing body shown in FIG. 4 removed;

[0020] FIG. 7 is a cross sectional view along line A-A of
FIG. 4,
[0021] FIG. 8 is an enlarged cross sectional view of a part

A shown in FIG. 7,

[0022] FIG. 9 is an enlarged cross sectional view showing
the structure of a connection part for electrically connecting
the semiconductor chips shown in FIG. 8;

[0023] FIG. 10 is an explanatory view showing some of a
large number of electrodes included in the semiconductor
chip on an enlarged scale in order to show the planar
positional relation between a plurality of electrodes and
solder materials shown in FIG. 9;

[0024] FIG. 11 is a plan view showing the front surface
side of the memory chip shown in FIG. 7;

[0025] FIG. 12 is a plan view showing the back surface
side of the memory chip shown in FIG. 11;

[0026] FIG. 13 is a plan view showing the front surface
side of the logic chip shown in FIG. 7;

[0027] FIG. 14 is a plan view showing the back surface
side of the logic chip shown in FIG. 13;

[0028] FIG. 15 is an explanatory view showing the outline
of a manufacturing step of the semiconductor device
described by reference to FIGS. 1 to 8;

[0029] FIG. 16 is a plan view showing the overall structure
of the wiring substrate provided in the substrate provision
step shown in FIG. 15;

[0030] FIG. 17 is an enlarged plan view showing the state
in which an adhesive material is arranged on each of a
plurality of device formation parts of the wiring substrate
shown in FIG. 16;

[0031] FIG. 18 is an explanatory view schematically
showing the outline of a manufacturing step of the semi-
conductor chip including through electrodes shown in FIG.
8;

[0032] FIG. 19 is an explanatory view schematically
showing the outline of a manufacturing step of the semi-
conductor chip following FIG. 18;
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[0033] FIG. 20 is an enlarged plan view showing the state
in which a logic chip is mounted over the chip mounting
region of the wiring substrate shown in FIG. 17;

[0034] FIG. 21 is an enlarged cross sectional view along
line A-A of FIG. 20;

[0035] FIG. 22 is an enlarged plan view showing the state
in which an adhesive material is arranged at the back surface
and its periphery of the semiconductor chip shown in FIG.
18;

[0036] FIG. 23 is an enlarged cross sectional view along
line A-A of FIG. 22;

[0037] FIG. 24 is an explanatory view schematically
showing the outline of an assembly step of the lamination of
memory chips shown in FIG. 7;

[0038] FIG. 25 is an explanatory view schematically
showing the outline of an assembly step of the lamination of
memory chips following FIG. 24;

[0039] FIG. 26 is an enlarged plan view showing the state
in which the lamination is mounted over the back surface of
the logic chip shown in FIG. 22;

[0040] FIG. 27 is an enlarged cross sectional view along
line A-A of FIG. 26;

[0041] FIG. 28 is an enlarged cross sectional view show-
ing the state in which a sealing body is formed over the
wiring substrate shown in FIG. 27, thereby to seal a plurality
of stacked semiconductor chips;

[0042] FIG. 29 is an enlarged cross sectional view show-
ing the state in which solder balls are bonded over a plurality
of lands of the wiring substrate shown in FIG. 28;

[0043] FIG. 30 is a cross sectional view showing the state
in which the multi-piece wiring substrate shown in FIG. 29
is singulated;

[0044] FIG. 31 is an enlarged cross sectional view show-
ing a modified example with respect to FIG. 9;

[0045] FIG. 32 is an enlarged cross sectional view show-
ing another modified example with respect to FIG. 9;
[0046] FIG. 33 is an enlarged cross sectional view show-
ing a still other modified example with respect to FIG. 9; and
[0047] FIG. 34 is an explanatory view showing the rela-
tion between the signal type and the pulse width of DRAM
defined as the standards of the JEDEC Solid State Technol-
ogy Association.

DETAILED DESCRIPTION

Explanation of Description Form, Basic Terms, and
Methods in the Present Invention

[0048] In the present invention, in the description of
embodiments, the description may be divided into a plurality
of sections, or the like for convenience, if required. How-
ever, unless otherwise specified, these are not independent of
each other, but, are respective parts of a single example, in
a relation such that one is a detailed explanation of a part of
the other, a modification example of a part or the whole, or
the like of the other, irrespective of the order of description.
Further, in principle, the repetitive description of the same
parts will be omitted. Whereas, respective constitutional
elements in embodiments are not essential, unless otherwise
specified, or except for the case where the number is
theoretically limiting, and unless otherwise apparent from
the context.

[0049] Similarly, in the description of embodiments, and
the like, the term “X including A” or the like for the material,
composition, or the like does not exclude the one including
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an element other than A unless otherwise specified and
unless otherwise apparent from the context. For example, for
the component, the term is used to embrace “X including A
as a main component”, and the like. For example, it is
naturally understood that the term “silicon member” or the
like herein used is not limited to pure silicon but also
embraces a SiGe (silicon germanium) alloy, other multinary
alloys containing silicon as a main component, and other
members containing additives, and the like. Whereas, it is
naturally understood that the term gold plating, a Cu layer,
nickel plating, or the like, herein used is assumed to embrace
not only the pure one but also a member containing gold, Cu,
nickel, or the like as a main component, unless otherwise
specified.

[0050] Further, also when specific numerical values and
quantities are mentioned, unless otherwise specified, except
when they are theoretically limited to the numbers, and
unless otherwise apparent from the context, each numerical
value may be a numerical value of more than the specific
numerical value, or may be a numerical value of less than the
specific numerical value.

[0051] Further, in respective drawings of embodiments,
the same or similar portions are indicated with the same or
similar reference numerals and signs, and will not be repeat-
edly described in principle.

[0052] Further, in the accompanying drawings, hatching
or the like may be omitted even in cross section when it
rather complicates the drawing, or when it is apparently
distinct from the gap. In conjunction with this, when appar-
ent from the description or the like, or in other cases, even
for a two-dimensionally closed hole, the background outline
may be omitted. Further, even not in cross section, hatching
or a dot pattern may be added in order to clearly demonstrate
that the part is not a gap, or in order to clearly demonstrate
the boundary between regions.

[0053] <Circuit Configuration Example of Semiconductor
Device>
[0054] Inembodiments described below, as an example of

the semiconductor device, a description will be given to a
semiconductor package in which semiconductor chips
(memory chips) each including a memory circuit formed
therein and a semiconductor chip (also called a logic chip or
a control chip) including a control circuit for controlling the
operation of the memory circuits, formed therein are
included in one package. FIG. 1 is an explanatory view
schematically showing the electrical connection relation
between components forming a semiconductor device of the
present embodiment. Whereas, FIG. 2 is an explanatory
view showing the function block included in each of a
plurality of memory chips included in a memory module
shown in FIG. 1. Further, FIG. 3 is an explanatory view
showing the function block included in each of a plurality of
channels included in the memory chips shown in FIG. 2.

[0055] As shown in FIG. 1, a semiconductor device 1 of
the present embodiment has a memory module MCM in
which a plurality of memory chips (semiconductor chips)
MC are electrically connected, and a logic chip (semicon-
ductor chip) LC electrically connected with the memory
module MCM. Further, the semiconductor device 1 has a
wiring substrate 2 electrically connected with the memory
module MCM via the logic chip LC. The wiring substrate 2
is an interposer substrate for adjusting the terminal array
when the semiconductor device 1 is mounted on a mounting
substrate (e.g., a mother board) not shown. Thus, the logic
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chip LC and the memory module MCM included in the
semiconductor device 1 are electrically connected with
external devices not shown via the wiring substrate 2.
Incidentally, in FIG. 1, there are not shown a plurality of
external terminals provided at the wiring substrate 2 for
ensuring an electrical connection with the mounting sub-
strate.

[0056] An electrical connection is established between the
wiring substrate 2 and the logic chip L.C via a plurality of
transmission paths (conduction paths) through which vari-
ous kinds of currents flow. In the example shown in FIG. 1,
the plurality of transmission paths include a plurality of
transmission paths for performing input/output (input or
output, or input and output) of a data signal DAT between
them and a data signal processing circuit (not shown)
included in the logic chip LC. Further, the plurality of
transmission paths include a plurality of transmission paths
for inputting signals CLK of a timing control system such as
clock signals to a timing control circuit (not shown) included
in the logic chip LC. Whereas, the plurality of transmission
paths include a plurality of transmission paths for perform-
ing input/output of an analog signal ALG between them and
the analog circuit (not shown) included in the logic chip L.C.
Further, the plurality of transmission paths include a plural-
ity of transmission paths for performing input/output of
signals SGN other than the foregoing signals between them
and various circuits (not shown) included in the logic chip
LC. Still further, the plurality of transmission paths include
a plurality of transmission paths PWR for supplying a power
supply potential to various circuits included in the logic chip
LC and the memory module MCM. Furthermore, the plu-
rality of transmission paths include a plurality of transmis-
sion paths GND for supplying a reference potential to
various circuits included in the logic chip LC and the
memory module MCM. The reference potential is, for
example, a ground potential.

[0057] Further, in each of a plurality of memory chips MC
included in the memory module MCM, there is formed a
storage circuit called a DRAM (Dynamic Random Access
Memory) (which will be hereinafter described as a memory
circuit DRAM). Whereas, in the logic chip LC to be elec-
trically connected with the memory module MCM, there are
formed a control circuit for controlling the operation of the
memory circuits DRAM of the memory chips MC (see FIG.
3), and an arithmetic processing circuit for performing an
arithmetic processing on data signals.

[0058] Whereas, an electrical connection is established
between the logic chip LC and the memory module MCM,
and between a plurality of memory chips MC forming the
memory module MCM via a plurality of transmission paths
(conduction paths) through which various kinds of currents
flow. In the example shown in FIG. 1, the plurality of
transmission paths include a plurality of timing system
transmission paths for inputting timing control system sig-
nals such as clock signals CK and clock enable signals CKE
to the memory module MCM. Further, the plurality of
transmission paths include a plurality of transmission paths
for inputting command system signals such as chip select
signals CS, row address strobe signals RAS, column address
strobe signals CAS, and write enable signals WE to the
memory module MCM. Still further, the plurality of trans-
mission paths include a plurality of address system trans-
mission paths for inputting address assignment system sig-
nals such as address signals A0 to A13, and bank address
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signals BA to the memory module MCM. Whereas, the
plurality of transmission paths include a plurality of data
system transmission paths for performing input/output (in-
put or output, or input and output) of data system signals
such as data signals DQ, data strobe signals DQS, data mask
signals DM between the logic chip LC and the memory
module MCM. Further, the plurality of transmission paths
include a plurality of reset signal transmission paths for
inputting reset signals (asynchronous reset signals) RST to
the memory module MCM. Still further, the plurality of
transmission paths include a plurality of power supply
system transmission paths for supplying a power supply
such as a core power supply potential Vddl, a data power
supply potential VddQ, a core reference potential Vssl, or a
data reference potential VssQ to the circuit included in each
memory chip MC forming the memory module MCM.

[0059] Further, in the example shown in FIG. 2, respective
memory chips MC include four channels ON shown as
channels CNa, CNb, CNc, and CNd. In each of the plurality
of channels CN, there is formed a memory circuit DRAM as
shown in FIG. 3. Whereas, in the example shown in FIGS.
2 and 3, the width of the data bus of each channel CN is 128
bits. The total bus width of the four channels CN is 512 bits.

[0060] Further, the memory circuit DRAM shown in FIG.
3 operates, for example, in the following manner. First, the
power supply system transmission path supplies a power
supply such as a core power supply potential Vddl, a data
power supply potential VddQ, a core reference potential
Vssl, or a data reference potential VssQ to the power supply
control circuit PSM of the memory circuit DRAM (see FIG.
3). As a result, the memory circuit DRAM is started. The
core power supply potential Vddl and the core reference
potential Vssl each supply a driving voltage for a main
circuit to the main circuit in the memory circuit DRAM
(e.g., apower supply control circuit PSM, a clock oscillation
circuit CKG, a command control circuit CMDC, or an
address buffer circuit ABF). Whereas, the data power supply
potential VddQ and the data reference potential VssQ each
supply an input/output voltage of the data signal DQ.
Incidentally, although not shown, when there are a plurality
of types of circuits to be operated at different driving
voltages, it is also possible to additionally supply different
power supply potentials or reference potentials from the core
power supply potential Vddl and the core reference potential
Vssl, respectively.

[0061] Then, a reset signal RST is inputted to the memory
circuit DRAM. Then, to the clock oscillation circuit CKG in
the memory circuit DRAM, there are sequentially inputted
a low level (clock signal invalid) of a clock enable signal
CKE, a clock signal CK, a high level (clock signal valid) of
a clock enable signal CKE. As a result, a clock is transmit-
ted. The clock signal CK is a signal for determining the
timing serving as the reference for various electrical opera-
tions of the memory circuit DRAM. Whereas, the clock
enable signal CKE is a signal for determining whether the
clock is valid or invalid with respect to an input/output
signal. For example, in the case of a low level, the clock
signal is invalid; and in the case of a high level, the clock
signal is valid. The values of the high level and the low level
of the signal are defined by the communication standard.
When the voltage of an input signal is equal to, or larger than
a given specified value, it is judged as high level. When the
voltage of an input signal is equal to, or smaller than another
specified value, it is judged as low level.
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[0062] Then, the command control circuit CMDC of the
memory circuit DRAM receives the command system sig-
nals. As a result, the memory circuit DRAM is rendered in
a stand-by state (also called an idling state). The command
system signals include a chip select signal CS, a row address
strobe signal RAS, a column address strobe signal CAS, and
a write enable signal WE. Combination of the low level and
the high level of the command system signals assigns the
type of the previously set command. Herein, although the
detailed description of the command is omitted, sequential
inputting of a plurality of commands renders the memory
circuit DRAM into the stand-by state.

[0063] Then, before performing the write operation to the
memory circuit DRAM or the read operation from the
memory circuit DRAM, a plurality of command system
signals described above are inputted to the command control
circuit CMDC of the memory circuit DRAM. As a result, the
memory circuit DRAM is put in an active state. Herein,
although the detail description of the commands is omitted,
sequential inputting of a plurality of commands renders the
memory circuit DRAM into an active state.

[0064] Whereas, at the time of the write operation to the
memory circuit DRAM, first, the command control circuit
CMDC receives a write command. The write command is
inputted in the following manner: as with the case where the
circuit is put in the stand-by state, or put in an active state,
the command control circuit CMDC of the memory circuit
DRAM receives the command system signals. Whereas, the
address buffer circuit ABF of the memory circuit DRAM
receives address signals A0 to A13 and a bank address signal
BA. As a result, the write address is assigned. Subsequently,
the command control circuit CMDC of the memory circuit
DRAM receives a NOP (NO OPERATION) command, and
the bank of the memory cell MCA receives a data signal DQ
via a data input/output circuit IOB. The timing of the data
write operation is assigned by the data strobe signal DQS
outputted from a data input/output circuit IOB. Further, the
data input/output circuit IOB receives a data mask signal
DM, thereby to control the advisability of data write. From
this point forward, while being in synchronization with the
pulse of the clock signal CK, the data signal DQ is repeat-
edly inputted. Thus, a write operation is performed.

[0065] Further, at the time of the read operation from the
memory circuit DRAM, first, the command control circuit
CMDC receives a read command. The inputting method of
the read command is the same as the inputting method of the
write command. The command control circuit CMDC of the
memory circuit DRAM receives the plurality of command
system signals. Whereas, the address buffer circuit ABF of
the memory circuit DRAM receives the address signals A0
to A13 and the bank address signal BA. As a result, the write
address is assigned. Subsequently, the command control
circuit CMDC of the memory circuit DRAM receives a NOP
(NO OPERATION) command, and the bank of the memory
cell MCA outputs a data signal DQ via the data input/output
circuit IOB. The timing of the data read operation is assigned
by a data strobe signal DQS outputted from the data input/
output circuit IOB. From this point forward, while being in
synchronization with the pulse of the clock signal CK, the
data signal DQ is repeatedly outputted. Thus, the read
operation is performed.

[0066] In connection with approach for improving the
performances of the semiconductor device 1, the present
inventors have conducted a study on a technology of
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improving the signal transmission rate between a plurality of
semiconductor chips included in the semiconductor device 1
(i.e., the transmission rate of the internal interface) to, for
example, 25 Gbps (25 gigabits per second) or more. As the
method for improving the transmission rate between a
plurality of semiconductor chips, there is a method in which
the width of the data bus of the internal interface is enlarged,
thereby to increase the data amount transmitted per one time
(which will be hereinafter described as bus width enlarge-
ment). Alternatively, as another method, there is a method in
which the number of times of transmission per unit time is
increased (which will be hereinafter described as clock
number increase). Still alternatively, there is a method in
which the bus width enlargement method and the clock
number increase method are combined to be applied.

[0067] The semiconductor device 1 shown in FIGS.1to 3
is a semiconductor device which has undergone a bus width
enlargement and a clock number increase in combination,
thereby to be improved in transmission rate of the internal
interface of each channel to 25 Gbps or more. For example,
the semiconductor device 1 has 128 data transmission paths
for each channel as the transmission paths for data signals
DQ. Namely, in the semiconductor device 1, each channel
has a bus width of 128 bits. Further, the operation frequency
of the transmission path for the data signal DQ is, for
example, 400 MHz (400 megahertz). As a result, the trans-
mission rate of each channel is 25.6 Gbps.

[0068] Herein, as described above, in the case of the
semiconductor device 1 which transmits a plurality of mutu-
ally different types of signals, all of the plurality of trans-
mission paths can be operated at the maximum frequency.
However, it suffices that, of the plurality of transmission
paths, some transmission paths operate at the maximum
frequency. For example, in the example shown in FIGS. 1 to
3, the data signal DQ and the data strobe signal DQS are
operated at the maximum frequency (e.g., 400 MHz). On the
other hand, other signal transmission paths than the data
system can be operated at a smaller frequency than the
maximum frequency. For example, when the determination
method of input/output of data is a DDR (Double Data Rate)
method, data input/output is determined at the times of rising
and falling of an external synchronization clock. For this
reason, the operation frequency of the clock signal CK can
be set at a frequency which is 2 of the maximum frequency
(i.e., the operation frequency of the data signal DQ). In other
words, in the case of the DDR method, the pulse width of the
clock signal CK can be set at a pulse width twice the pulse
width of the data signal DQ. Further, the clock enable signal
CKE is much lower in input frequency than the clock signal
CK or the like. For this reason, the operation frequency of
the clock enable signal CKE can be set at, for example, 1
MHz or less.

[0069] Whereas, the input frequency of the command
system signal is lower than the input frequency of the data
signal DQ. For this reason, for example, the operation
frequency of an input signal of the command system can be
set at a frequency which is Y4 or less of the operation
frequency of the data signal DQ. Further, the input fre-
quency of the address system signal is lower than the input
frequency of the data signal DQ. For this reason, for
example, the operation frequency of an input signal of the
address system can be set at a frequency which is % or less
of the operation frequency of the data signal DQ.
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[0070] The term “frequency” described in the present
application means the number of input operations or output
operations per unit time. Further, the term “pulse width”
described in the present application is the pulse signal
application time in one input operation or output operation.
Therefore, the following relationship holds between the
frequency and the pulse width. Namely, a signal with a large
operation frequency (in other words, a high frequency
operation signal) is required to be shortened in pulse width.
However, a signal with a small operation frequency (in other
words, a low frequency operation signal) can be increased or
decreased in pulse width.

[0071] However, the pulse width for each signal type
based on the pulse width of the clock signal CK is defined
as the standard as shown in, for example, FIG. 34 according
to the determination method of input/output of data. FIG. 34
is an explanatory view showing the relation between the
signal type and the band width of DRAM defined as the
standards of the JEDEC Solid State Technology Association.
The JEDEC Solid State Technology Association is the name
of the institution for performing standardization of the
semiconductor technology. Below, the institution is simply
described as JEDEC. Further, in FIG. 34, there are shown
signal types (function and symbol) in the row direction, and
the type of determination method of input/output of data in
the column direction. Whereas, the numerical values shown
in FIG. 34 represent the lengths of the pulse widths of
respective signals when the pulse width of the clock signal
CK is assumed to be 1 for each determination method of
input/output of data. Further, the expression “<1” represents
a value smaller than 1. The expression “10™ represents a
value equal to or larger than 10. Whereas, the expression “-"
means that there is no corresponding signal.

[0072] <Structure of Semiconductor Device>

[0073] Then, the structure of the semiconductor device 1
shown in FIG. 1 will be described. FIG. 4 is a perspective
view of the semiconductor device shown in FIG. 1. FIG. 5
is a bottom view of the semiconductor device shown in FIG.
4. Whereas, FIG. 6 is a perspective plan view showing the
internal structure of the semiconductor device over a wiring
substrate with a sealing body shown in FIG. 4 removed.
Further, FIG. 7 is a cross sectional view along line A-A of
FIG. 4. Incidentally, in FIGS. 4 to 7, for ease of understand-
ing, the terminals are shown in a reduced number. However,
the number of terminals (bonding leads 2f, lands 2g, and
solder balls 5) is not limited to the embodiments shown in
FIGS. 4 to 7. Further, in FIG. 6, for ease of understanding
of the positional relationship in plan view and a difference
in planar size between the logic chip LC and the memory
chip MC3, the outline of the logic chip LC is shown by a
dotted line.

[0074] As shown in FIG. 7, a wiring substrate 2 has an
upper surface (surface, chip mounting surface) 2a including
a plurality of semiconductor chips 3 mounted thereover, a
lower surface (surface, mounting surface) 26 opposite to the
upper surface 2a, and a side surface 2¢ arranged between the
upper surface 2¢ and the lower surface 2b, and forms a
tetragonal outer shape in plan view as shown in FIGS. 5 and
6. In the example shown in FIGS. 5 and 6, the planar sizes
of the wiring substrate 2 (dimensions in plan view, the
dimensions of the upper surface 2a and the lower surface 24,
outer size) form, for example, a tetragon with a length per
side of about 14 mm. Whereas, the thickness (height) of the
wiring substrate 2, namely, the length between the upper
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surface 2a and the lower surface 26 shown in FIG. 7 is, for
example, about 0.3 mm to 0.5 mm.

[0075] The wiring substrate 2 is an interposer for electri-
cally connecting the semiconductor chip 3 mounted on the
upper surface 2a side with a mounting substrate not shown,
and has a plurality of wiring layers (four layers in the
example shown in FIG. 7) for electrically connecting the
upper surface 2a side with the lower surface 24 side. In each
wiring layer, there is formed an insulation layer 2e for
establishing an insulation between a plurality of wires 2d
and a plurality of wires 2d, and between the adjacent wiring
layers. The wiring substrate 2 shown in FIG. 7 has three
insulation layers 2e. The middle insulation layer 2e is a core
layer (core material). However, a so-called core-less sub-
strate not having an insulation layer 2e serving as a core may
be used. Further, the wires 2d include a wire 2d1 formed on
the upper surface or the lower surface of the insulation layer
2e, and a via wire 2d2 which is an interlayer conductive path
formed in such a manner as to penetrate the insulation layer
2e in the thickness direction.

[0076] Whereas, at the upper surface 2a of the wiring
substrate 2, there are formed a plurality of bonding leads
(terminals, chip mounting surface side terminals, or elec-
trodes) 2f which are terminals (internal interface terminals)
to be electrically connected with the semiconductor chip 3.
On the other hand, at the lower surface 25 of the wiring
substrate 2, there are formed a plurality of lands 2g bonded
with a plurality of solder balls 5 which are terminals for
establishing an electrical connection with a mounting sub-
strate not shown, namely, external connection terminals of
the semiconductor device 1. The plurality of bonding leads
2f and the plurality of lands 2g are electrically connected
with each other via a plurality of wires 2d, respectively.
Incidentally, the wire 2d connected with the bonding lead 2/
and the land 2g is formed integrally with the bonding lead
2f and the land 2g. For this reason, in FIG. 7, the bonding
lead 2f and the land 2g are shown as a part of the wire 2d.
[0077] Further, the upper surface 2a and the lower surface
25 of the wiring substrate 2 are covered with insulation films
(solder resist films) 2/ and 2k, respectively. The wires 2d
formed in the upper surface 2a of the wiring substrate 2 are
covered with the insulation film 2/. In the insulation film 2/,
there are formed openings. At the openings, at least portions
of the plurality of bonding leads 2f (the junction parts with
the semiconductor chip 3, or the bonding regions) are
exposed from the insulation film 2/. Whereas, the wires 2d
formed in the lower surface 25 of the wiring substrate 2 are
covered with the insulation film 2k. In the insulation film 2k,
there are formed openings. At the openings, at least portions
of' the plurality of lands 2g (the junction parts with the solder
balls 5) are exposed from the insulation film 24

[0078] Further, as shown in FIG. 7, the plurality of solder
balls (external terminals, electrodes, or external electrodes)
5 to be bonded with the plurality of lands 2g at the lower
surface 25 of the wiring substrate 2 are arranged in rows (in
an array or in a matrix) as shown in FIG. 5. Further, although
not shown in FIG. 5, the plurality of lands 2g to be bonded
with the plurality of solder balls 5 (see FIG. 7) are also
arranged in rows (in a matrix). The semiconductor device in
which a plurality of external terminals (the solder balls 5 and
the lands 2g) are arranged in rows on the mounting surface
side of the wiring substrate 2 is called an area array type
semiconductor device. The area array type semiconductor
device is preferable in the following point: the mounting
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surface (lower surface 2b) side of the wiring substrate 2 can
be effectively used as the arrangement space for the external
terminals; accordingly, even when the number of external
terminals increases, the semiconductor device can be sup-
pressed in increase in mounting area. In other words, it is
possible to mount a semiconductor device which increases
in number of external terminals with an enhancement of
performances and an enhancement of degree of integration
in a space-saving manner.

[0079] Further, the semiconductor device 1 includes a
plurality of semiconductor chips 3 to be mounted over the
wiring substrate 2. The plurality of semiconductor chips 3
are stacked over the upper surface 2a of the wiring substrate
2. Further, the plurality of semiconductor chips 3 each have
a front surface (a main surface or an upper surface) 3a, a
back surface (a main surface or a lower surface) 35 opposite
to the front surface 3a, and a side surface 3¢ situated
between the front surface 3a and the back surface 35, and
form a tetragonal outer shape in plan view as shown in FIG.
6. Thus, even when the plurality of semiconductor chips 3
are stacked, thereby to enhance the performances of the
semiconductor device 1, the mounting area can be reduced.
[0080] In the example shown in FIGS. 6 and 7, the
semiconductor chip 3 mounted at the lowest stage (the
position closest to the wiring substrate 2) is a logic chip LC
including an arithmetic processing circuit (not shown)
formed therein. Incidentally, in the logic chip L.C, other than
the arithmetic processing circuit, there is formed a control
circuit for controlling the operations of the main storage
circuits of the memory chips MC0, MC1, MC2, and MC3.
[0081] Whereas, the plurality of semiconductor chips 3
mounted over the upper stage of the logic chip LC are the
memory chips MC0, MC1, MC2, and MC3 each including
a memory circuit (main storage circuit) DRAM (see FIG. 3)
for storing data to be communicated with the logic chip LC
formed therein. In the example of FIG. 7, there is shown an
example in which a memory module (semiconductor chip
lamination) MCM which is a lamination of four memory
chips MC (see FIG. 1) is stacked over the back surface 35
of the logic chip LC.

[0082] Further, as shown in FIG. 7, adhesive materials
NCL (insulation adhesive materials) are arranged between
the logic chip L.C and the wiring substrate 2, and between the
logic chip L.C and the memory module MCM, respectively.
The adhesive materials NCL are arranged in such a manner
as to fill the space between the front surface 3a of the
semiconductor chip 3 on the upper stage side and the back
surface 35 of the semiconductor chip 3 on the lower stage
side (or the upper surface 2a of the wiring substrate 2). The
adhesive materials NCL include an adhesive material (insu-
lation adhesive material) NCL1 for bonding and fixing the
logic chip L.C over the wiring substrate 2, and an adhesive
material (insulation adhesive material) NCL2 for bonding
and fixing the memory module MCM over the logic chip
LC. Further, the adhesive materials NCL1 and NCL2 are
each formed of an insulation (non-conductive) material
(e.g., resin material). By arranging the adhesive materials
NCL at the junction part between the logic chip L.C and the
wiring substrate 2, and the junction part between the logic
chip LC and the memory module MCM, it is possible to
establish an electrical insulation between the plurality of
electrodes provided at respective junction parts.

[0083] Further, in the example shown in FIG. 7, the
plurality of memory chips MC0, MC1, MC2, and MC3
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forming the memory module MCM are sealed by a sealing
body 6. In other words, between the semiconductor chips 3
forming the memory module MCM, the sealing body 6 is
embedded in such a manner as to be in close contact with the
front surface 3a and the back surface 35. The sealing body
6 is formed of an insulation (non-conductive) material (e.g.,
resin material). By arranging the sealing body 6 in the
periphery of the electrical connection portions of the
memory chips MC0, MC1, MC2, and MC3, it is possible to
establish an electrical insulation between the plurality of
electrodes provided at respective connection portions. How-
ever, as shown in FIG. 7, the front surface 3a of the memory
chip MCO mounted at the lowest stage (position closest to
the logic chip L.C) of the memory module MCM is exposed
from the sealing body 6. Whereas, as shown in FIGS. 6 and
7, the back surface 35 of the memory chip MC3 arranged at
the uppermost stage (position most distant from the logic
chip LC) of the memory module MCM is exposed from the
sealing body 6.

[0084] Further, the semiconductor device 1 includes a
sealing body 4 for sealing the plurality of semiconductor
chips 3. The sealing body 4 has an upper surface (surface,
front surface) 4a, a lower surface (surface, back surface) 4b
situated opposite to the upper surface 4a (see FIG. 7), and a
side surface 4c situated between the upper surface 4a and the
lower surface 45, and forms a tetragonal outer shape in plan
view. In the example shown in FIG. 4, the planar sizes (the
dimensions as seen from the upper surface 4a side in plan
view, or the outer sizes of the upper surface 4a) of the
sealing body 4 is the same as the planar size of the wiring
substrate 2. The side surface 4c¢ of the sealing body 4 is
continuous to the side surface 2¢ of the wiring substrate 2.
[0085] The sealing body 4 is a resin body for protecting
the plurality of semiconductor chips 3. The sealing body 4
is formed in close contact with between the plurality of
semiconductor chips 3, and the semiconductor chips 3 and
the wiring substrate 2. As a result, it is possible to suppress
the damage of the thin semiconductor chips 3. Further, the
sealing body 4 is formed of, for example, the following
materials from the viewpoint of improving the function as a
protective material. The sealing body 4 is required to tend to
be in close contact with the semiconductor chips 3 and the
wiring substrate 2, and to have a certain degree of hardness
after sealing. For this reason, the sealing body 4 preferably
includes a thermosetting resin such as an epoxy type resin.
Further, in order to improve the function of the sealing body
4 after curing, filler particles such as silica (silicon dioxide;
Si0,) particles are preferably mixed in the resin material.
For example, from the viewpoint of suppressing the damage
of the semiconductor chips 3 due to thermal deformation
after the formation of the sealing body 4, preferably, the
mixing ratio of filler particles is adjusted, thereby to make
the linear expansion coefficients of the semiconductor chip
3 and the sealing body 4 closer to each other.

[0086] <Lamination Structure of Semiconductor Chips>
[0087] Then, a description will be given to the details of
the logic chip L.C and the memory chips MC0, MC1, MC2,
and MC3 shown in FIG. 7 and an electrical connection
method of respective semiconductor chips 3. FIG. 8 is an
enlarged cross sectional view of the A part shown in FIG. 7.
[0088] As described above, the present inventors have
conducted a study on the technology of increasing the signal
transmission rate of the internal interface of a semiconductor
device. The semiconductor device 1 of the present embodi-



US 2017/0330865 Al

ment has undergone a bus width enlargement method and a
clock number increase method in combination, thereby to be
improved in signal transmission rate.

[0089] For example, the memory chips MC0, MC1, MC2,
and MC3 shown in FIG. 7 are so-called wide I/O memories
each having a data bus width of 512 bits. Further, as
described by reference to FIGS. 1 to 3, the operation
frequency for performing input/output of the data signal DQ
with the memory circuit DRAM is, for example, 400 MHz.
[0090] When clock number increase and bus width expan-
sion are combined to be applied, a large number of trans-
mission paths for the data signals DQ are required to be
operated at a high speed. For this reason, from the viewpoint
of reducing the effect of a noise, the data transmission
distance is required to be shortened. Thus, as shown in FIG.
7, the logic chip L.C and the memory chip MCO0 are elec-
trically connected via the conductive members (inter-chip
connection members shown in FIG. 8) arranged between the
logic chip LC and the memory chip MCO0. Further, the
plurality of memory chips MC0, MC1, MC2, and MC3 are
electrically connected via the conductive members (inter-
chip connection members 7) arranged between the plurality
of memory chips MC0, MC1, MC2, and MC3. In other
words, in the semiconductor device 1, the transmission path
between the logic chip L.C and the memory chip MCO0 does
not include the wiring substrate 2 or wires (bonding wires)
not shown. Further, in the semiconductor device 1, the
transmissions paths between the plurality of memory chips
MC0, MC1, MC2, and MC3 do not include the wiring
substrate 2 or wires (bonding wires) not shown.

[0091] In the present embodiment, as a method for estab-
lishing a direct connection between the plurality of semi-
conductor chips 3 not via wires, the following technology is
applied: as shown in FIG. 8, there are formed through
electrodes 3zsv penetrating through the semiconductor chips
3 in the thickness direction; thus, the stacked semiconductor
chips 3 are connected with each other via the through
electrodes 3¢sv. For example, of the plurality of semicon-
ductor chips 3 stacked over the wiring substrate 2, the logic
chip LC, and the memory chips MC0, MC1, and MC2 each
have a plurality of front surface electrodes (electrodes, pads,
or the main surface electrodes) 3ap formed on the front
surface 3a, and a plurality of the back surface electrodes
(electrodes or pads) 3bp formed on the back surface 3b.
Further, the logic chip LC, and the memory chips MCO,
MC1, and MC2 each have a plurality of through electrodes
3tsv formed in such a manner as to penetrate from one to the
other of the front surface 3a and the back surface 35, and
electrically connecting the plurality of front surface elec-
trodes Sap with the plurality of back surface electrodes 35p,
respectively.

[0092] Various circuits (semiconductor elements and
wires connected thereto) included in the semiconductor chip
3 are formed on the front surface 3a side of the semicon-
ductor chip 3. Particularly, the semiconductor chip 3 has a
semiconductor substrate (not shown) formed of, for
example, silicon (Si). At the main surface (element forma-
tion surface) of the semiconductor substrate, there are
formed a plurality of semiconductor elements (not shown)
such as transistors. Over the main surface (the front surface
3a side) of the semiconductor substrate, there is stacked a
wiring layer (not shown) including a plurality of wires and
insulation films for establishing an insulation between the
plurality of wires. The plurality of wires of the wiring layer
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are electrically connected with a plurality of semiconductor
elements, respectively, to form a circuit. The plurality of
front surface electrodes 3ap formed on the front surface 3a
(see FIG. 7) of the semiconductor chip 3 are electrically
connected with the semiconductor elements via the wiring
layer provided between the semiconductor substrate and the
front surface 3a, to form a part of the circuit.

[0093] Therefore, as shown in FIG. 8, the through elec-
trodes 3zsv penetrating through the semiconductor chips 3 in
the thickness direction are formed, and the front surface
electrodes 3ap and the back surface electrodes 3bp are
electrically connected via the through electrodes 3tsv,
respectively. As a result, the back surface electrodes 3bp and
the circuits of the semiconductor chip 3 formed on the front
surface 3a side can be electrically connected with each other.
For example, in the example shown in FIG. 8, of the
plurality of semiconductor chips 3 stacked over the wiring
substrate 2, the logic chip L.C, and the memory chips MC0,
MC1, and MC2 each have a plurality of through electrodes
3tsv. Then, various circuits respectively included in the logic
chip L.C, and the memory chips MC0, MC1, and MC2 and
the plurality of back surface electrodes 3bp are electrically
connected with each other via the plurality of through
electrodes 3tsv.

[0094] Further, the back surface electrodes 3bp of the
semiconductor chip 3 on the lower stage side and the front
surface electrodes 3ap of the semiconductor chip 3 on the
upper stage side are electrically connected with each other
via the conductive members such as the inter-chip connec-
tion members (projection electrodes or bump electrodes) 7,
respectively. In other words, the circuit included in the
semiconductor chip 3 on the lower stage side and the circuit
included in the semiconductor chip 3 on the upper stage side
are electrically connected with each other via the plurality of
through electrodes 3zsv and the plurality of inter-chip con-
nection members 7.

[0095] Thus, in the present embodiment, the circuits
included in the semiconductor chips 3 are electrically con-
nected via the through electrodes 3#sv penetrating through
the semiconductor chips 3 in the thickness direction and the
inter-chip connection members 7 arranged between the
stacked semiconductor chips 3. As a result, it is possible to
exclude the wiring substrate 2 and wires (bonding wires) not
shown from the transmission paths. In consequence, the
impedance components in the transmission paths between
the plurality of stacked semiconductor chips 3 are reduced,
which can reduce the effect of a noise due to a higher clock
number. In other words, even when the signal transmission
rate between the plurality of stacked semiconductor chips 3
is improved, the transmission reliability can be improved.
[0096] Incidentally, in the example shown in FIG. 8, the
memory chip MC3 mounted at the uppermost stage may be
desirably connected with the memory chip MC2. Accord-
ingly, a plurality of front surface electrodes 3ap are formed,
but a plurality of back surface electrodes 3bp and a plurality
of through electrodes 3#sv are not formed. Thus, the memory
chip MC3 mounted at the uppermost stage does not include
a plurality of back surface electrodes 3bp or a plurality of
through electrodes 3#sv. By adopting this structure, it is
possible to simplify the manufacturing step of the memory
chip MC3. However, although not shown, as a modified
example, the memory chip MC3 may also have a structure
including a plurality of back surface electrodes 3bp and a
plurality of through electrodes 3#sv as with the memory
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chips MC0, MC1, and MC2. In this case, by allowing the
plurality of stacked memory chips MC0, MC1, MC2, and
MC3 to have the same structure, it is possible to improve the
manufacturing efficiency.

[0097] Further, the semiconductor chip 3 including
through electrodes 3#sv as with the logic chip L.C, and the
memory chips MCO0, MC1, and MC2 shown in FIG. 8
preferably each have a thinner (smaller) thickness, namely,
clearance distance between the front surface 3a and the back
surface 3b. A reduction of the thickness of the semiconduc-
tor chip 3 results in shortening of the transmission distance
of the through electrode 3#sv, and hence is preferable in that
the impedance component can be reduced. Further, when
openings (including through holes and non-through holes)
are formed in the thickness direction of the semiconductor
substrate, the larger the depth of the holes, the lower the
processing precision is. In other words, when the thickness
of the semiconductor chip 3 is reduced, it is possible to
improve the processing precision of the openings for form-
ing the through electrodes 3#sv. Accordingly, it is possible to
make uniform the diameters of the plurality of through
electrodes 3#sv (the length or width in the orthogonal direc-
tion with respect to the thickness direction of the semicon-
ductor chip 3). For this reason, it becomes easy to control the
impedance components of the plurality of transmission
paths.

[0098] In the example shown in FIG. 8, the thickness of
the logic chip LC is smaller than the thickness of the
memory module MCM of the plurality of memory chips
MC0, MC1, MC2, and MC3 (see FIG. 7) arranged over the
logic chip LC. Further, the thickness of the logic chip LC is
smaller than the thickness of the memory chip MC3
mounted at the uppermost stage, and not including the
through electrodes 3#sv formed therein of the plurality of
memory chips MC0, MC1, MC2, and MC3. For example,
the thickness of the logic chip LC is about 50 um. In
contrast, the thickness of the memory chip MC3 is about 80
pum to 100 pm. Whereas, the thickness of the memory
module MCM of the plurality of memory chips MC0, MC1,
MC2, and MC3 (see FIG. 7) is about 260 pm.

[0099] When the semiconductor chip 3 is reduced in
thickness as described above, the semiconductor chip 3 may
be damaged with the semiconductor chip 3 exposed. In
accordance with the present embodiment, as shown in FIG.
7, the sealing body 4 is brought in close contact with the
plurality of semiconductor chips 3 for sealing. Accordingly,
the sealing body 4 functions as a protecting member for the
semiconductor chips 3, and can suppress damages of the
semiconductor chip 3. In other words, in accordance with
the present embodiment, by sealing the plurality of semi-
conductor chips 3 with a resin, it is possible to improve the
reliability (durability) of the semiconductor device 1.
[0100] Further, in the case of the semiconductor device 1
in which the semiconductor chips 3 including the through
electrodes 3¢sv are stacked, the distance between the stacked
semiconductor chips 3 is preferably reduced from the view-
point of shortening the transmission distance. For example,
in the example shown in FIG. 8, the clearance distance
between the back surface 356 of the semiconductor chip 3 on
the lower stage side and the front surface 3a of the semi-
conductor chip 3 on the upper stage side is about 5 um to 20
um. Whereas, the distance between the front surface 3a of
the logic chip L.C and the upper surface 2a of the wiring
substrate 2 is, for example, about 10 um to 20 pm. For the
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semiconductor device 1 in which the semiconductor chips 3
including the through electrodes 3zsv are thus stacked,
preferably, the reduction of the thickness of and the clear-
ance distance between the semiconductor chip 3 shortens the
transmission distance.

[0101] <Details of Semiconductor Chip Connection Part>
[0102] Then, a description will be given to the detailed
structure of the connection part for establishing an electrical
connection between the semiconductor chips 3 shown in
FIG. 8. FIG. 9 is an enlarged cross sectional view showing
the structure of a connection part for electrically connecting
the semiconductor chips shown in FIG. 8. Whereas, FIG. 10
is an explanatory view showing some of a large number of
electrodes included in the semiconductor chip on an
enlarged scale in order to show the planar positional relation
between a plurality of electrodes and solder materials shown
in FIG. 9. In FIG. 10, in order to show the state in which the
structure of adjacent solder materials in contact with each
other and the structure of the adjacent solder materials
spaced apart from each other are present in a mixed manner,
the front surface electrodes or the back surface electrodes,
and the solder materials are shown in an overlapping rela-
tion. Further, in FIG. 10, in order to clearly show the type of
the signal current flowing through each of the plurality of
electrodes, the flowing signal type is shown with an under-
line at the center of the electrode forming a circle. For
example, the front surface electrode AP2 and the back
surface electrode BP2 described as underlined DQ1, DQ2,
DQ3, DQ4, or DQ5 passes the data signal DQ described by
reference to FIG. 3 therethrough. Whereas, the front surface
electrode AP1 and the back surface electrode BP1 described
as underlined CKE pass the clock enable signal CKE
described by reference to FIG. 3 therethrough.

[0103] In the example shown in FIG. 9, the front surface
electrode Sap and the back surface electrode 3bp are elec-
trically connected with each other via an inter-chip connec-
tion member 7 including a metal pillar CPL, a metal film
TMF formed on the tip surface of the metal pillar CPL, and
a solder material SDB bonded to the metal film TMF and the
back surface electrode 3bp. Incidentally, FIG. 9 shows one
example of the structure of the connection portion (inter-
chip connection member 7) for electrically connecting the
front surface electrode 3ap of the semiconductor chip 3 on
the upper stage side with the back surface electrode 3bp of
the semiconductor chip 3 on the lower stage side. However,
the structures of the inter-chip connection member 7 include
various modified examples.

[0104] The front surface electrode 3ap is a metal film
formed on the front surface 3a side of the semiconductor
chip 3, and is formed of a metal material including, for
example, aluminum (Al) as a main component (other than
aluminum, an element such as copper or silicon may be
included). The front surface 3a of the semiconductor chip 3
is covered with an insulation film (a protective film or a
passivation film) PF which is, for example, silicon nitride
(SiN). A part of the front surface electrode Sap is exposed at
the opening formed in the insulation film PF.

[0105] Whereas, the metal pillar CPL is a pillar-shaped
metal member to be bonded with the front surface electrode
3ap, and is formed of, for example, copper (Cu). The
pillar-shaped metal member formed of copper is called a Cu
pillar. The copper forming the metal pillar CPL has a higher
melting point than that of the solder material SDB. For this
reason, in the reflow step of electrically connecting the
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semiconductor chips 3 to be stacked, the metal pillar CPL is
not molten. Therefore, it becomes easy to control the clear-
ance distance between the semiconductor chips 3 to be
stacked. Further, the copper forming the metal pillar CPL
has a larger electrical conductivity than that of the solder
forming the solder material SDB. For this reason, when the
amount of the solder material SDB can be reduced by
allowing the metal pillar CPL to be interposed between the
front surface electrode 3ap and the back surface electrode
3bp, the impedance in the transmission path can be reduced.
[0106] Further, the metal film TMF formed on the tip
surface (the surface situated opposite to the junction surface
with the front surface electrode Sap) of the metal pillar CPL
is a metal film formed of, for example, nickel (Ni). By
forming the metal film TMF at the junction surface with the
solder material SDB, it is possible to improve the wettability
of the solder material SDB. Further, by covering the con-
nection portion of the metal pillar CPL with the solder
material SDB with the metal film TMF such as nickel, it is
possible to suppress the oxidation of the connection surface.
[0107] Further, the solder material SDB is a connection
member for being molten by being subjected to the reflow
treatment (heat treatment), and connecting metals. The sol-
der materials include various modified examples. In the
present embodiment, the solder material SDB is formed of
a so-called lead-free solder substantially not including lead
(Pb). Examples of the solder material called a lead-free
solder include only tin (Sn), tin-bismuth (Sn—Bi), or tin-
silver-copper (Sn—Ag—Cu). Herein, the lead-free solder
means a solder having a lead (Pb) content of 0.1 wt % or
less. The content is defined as a standard of the RoHs
(Restriction of Hazardous Substances) directive.

[0108] Further, the back surface electrode 3bp is a metal
film formed on the back surface 35 side of the semiconduc-
tor chip 3, and in the example shown in FIG. 9, is formed of
copper, and is formed integrally with the through electrode
3tsv.

[0109] Herein, as shown in FIG. 9, in the present embodi-
ment, in some inter-chip connection members 7 of the
plurality of inter-chip connection members 7, the solder
materials SDB2 of the inter-chip connection members 7
arranged adjacent to each other are in contact with each
other, and are integrated. The reason why the adjacent solder
materials SDB2 are thus brought into contact with each
other will be described below.

[0110] As described above, in the present embodiment, the
bus width enlargement method and the clock number
increase method are combined to be applied, thereby to
increase the signal transmission rate. Accordingly, the semi-
conductor chips 3 arranged in a stacked manner are electri-
cally connected via the inter-chip connection members 7,
thereby to reduce the transmission distance, resulting in the
reduction of the impedance. However, it is indicated as
follows: from the viewpoint of stabilizing the communica-
tion quality among the plurality of semiconductor chips 3, it
is necessary not only to simply reduce the absolute value of
the impedance, but also to consider the variations in imped-
ance among a plurality of transmission paths.

[0111] When the transmission path is formed of a member
having a small volume as with the inter-chip connection
member 7, the variations in shape and volume among the
inter-chip connection members 7 derived from the process-
ing precision in manufacturing largely affect the variations
in impedance among a plurality of transmission paths.
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[0112] Particularly, when the operation frequency of the
signal transmission path is increased, the pulse width is
required to be shortened. For this reason, a phenomenon
called a so-called skin effect is required to be considered.
The skin effect is a phenomenon occurs on the following
principle. Namely, when electrical charges move in a con-
ductor, under the effect of the magnetic field generated due
to the movement of the electrical charges causes a counter
electromotive force in the conductor. Further, a decrease in
pulse width results in an uneven distribution of the counter
electromotive force in the conductor. As a result, the current
density of the surface of the conductor becomes relatively
higher than that of the central part of the conductor. In other
words, a decrease in pulse width of a signal causes the
current flow paths to be concentrated to the surface of the
conductor. In other words, when the frequency of the signal
current increases, the current flow paths concentrate to the
surface of the conductor. In consideration of the skin effect,
the volume of the portion of the inter-chip connection
member 7 through which a signal current mainly flows
becomes still further smaller than the volume of the whole
inter-chip connection member 7. For this reason, the varia-
tions in shape and volume among the inter-chip connection
members 7 particularly largely affect the variations in
impedance among the plurality of transmission paths.

[0113] Whereas, the solder material SDB formed of a
metal material having a relatively smaller electrical conduc-
tivity of the inter-chip connection member 7 more largely
affects the variations in impedance than the metal pillar CPL
and the metal film TMF.

[0114] Thus, in the present embodiment, as shown in
FIGS. 9 and 10, in some of the inter-chip connection
members 7 arranged adjacent to each other, the solder
materials SDB2 come in contact with each other, and are
integrated. In other words, the plurality of inter-chip con-
nection members 7 include the inter-chip connection mem-
bers 71 separated from the adjacent inter-chip connection
members 7, and the inter-chip connection members 72 in
which the adjacent inter-chip connection members 7 are in
contact with each other. As shown in FIG. 10, the surface
area of the integrated adjacent solder materials SDB2 is
larger than the surface area of the solder material SDB not
in contact with the adjacent solder material SDB. For this
reason, even when a variation is caused in shape or volume
among the plurality of solder materials SDB2 under the
influence of the processing precision or the like, it is possible
to reduce the effect exerted on the variation in impedance
among the plurality of transmission paths through the plu-
rality of solder materials SDB2. Below, the structure in
which at least portions of the inter-chip connection members
7 arranged adjacent to each other are in contact with each
other to be integrated as with the solder materials SDB2
shown in FIGS. 9 and 10 will be described as an adjacent
solder material integrated structure. On the other hand, the
structure in which the inter-chip connection members 7
arranged adjacent to each other are respectively formed
separately as with the solder materials SDB1 shown in
FIGS. 9 and 10 will be described as a solder material
separated structure.

[0115] Further, as shown in FIGS. 9 and 10, in the present
embodiment, the distance SL1 between the back surface
electrodes BP2 connected with the integrated solder mate-
rials SDB2 of the plurality of back surface electrodes 3bp is
smaller than the distance SL2 between the back surface
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electrode BP1 connected with the solder material SDB1 and
the back surface electrode BP2. Whereas, as shown in FIG.
10, the distance SL1 between the back surface electrodes
BP2 connected with the integrated solder materials SDB2 is
smaller than the distance SL.3 between the back surface
electrodes BP2 through which mutually different signals
flow, and the distance SL.4 between the back surface elec-
trodes BP1.

[0116] Further, as shown in FIG. 9, in the present embodi-
ment, the plurality of front surface electrodes Sap of the
semiconductor chip 3 on the upper stage side are arranged in
such a manner as to face to the plurality of back surface
electrodes 3bp of the semiconductor chip 3 on the lower
stage side, respectively. Therefore, The positional relation-
ship between the back surface electrodes BP1 and BP2
described above also applies to the front surface electrodes
AP1 and AP2. Namely, the distance SL.1 between the front
surface electrodes AP2 connected with the integrated solder
materials SDB2 of the plurality of front surface electrodes
3ap is smaller than the distance SL.2 between the front
surface electrode AP1 connected with the solder material
SDB1 and the front surface electrode AP2. Whereas, as
shown in FIG. 10, the distance SLL1 between the front
surface electrodes AP2 connected with the integrated solder
materials SDB2 is smaller than the distance SL3 between the
front surface electrodes AP2 through which mutually dif-
ferent signals flow, and the distance S.4 between the front
surface electrodes AP1.

[0117] For example, in the example shown in FIG. 10, the
distance SL1 is about 8 um. In contrast, the distance SI.2 and
the distance SL3 are each about 40 um, and the distance SL.4
is about 20 um. In the step of stacking the semiconductor
chips 3 (see FIG. 9), the solder material SDB is molten for
bonding. At this step, when the distance between the adja-
cent electrodes is small, the adjacent solder materials SDB
are in contact with each other, and become more likely to be
integrated. In other words, when the clearance distance SL.1
between the adjacent front surface electrodes AP2 and
between the adjacent back surface electrodes BP2 is
reduced, the solder materials SDB2 are in contact with each
other, and become more likely to be bonded. On the other
hand, the distance between electrodes through which differ-
ent signal currents flow is required to be set at such a degree
that the solder materials SDB are not in contact with each
other from the viewpoint of preventing the short circuit.
Therefore, in the present embodiment, as shown in FIG. 10,
the distance SL1 is smaller than each of the distance SL2, the
distance SL3, and the distance SL4.

[0118] Further, in the example shown in FIG. 9, the
distance TL1 between the front surface electrode Sap and the
back surface electrode 3bp of the semiconductor chip 3 on
the upper stage side is about 15 pm to 20 um. In other words,
in the example shown in FIG. 9, the adjacent electrodes are
arranged closer to each other to such a degree that the
distance SL1 is smaller than the distance TL1. This makes
the solder materials SDB2 more likely to be integrated.
However, in the example shown in FIG. 9, the metal pillar
CPL is interposed between the front surface electrode 3ap
and the back surface electrode 3bp. Accordingly, the dis-
tance SL1 is smaller than the distance TL1. However, the
structures of the inter-chip connection members 7 include
various modified examples other than that shown in FIG. 9.
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Therefore, the distance TLL1 may be smaller than the dis-
tance SL1 according to the structure of the inter-chip con-
nection members 7.

[0119] Incidentally, from the viewpoint of simply reducing
the variation in impedance, it can also be considered that all
the transmission paths have the adjacent solder material
integrated structure as with the solder material SDB2. How-
ever, when the structure is applied to all the transmission
paths, the electrode arrangement space in plan view
increases, resulting in an increase in size of the package.
Thus, in the present embodiment, an order of priority is fixed
for the application of the adjacent solder material integrated
structure in which the adjacent solder materials SDB are in
contact with each other. Thus, the adjacent solder material
integrated structure is applied to some transmission paths,
and the solder material separated structure (the structure as
that of the solder material SDB1 shown in FIGS. 9 and 10)
is applied to others.

[0120] Particularly, the adjacent solder material integrated
structure is applied to the path for transmitting a data signal
DQ and the path for transmitting a data mask signal DM of
the transmission paths electrically connected with the data
input/output circuit IOB shown in FIG. 3. Incidentally, in
FIG. 10, the data signal DQ transmission path is exemplarily
shown. However, the data mask signal DM transmission
path also forms the same structure as that of the solder
material SDB2 shown in FIG. 10. For the path for trans-
mitting a data signal DQ and the path for transmitting a data
mask signal DM, the ratio of the pulse width to the clock
signal CK is 1 or less in each of the data input/output forms
shown in FIG. 34. Further, the path for transmitting a data
signal DQ has the maximum operation frequency (e.g., 400
MHz). Therefore, the skin effect is relatively more likely to
occur. Therefore, application of the adjacent solder material
integrated structure produces a particularly large effect of
suppressing the variation in impedance.

[0121] Further, to the path for transmitting a clock signal
CK of the transmission paths connected to the clock oscil-
lation circuit CKG shown in FIG. 3, there is applied the
adjacent solder material integrated structure shown in FIGS.
9 and. 10. FIG. 10 is a view showing portions of a large
number of electrodes on an enlarged scale, and hence does
not show the transmission path for a clock signal CK shown
in FIG. 3. However, the transmission path of the clock signal
CK also forms the same structure as that of the solder
material SDB2 shown in FIG. 10. The pulse width of the
clock signal CK is an object to be compared with the pulse
widths of other signals. For this reason, as shown in FIG. 34,
the proportional function (the ratio with respect to the
reference value) of the pulse width is 1. Further, the path for
transmitting the clock signal CK has the second largest
frequency after the path for transmitting a data signal DQ
(e.g., 200 MHz). Therefore, by applying the adjacent solder
material integrated structure thereto, it becomes easy to
produce an effect of suppressing the variation in impedance.
[0122] In the present embodiment, to other transmission
paths than the transmission paths described above, such as
a transmission path connected with the command control
circuit CMDC, a transmission path connected with the
address buffer circuit ABF, or the path for transmitting a
clock enable signal CKE, there is applied the solder material
separated structure. Whereas, other than the signal transmis-
sion paths, to the transmission paths connected with a power
supply control circuit PSM for driving the memory circuit
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DRAM shown in FIG. 3, and for supplying a power supply
potential or a reference potential, there is applied the solder
material separated structure. Namely, the adjacent solder
materials SDB are not in contact with each other. FIG. 10 is
an enlarged view of portions of a large number of electrodes,
and hence exemplarily shows a chip select signal CS, a clock
enable signal CKE, and a data reference potential VssQ of
the transmission paths. Therefore, the transmission paths for
those other than the data signal DQ, the data mask signal
DM, and the clock signal CK described below, in other
words, the transmission paths to which the solder material
separated structure is applied in the present embodiment
include the following paths. Namely, in the present embodi-
ment, the transmission paths to which the solder material
separated structure is applied include the transmission paths
for a clock enable signal CKE, a chip select signal CS, a row
address strobe signal RAS, a column address strobe signal
CAS, a write enable signal WE, address signals A0 to A13,
a bank address signal BA, and a reset signal RST. Further,
in the present embodiment, the solder material separated
structure is also applied to the signal transmission path for
a data strobe signal DQS.

[0123] The transmission paths for those other than a data
signal DQ, a data mask signal DM, and a clock signal CK
are longer in pulse width than the path for transmitting a data
signal DQ, a path for transmitting a data mask signal DM,
and a path for transmitting a clock signal CK. Further, the
transmission paths for those other than a data signal DQ, a
data mask signal DM, and a clock signal CK are smaller in
frequency than the path for transmitting a data signal DQ
(e.g., 100 MHz or less). Therefore, in the present embodi-
ment, to the transmission path having a relatively longer
pulse width, there is applied the solder material separated
structure, thereby to save the electrode arrangement space in
plan view.

[0124] Then, a description will be given to the layout of
the electrodes in plan view of each of the plurality of stacked
semiconductor chips 3. FIG. 11 is a plan view showing the
front surface side of the memory chip shown in FIG. 7; FIG.
12 is a plan view showing the back surface side of the
memory chip shown in FIG. 11. Whereas, FI1G. 13 is a plan
view showing the front surface side of the logic chip shown
in FIG. 7; and FIG. 14 is a plan view showing the back
surface side of the logic chip shown in FIG. 13. Incidentally,
in FIGS. 11 to 14, for ease of understanding, the electrodes
are shown in a reduced number. However, the number of the
electrodes (the front surface electrodes 3ap, the back surface
electrodes 3bp, and the through electrodes 3#sv) is not
limited to the embodiments shown in FIGS. 11 to 14.
Whereas, FIG. 12 shows aback surface view of the memory
chips MC0, MC1, and MC2. However, the structure of the
back surface of the memory chip MC3 (see FIG. 7) in which
the back surface electrode 3bp is not formed is shown in
FIG. 6, and hence is not shown.

[0125] As shown in FIG. 11, on the front surface 3a side
of the memory chips MC0, MC1, MC2, and MC3 (particu-
larly, over the main surface of the semiconductor substrate),
there are arranged a plurality of memory mats MM. The
memory mat MM is a memory circuit formation region in
which a plurality of memory cells MCA described by
reference to FIG. 3 are arranged in an array. In the example
shown in FIG. 11, there are formed four memory mats MM
corresponding to the four channels.
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[0126] Herein, as shown in FIG. 11, a plurality of front
surface electrodes 3ap included in the memory chips MCO,
MC1, MC2, and MC3 are arranged in a collected manner at
the central part at the front surface 3a. When, as shown in
FIG. 11, the plurality of front surface electrodes 3ap
included in the memory chip MC are arranged in a collected
manner at the central part of the front surface 3a, the
memory mats MM for four channels can be arranged in such
a manner as to surround the region in which the front surface
electrode group is arranged. In this case, it is possible to
equalize the distances between respective memory mats MM
and the front surface electrodes 3ap. In other words, when
the plurality of front surface electrodes 3ap are arranged
each closer to the center of the front surface 3a as shown in
FIG. 11, it is possible to equalize the lengths of respective
transmission paths of a plurality of channels. This is pref-
erable in that the error in transmission rate of each channel
can be reduced.

[0127] Further, as shown in FIG. 8, the plurality of front
surface electrodes 3ap of the memory chips MC0, MC1, and
MC2, and the plurality of back surface electrodes 3bp of the
memory chips MCO0, MC1, and MC2 are arranged at posi-
tions overlapping in the thickness direction, and are electri-
cally connected with each other via the plurality of through
electrodes 3tsv, respectively. Therefore, as shown in FIG.
12, the plurality of back surface electrodes 3bp included in
the memory chips MC0, MC1, and MC2 are arranged in a
collected manner at the central part of the back surface 35.
This can minimize the length of the transmission path
penetrating through the memory chips MC0, MC1, and
MC2.

[0128] Further, as shown in FIG. 8, the plurality of back
surface electrodes 3bp of the logic chip L.C and the plurality
of front surface electrodes 3ap of the memory chip MCO0 are
respectively arranged at positions overlapping in the thick-
ness direction, and are electrically connected with each other
via the inter-chip connection members 7, respectively.
Therefore, as shown in FIG. 14, the plurality of back surface
electrodes 3bp included in the logic chip L.C are arranged in
a collected manner at the central part of the back surface 35.
This can minimize the length of the transmission path for
connecting the memory chip MCO0 with the logic chip L.C.
[0129] Further, as shown in FIG. 13, some (a plurality of
front surface electrodes 3apl) of the plurality of front
surface electrodes 3ap included in the logic chip L.C are
arranged at the central part at the front surface 3a. Whereas,
others (a plurality of front surface electrodes 3ap2) of the
plurality of front surface electrodes 3ap included in the logic
chip LC are arranged along the sides (side surfaces 3¢) of the
front surface 3a at the outer edge part of the front surface 3a.
Of the plurality of front surface electrodes 3ap shown in
FIG. 13, a plurality of front surface electrodes 3ap1 arranged
at the central part of the front surface 3a are electrically
connected with the back surface electrodes 35p through the
through electrodes 3zsv shown in FIG. 8. In other words, the
plurality of front surface electrodes 3apl are electrodes for
internal interface.

[0130] Further, the planar size of the logic chip LC is
smaller than each planar size of the memory chips MCO,
MC1, MC2, and MC3. Whereas, as shown in FIG. 6, at the
semiconductor device 1, in plan view, the central part
(central region) of the back surface 356 of the logic chip LC
is arranged in such a manner as to overlap the central part
(central region) of the memory chip MC3. In other words, in
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plan view, the four side surfaces 3¢ of the memory chip MC3
are arranged outside the four side surfaces 3¢ of the logic
chip LC. In other words, the plurality of semiconductor
chips 3 are stacked and mounted over the wiring substrate 2
so that the four side surfaces 3¢ of the memory chip MC3 are
situated between the four side surfaces 3¢ of the logic chip
LC and the four side surfaces 2¢ of the wiring substrate 2.
Further, the memory chips MC0, MC1, and MC2 shown in
FIG. 7 are arranged at the position overlapping (the same
position as) the memory chip MC3.

[0131] For this reason, in plan view, each outer edge part
(each outer edge part of the front surface 3a and the back
surface 3b) of the memory chips MC0, MC1, MC2, and
MC3 is arranged at the position overlapping the peripheral
region outside the logic chip L.C. In other words, the logic
chip LC is not present between each outer edge part of the
memory chips MC0, MC1, MC2, and MC3 and the wiring
substrate 2 (e.g., see FIG. 7).

[0132] Thus, in order to arrange the front surface elec-
trodes 3ap and the back surface electrodes 3bp for internal
interface shown in FIG. 8 of each semiconductor chip 3 at
the positions overlapping in the thickness direction, at least
the front surface electrode 3ap and the back surface elec-
trode 3bp for internal interface are preferably arranged at the
positions overlapping the logic chip LC in the thickness
direction. Further, at the outer edge part of the logic chip LC,
as shown in FIG. 13, there are arranged a plurality of front
surface electrodes 3ap2 for external interface. Therefore, at
the front surface 3a of the logic chip LC, the plurality of
front surface electrodes 3apl for internal interface are
preferably arranged in a collected manner at the central part
of the front surface 3a.

[0133] Further, of the plurality of front surface electrodes
3ap shown in FIG. 13, a plurality of front surface electrodes
3ap2 arranged at the outer edge part of the front surface 3a
are electrically connected with an external device not shown
via the wiring substrate 2 shown in FIG. 7. Particularly, the
front surface electrode 3ap2 is electrically bonded with the
bonding lead 2f (see FIG. 7) via a bump (an electrode or an
external terminal) 8. In other words, a plurality of front
surface electrodes 3ap2 are electrodes for external interface.
The bump 8 for electrically connecting the logic chip L.C
with the wiring substrate 2 (see FIG. 8) is a metal member
obtained by stacking a nickel (Ni) film or a solder film
(solder material) at the tip of a member formed in, for
example, a pillar shape (e.g., a cylindrical shape), and
including copper (Cu) as a main component. The solder film
at the tip is bonded with the back surface electrode 3bp,
thereby to establish an electrical connection therebetween.
[0134] Incidentally, when the front surface electrodes
3apl collected at the central part of the front surface 3a of
the logic chip L.C shown in FIG. 13 are used as electrodes
exclusively for internal interface, the front surface elec-
trodes 3apl can be allowed to function even without being
electrically connected with the wiring substrate 2 shown in
FIG. 8. However, when some of the front surface electrodes
3apl are electrically connected with the bonding lead 2f of
the wiring substrate 2 as shown in FIG. 8, this configuration
is preferable in that some of the front surface electrodes
3apl can be used as the electrodes for external interface.
[0135] For example, in each of the memory chips MCO,
MC1, MC2, and MC3, there is formed a power supply
control circuit PSM for driving the memory circuit DRAM
shown in FIG. 3. As the terminal for supplying a power
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supply potential (first potential) or a reference potential (a
second potential different from the first potential, e.g., a
ground potential) to the power supply control circuit PSM,
conceivably, some of the front surface electrodes 3apl
shown in FIG. 13 are used. In other words, in the example
shown in FIG. 13, the plurality of front surface electrodes
3ap1 arranged at the central part of the front surface 3a of
the logic chip LC include a first potential electrode to which,
for example, a power supply potential is supplied, and a
second potential electrode to which a second potential (e.g.,
ground potential) different from the first potential is sup-
plied.

[0136] When the signal transmission rate is improved,
from the viewpoint of suppressing the destabilization of the
operation due to instantaneous voltage drop or the like, it is
preferable to shorten the transmission distance between the
power supply source and the power supply consuming
circuit. Thus, some of the front surface electrodes 3apl of
the logic chip LC are electrically connected with the wiring
substrate 2, and are supplied with a first potential (e.g.,
power supply potential) or a second potential (e.g., ground
potential). This is preferable in being capable of shortening
the distance to the driving circuits of the memory chips
MC0, MC1, MC2, and MC3 each including a power supply
consuming circuit. Further, for the first potential electrode to
which the first potential is supplied and the second potential
electrode to which the second potential different from the
first potential is supplied, it is preferable that, as shown in
FIG. 8, the front surface electrode 3ap and the back surface
electrode 3bp overlap each other in the thickness direction,
and are electrically connected with each other via the
through electrode 3#sv.

[0137] <Manufacturing Method of Semiconductor
Device>
[0138] Then, a description will be given to the manufac-

turing steps of the semiconductor device 1 described by
reference to FIGS. 1 to 8. The semiconductor device 1 is
manufactured in accordance with the flow shown in FIG. 15.
FIG. 15 is an explanatory view showing the outline of a
manufacturing step of the semiconductor device described
by reference to FIGS. 1 to 8.

[0139]

[0140] First, in a substrate provision step shown in FIG.
15, a wiring substrate 20 shown in FIG. 16 is provided. FIG.
16 is a plan view showing the overall structure of the wiring
substrate provided in the substrate provision step shown in
FIG. 15.

[0141] As shown in FIG. 16, the wiring substrate 20
provided in the present step includes a plurality of device
formation parts 20a inside a frame part (outer frame) 205.
Particularly, the plurality of (27 in FIG. 16) device formation
parts 20a are arranged in rows. Each of the plurality of
device formation parts 20a corresponds to the wiring sub-
strate 2 shown in FIGS. 4 to 8. The wiring substrate 20 is a
so-called multi-piece substrate having a plurality of device
formation parts 20a and dicing lines (dicing regions) 20c¢
between respective device formation parts 20a. Thus, use of
a multi-piece substrate including the plurality of device
formation parts 20a can improve the manufacturing effi-
ciency. Further, in respective device formation parts 20a,
there are formed the constituent members of the wiring
substrate 2 described by reference to FIG. 7, respectively.

<Substrate Provision Step>
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[0142] <First Adhesive Material Arrangement Step>
[0143] Then, in a first adhesive material arrangement step
shown in FIG. 15, as shown in FIGS. 17 and 18, over a chip
mounting region 2p1 of the upper surface 2a of the wiring
substrate 20, there is arranged an adhesive material NCL1.
FIG. 17 is an enlarged plan view showing the state in which
an adhesive material is arranged on each of a plurality of
device formation parts of the wiring substrate shown in FIG.
16. Incidentally, in FIG. 17, in order to show the positions
of the chip mounting regions 2p1 and 2p2, the device
formation part 20qa, and the dicing line 20c, the outlines of
the chip mounting regions 2p1 and 2p2, and the device
formation part 20a are each indicated with a phantom line.
However, the chip mounting regions 2pl and 2p2 are the
regions intended for mounting the logic chip LC and the
memory module MCM (see FIG. 7) thereover, respectively.
For this reason, an actually visible boundary line is not
required to be present. Whereas, also for the device forma-
tion part 20a and the dicing line 20c¢, an actually visible
boundary line is not required to be present. Incidentally,
below, when the chip mounting regions 2p1 and 2p2, the
device formation part 20a, and the dicing line 20c¢ are shown
in plan view, an actually visible boundary line is similarly
not required to be present.

[0144] In general, when a semiconductor chip is mounted
over a wiring substrate by a face down mounting method
(flip chip connection method), there is performed a method
(post injection method) in which after electrically connect-
ing the semiconductor chip and the wiring substrate, the
connection portion is sealed with a resin. In this case, from
the nozzle arranged in the vicinity of the gap between the
semiconductor chip and the wiring substrate, a resin is
supplied. Thus, the resin is filled in the gap using the
capillarity.

[0145] On the other hand, in the example described in the
present embodiment, before mounting the logic chip LC (see
FIG. 13) over the wiring substrate 20 in a first chip mounting
step described later, the adhesive material NCL1 is arranged
in the chip mounting region 2p1. Thus, the logic chip LC is
pressed from the top of the adhesive material NCL1, and is
electrically connected with the wiring substrate 20. By this
method (first coating method), the logic chip LC is mounted.
[0146] In the case of the post injection method, the resin
is filled in the gap using the capillarity. For this reason, the
treatment time (the time during which the resin is injected)
for one device formation part 20a increases. On the other
hand, in the case of the first coating method, at the time point
when the tip (e.g., the bump 8 shown in FIG. 8) of the logic
chip LC and the junction part of the bonding lead 2f come
in contact with each other, the adhesive material NCL1 has
already been filled between the wiring substrate 20 and the
logic chip LC. Therefore, as compared with the post injec-
tion method, this method is preferable in being capable of
shortening the treatment time for one device formation part
20a, and improving the manufacturing efficiency.

[0147] However, as a modified example with respect to the
present embodiment, with the order of the first chip mount-
ing step and the first adhesive material arrangement step
shown in FIG. 15 inverted, the post injection method is
applicable. For example, when the number of product for-
mation regions to be formed in one step is smaller, the
difference in treatment time is smaller. For this reason, even
when the post injection method is used, it is possible to
suppress the reduction of the manufacturing efficiency.
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[0148] Further, the adhesive material NCL1 for use in the
first coating method is formed of an insulation (non-con-
ductive) material (e.g., a resin material) as described above.
[0149] <First Chip Provision Step>

[0150] Further, in a first chip provision step shown in FIG.
15, the logic chip L.C shown in FIGS. 13 and 14 is provided.
FIG. 18 is an explanatory view schematically showing the
outline of a manufacturing step of the semiconductor chip
including through electrodes shown in FIG. 8. Whereas,
FIG. 19 is an explanatory view schematically showing the
outline of a manufacturing step of the semiconductor chip
following FIG. 18. Incidentally, in FIGS. 18 and 19, a
description will be given mainly to the manufacturing
method of the through electrodes 3#sv and the back surface
electrodes 3bp to be electrically connected with the through
electrodes 3zsv. The formation steps of various circuits other
than the through electrodes 3#sv are not shown and not
described. Further, the manufacturing method of the semi-
conductor chips shown in FIGS. 18 and 19 is also applicable
to the manufacturing methods of the memory chips MCO,
MC1, and MC2 shown in FIGS. 11 and 12 in addition to the
logic chip L.C shown in FIGS. 13 and 14.

[0151] First, as the wafer provision step, there is provided
a wafer (semiconductor substrate) WH shown in FIG. 18.
The wafer WH is a semiconductor substrate formed of, for
example, silicon (Si), and forms a circle in plan view. The
wafer WH has a front surface (a main surface, an upper
surface) WHs which is a semiconductor element formation
surface and a back surface (a main surface, a lower surface)
WHb opposite to the front surface WHs. Whereas, the
thickness of the wafer WH is larger than the thickness of the
logic chip LC or the memory chip MC0, MC1, or MC2
shown in FIG. 7, and is, for example, about several hundreds
micrometers.

[0152] Then, as a hole formation step, there are formed
holes (perforations or openings) 3tsk for forming the
through electrodes 3tsv shown in FIG. 8. In the example
shown in FIG. 18, with a mask 25 arranged over the front
surface WHs of the wafer WH, an etching treatment is
performed, thereby to form the holes 3#sk. Incidentally,
various circuits formed of the semiconductor elements
(semiconductor circuit elements) of the logic chip LC and
the memory chips MC0, MC1, and MC2 shown in FIG. 8
can be formed, for example, after the present step, and
before the subsequent wiring layer formation step.

[0153] Then, a metal material such as copper (Cu) is filled
in the holes 3¢5k, thereby to form the through electrodes 3¢sv.
Then, as the wiring layer formation step, over the front
surface WHs of the wafer WH, a wiring layer (chip wiring
layer) 3d is formed. In the present step, the plurality of front
surface electrodes 3ap shown in FIG. 11 or FIG. 13 are
formed, and the plurality of through electrodes 3zsv and the
plurality of front surface electrodes 3ap are electrically
connected with each other, respectively. Incidentally, the
front surface electrodes 3ap and the wiring layer 34 at the
uppermost layer to be integrally formed with the front
surface electrodes 3ap are each formed of a metal film
formed of, for example, aluminum (Al).

[0154] Further, in the present step, the semiconductor
chips of the logic chip LC and the memory chips MCO,
MC1, and MC2 shown in FIG. 7, and the plurality of front
surface electrodes 3ap shown in FIGS. 11 and 13 are
electrically connected via the wiring layer 3d. As a result, the
semiconductor elements of the logic chip LC and the
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memory chips MC0, MC1, and MC2 are electrically con-
nected via the wiring layer 3d.

[0155] Then, as the external terminal formation step, over
the front surface electrode 3ap (see FIGS. 11 and 13), there
are formed bumps 8, respectively. In the present step, as
shown in FIG. 18, over the front surface electrode 3ap of the
logic chip L.C, a conductor pillar 856 is formed. Then, at the
tip of the conductor pillar 85, there is formed a solder
material 8a. Alternatively, in the case of the memory chips
MCO0, MC1, MC2, and MC3 shown in FIG. 9, over the front
surface electrode 3ap, there is formed the inter-chip con-
nection member 7 including the metal pillar CPL, the metal
film TMF, and the solder material SDB shown in FIG. 9. The
solder material 8a functions as a bonding material when the
semiconductor chip 3 shown in FIG. 8 is mounted over the
wiring substrate 2, or the semiconductor chip 3 at the
underlying layer.

[0156] Then, as a back surface polishing step shown in
FIG. 19, the back surface WHb (see FIG. 18) side of the
wafer WH is polished, thereby to reduce the thickness of the
wafer WH. As a result, the back surface 35 of the semicon-
ductor chip 3 shown in FIG. 7 is exposed. In other words, the
through electrodes 3#sv penetrate through the wafer WH in
the thickness direction. Further, the plurality of through
electrodes 3#sv are exposed from the wafer WH at the back
surface 36 of the wafer WH. In the example shown in FIG.
19, at the back surface polishing step, the wafer WH is
polished using a polishing jig 28 while being supported by
a support base material 26 such as a glass plate and a
protective layer 27 for protecting the bumps 8 formed on the
front surface WHs side.

[0157] Then, at the back surface electrode formation step,
at the back surface 35, there are formed a plurality of back
surface electrodes 3bp, and are electrically connected with a
plurality of through electrodes 3#sv, respectively.

[0158] Then, as the singulation step, the wafer WH is
divided along the dicing lines, thereby to obtain a plurality
of semiconductor chips 3. Then, if required, an inspection is
performed, resulting in the semiconductor chip 3 (the logic
chip LC or the memory chip MC0, MC1, or MC2) shown in
FIG. 7.

[0159] <First Chip Mounting Step>

[0160] Then, in a first chip mounting step shown in FIG.
15, as shown in FIGS. 20 and 21, the logic chip LC is
mounted over the wiring substrate 20.

[0161] FIG. 20 is an enlarged plan view showing the state
in which a logic chip is mounted over the chip mounting
region of the wiring substrate shown in FIG. 17. Whereas,
FIG. 21 is an enlarged cross sectional view along line A-A
of FIG. 20.

[0162] In the present step, as shown in FIG. 21, the logic
chip LC is mounted by the so-called face down mounting
method (flip chip connection method) so that the front
surface 3a of the logic chip LC faces to the upper surface 2a
of the wiring substrate 20. Further, by the present step, the
logic chip LC and the wiring substrate 20 are electrically
connected with each other. Particularly, the plurality of front
surface electrodes 3ap formed on the front surface 3a of the
logic chip L.C and the plurality of bonding leads 2f formed
on the upper surface 2a of the wiring substrate 20 are
electrically connected with each other via the bumps 8 (the
conductor pillars 86 and the solder materials 84 shown in
FIG. 18), respectively.
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[0163] In the present step, first, over the chip mounting
region 2p1 of the wiring substrate 20, there is arranged the
logic chip LC (semiconductor chip 3). The bumps 8 are
formed on the front surface 3a side of the logic chip LC. On
the other hand, at the junction part of the bonding lead 2f
formed on the upper surface 2a of the wiring substrate 20,
there is formed a solder layer (not shown) which is a
bonding material for ensuring an electrical connection with
the bumps 8 shown in FIG. 8.

[0164] Then, a heating jig not shown is pressed against the
back surface 35 side of the logic chip L.C. Thus, the logic
chip LC is pressed toward the wiring substrate 20. Before
performing a heat treatment on the adhesive material NCL1,
the adhesive material NCL1 is soft. For this reason, when the
logic chip LC is forced by the heating jig, the tips of the
plurality of bumps 8 formed on the front surface 3a of the
logic chip LC come in contact with the bonding region of the
bonding lead 2f (particularly, a solder layer not shown).
[0165] Then, with the logic chip L.C pressed against the
heating jig not shown, the logic chip LC and the adhesive
material NCL1 are heated by the heating jig. At the junction
part between the logic chip LC and the wiring substrate 20,
the solder material 8a (see FIG. 18) and a solder layer not
shown over the bonding lead 2f are molten, respectively, and
are integrated. As a result, as shown in FIG. 8, the bump 8
and the bonding lead 2f are electrically connected with each
other.

[0166] Further, the adhesive material NCL1 is heated, so
that the adhesive material NCL1 is cured. This results in the
adhesive material NCL1 cured with the logic chip LC
partially embedded therein. Further, the back surface elec-
trode 3bp of the logic chip LC is exposed from the cured
adhesive material NCL1.

[0167] <Second Adhesive Material Arrangement Step>
[0168] Then, in a second adhesive material arrangement
step shown in FIG. 15, as shown in FIG. 22, over the back
surface 356 of the logic chip LC (semiconductor chip 3), there
is arranged an adhesive material NCL2. FIG. 22 is an
enlarged plan view showing the state in which an adhesive
material is arranged at the back surface and its periphery of
the semiconductor chip shown in FIG. 18; and FIG. 23 is an
enlarged cross sectional view along line A-A of FIG. 22.
[0169] As shown in FIG. 8, for the semiconductor device
1 of the present embodiment, of a plurality of semiconductor
chips 3 to be stacked, the logic chip L.C to be mounted at the
lowermost stage (e.g., the first stage), and the memory chip
MCO0 to be mounted at the second stage counted from the
lower stage are both mounted by the face down mounting
method (flip chip connection method). For this reason, as
described in connection with the first adhesive material
arrangement step, the first coating method is preferably
applied in being capable of shortening the treatment time for
one device formation part 20a (see FIGS. 22 and 23), and
improving the manufacturing efficiency.

[0170] Further, the adhesive material NCL2 for use in the
first coating method is, as described above, formed of an
insulation (non-conductive) material (e.g., resin material).
Further, the adhesive material NCL2 is formed of a resin
material which becomes harder (is increased in hardness) by
being applied with an energy, and, in the present embodi-
ment, includes, for example, a thermosetting resin. Further,
the adhesive material NCL.2 before curing is softer than the
conductor pillar 85 shown in FIG. 18, and can be deformed
by pressing the logic chip LC thereagainst.
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[0171] Further, the adhesive materials NCL2 before cur-
ing are largely classified into a paste-like resin (insulation
material paste) called NCP, and a resin (insulation material
film) previously formed in a film called NCF according to
the difference in handling method. As the adhesive material
NCL2 for use in the present step, there can be used any one
of NCP and NCF. In the example shown in FIGS. 22 and 23,
a NCP is discharged from a nozzle 33 (see FIG. 23), and the
adhesive material NCL2 is arranged over the back surface
354 of the logic chip LC.

[0172] Incidentally, the present method is common to the
post injection method described in connection with the first
adhesive material arrangement step in that the paste-like
adhesive material NCL2 is discharged from the nozzle 33.
However, in the present embodiment, before mounting the
memory chip MCO0 (memory module MCM) shown in FIG.
7, the adhesive material NCL2 is previously mounted.
Therefore, as compared with the post injection method in
which a resin is injected using the capillarity, it is possible
to largely improve the coating rate of the adhesive material
NCL2.

[0173] The adhesive material NCL2 has a fixing function
of bonding and fixing the memory chip MCO (see FIG. 7)
and the logic chip LC (see FIG. 7) in the second chip
mounting step shown in FIG. 15. Further, the adhesive
material NCL2 has a sealing function of sealing, and thereby
protecting the junction part between the memory chip MCO0
and the logic chip LC. Incidentally, the sealing function
includes a stress relaxation function of dispersing and relax-
ing the stress to be transmitted to the junction part between
the memory chip MCO0 and the logic chip LC, and thereby
protecting the junction part.

[0174] From the viewpoint of satisfying the sealing func-
tion, it is essential only that the adhesive material NCL.2 is
arranged in such a manner as to surround the periphery of
the junction part between the memory chip MCO and the
logic chip LC. For this reason, when at least the memory
chip MCO is mounted, it is essential only that the plurality
of bumps 8 shown in FIG. 8 are sealed by the adhesive
material NCL2.

[0175] <Second Chip Provision Step>

[0176] Further, in the second chip provision step shown in
FIG. 15, there is provided a memory module MCM of
memory chips MC0, MC1, MC2, and MC3 shown in FIG.
7. As a modified example with respect to the present
embodiment, over the logic chip LC, there may be succes-
sively stacked the memory chips MC0, MC1, MC2, and
MC3. However, in the present embodiment, a description
will be given to an embodiment in which the memory chips
MC0, MC1, MC2, and MC3 are previously stacked, thereby
to form a memory module (memory chip lamination or
semiconductor chip lamination) MCM shown in FIG. 25. As
described below, when the memory module MCM of the
memory chips MC0, MC1, MC2, and MC3 is formed, for
example, the step can be performed independently from
other steps at a different place from those for other steps than
the second chip provision step shown in FIG. 15. For
example, the memory module MCM can also be provided as
a commercially available component. For this reason,
advantageously, the assembly step shown in FIG. 15 can be
simplified, thereby to improve the manufacturing efficiency
as a whole.

[0177] FIG. 24 is an explanatory view schematically
showing the outline of an assembly step of the lamination of
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memory chips shown in FIG. 7. Whereas, FIG. 25 is an
explanatory view schematically showing the outline of an
assembly step of the lamination of memory chips following
FIG. 24. Incidentally, as each manufacturing method of the
plurality of memory chips MC0, MC1, MC2, and MC3
shown in FIGS. 24 and 25, the manufacturing method of the
semiconductor chip described by reference to FIGS. 18 and
19 is applicable for manufacturing, and hence will not be
described.

[0178] First, for the assembly base material provision step,
there is provided a base material for assembling the memory
module MCM shown in FIG. 25 (assembly base material)
34. The base material 34 has an assembly surface 34a for
stacking a plurality of memory chips MC0, MC1, MC2, and
MC3 thereover. At the assembly surface 34qa, there is
provided an adhesive layer 35.

[0179] Then, as the chip stacking step, the memory chips
MC0, MC1, MC2, and MC3 are stacked over the assembly
surface 34a of the base material 34. In the example shown
in FIG. 24, the memory chips MC3, MC2, MC1, and MC0
are stacked in this order so that the back surface 36 of each
semiconductor chip 3 to be stacked faces to the assembly
surface 34a of the base material 34. The back surface
electrode 3bp of the semiconductor chip 3 on the upper stage
side and the front surface electrode 3ap of the semiconduc-
tor chip 3 on the lower stage side are bonded by, for
example, the inter-chip connection members 7. Particularly,
the solder material 8a bonded at the tip part of the metal
pillar CPL bonded to the front surface electrode 3ap via the
metal film TMF, and the solder material 8¢ formed on the
back surface electrode 3bp of the semiconductor chip 3 on
the upper stage side are heated, and are integrated, thereby
to form the solder material SDB. Thus, an electrical con-
nection is established between the plurality of stacked
semiconductor chips 3.

[0180] In the present step, as described by reference to
FIGS. 9 and. 10, of the plurality of inter-chip connection
members 7 for electrically connecting the memory chips
MC0, MC1, MC2, and MC3 to be stacked, for the inter-chip
connection members 72 to which the adjacent solder mate-
rial integrated structure is applied, an electrical connection
is established between the semiconductor chips 3 so that the
adjacent solder materials SDB2 are in contact with each
other, and are separated from other solder materials SDB. In
the present embodiment, for each of a plurality of transmis-
sion paths for transmitting a data signal DQ, a data strobe
signal DQS, and a clock signal CK shown in FIG. 3, the
adjacent solder material integrated structure is applied to the
inter-chip connection member 7.

[0181] Then, in a lamination sealing step shown in FIG.
25, a resin (underfill resin) is supplied between the plurality
of stacked semiconductor chips 3, thereby to form a sealing
body (chip lamination sealing body or chip lamination resin
body) 6. The sealing body 6 is formed by the post injection
method described in connection with the first adhesive
material arrangement step. Namely, previously, a plurality of
semiconductor chips 3 are stacked. Then, an underfill resin
6a is supplied from a nozzle 36, and is filled between the
plurality of stacked semiconductor chips 3. The underfill
resin 6a is lower in viscosity than the sealing resin for use
in the sealing step shown in FIG. 15, and can be filled
between the plurality of semiconductor chips 3 using the
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capillarity. Then, the underfill resin 6« filled between the
semiconductor chips 3 is cured, resulting in the sealing body
6.

[0182] The method for forming the sealing body 6 by the
post injection method is more excellent in gap filling char-
acteristic than a so-called transfer mold method, and hence
is effectively applicable to the case where the gap between
the stacked semiconductor chips 3 is narrow. Whereas, as
shown in FIG. 25, when the gap to be filled with the underfill
resin 6a is formed in a multistage shape, the plurality of gaps
can be filled with the underfill resin 64 in one step. For this
reason, the processing time can be shortened as a whole.
[0183] Then, in an assembly base material removing step,
the base material 34 and the adhesive layer 35 are peeled and
removed from the back surface 356 of the memory chip MC3.
As the method for removing the base material 34 and the
adhesive layer 35, for example, there is applicable a method
in which the resin component (e.g., UV curable resin)
included in the adhesive layer 35 is cured. The steps up to
this point result in a memory module MCM in which the
plurality of memory chips MC0, MC1, MC2, and MC3 are
stacked, and the connection parts between respective
memory chips MC0, MC1, MC2, and MC3 are sealed by the
sealing body 6. The memory module MCM can be regarded
as one memory chip having the front surface 3a (the front
surface 3a of the memory chip MC0) including the plurality
of front surface electrodes 3ap formed thereover, and the
back surface 35 (the back surface 35 of the memory chip
MC3) situated opposite to the front surface 3a.

[0184] <Second Chip Mounting Step>

[0185] Then, in the second chip mounting step shown in
FIG. 15, as shown in FIGS. 26 and 27, the memory module
MCM is mounted over the back surface 35 of the logic chip
LC. FIG. 26 is an enlarged plan view showing the state in
which the lamination is mounted over the back surface of the
logic chip shown in FIG. 22. Whereas, FIG. 27 is an
enlarged cross sectional view along line A-A of FIG. 26.
[0186] In the present step, as shown in FIG. 27, the
memory module MCM is mounted by the so-called face
down mounting method (flip chip connection method) so
that the front surface 3a (the front surface 3a of the memory
chip MCO0 shown in FIG. 8) of the memory module MCM
faces to the back surface 36 of the logic chip LC. Further, by
the present step, the plurality of memory chips MC0, MC1,
MC2, and MC3 and the logic chip LC are electrically
connected with each other. Particularly, as shown in FIG. 8,
the plurality of front surface electrodes Sap formed on the
front surface 3a of the memory module MCM (memory chip
MCO0) and the plurality of back surface electrodes 3bp
formed on the back surface 356 of the logic chip LC are
electrically connected with each other via the inter-chip
connection members 7, respectively.

[0187] In the present step, the logic chip LC and the
memory module MCM are aligned so that the plurality of
back surface electrodes 3bp (see FIG. 8) of the logic chip LC
and the plurality of inter-chip connection members 7 (see
FIG. 8) formed on the front surface 3a of the memory
module MCM are arranged opposite to each other.

[0188] Then, a heating jig not shown in pressed against the
back surface 35 side of the memory module MCM, so that
the memory module MCM is pressed toward the logic chip
LC. At this step, the adhesive material NCL2 is in a soft
state. Accordingly, when the memory module MCM is
forced thereinto, the plurality of inter-chip connection mem-
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bers 7 (see FIG. 8) formed on the front surface 3a of the
memory module MCM penetrate through the adhesive mate-
rial NCL2, and come in contact with the back surface
electrodes 3bp (see FIG. 8) of the logic chip L.C. Further, the
adhesive material NCL2 applied between the memory mod-
ule MCM and the logic chip LC extends along the back
surface 35 of the logic chip LC.

[0189] Then, by the heating jig (heat source) not shown,
the memory module MCM and the adhesive material NCL.2
are heated. At the junction part between the memory module
MCM and the logic chip LC, the solder materials 8a of the
inter-chip connection members 7 (see FIG. 24) are molten,
respectively, and are bonded with the back surface elec-
trodes 3bp of the logic chip L.C, respectively. In other words,
the memory module MCM is heated by the heating jig (heat
source). As a result, the plurality of front surface electrodes
3ap of the memory module MCM (see FIG. 8) and the
plurality of back surface electrodes 3bp of the logic chip LC
(see FIG. 8) are electrically connected with each other via
the plurality of inter-chip connection members 7 (see FIG.
8), respectively. Further, by heating the adhesive material
NCL2, the adhesive material NCL2 is cured.

[0190] In the present step, as described by reference to
FIGS. 9 and. 10, of the plurality of inter-chip connection
members 7 for electrically connecting the back surface
electrodes 3bp of the logic chip LC with the front surface
electrodes 3ap of the memory chip MCO, for the inter-chip
connection members 72 to which the adjacent solder mate-
rial integrated structure is applied, an electrical connection
is established between the semiconductor chips 3 so that the
adjacent solder materials SDB2 are in contact with each
other, and are separated from other solder materials SDB. In
the present embodiment, for each of a plurality of transmis-
sion paths for transmitting a data signal DQ, a data strobe
signal DQS, and a clock signal CK shown in FIG. 3, the
adjacent solder material integrated structure is applied to the
inter-chip connection member 7.

[0191] <Sealing Step>

[0192] Then, in the sealing step shown in FIG. 15, as
shown in FIG. 28, the upper surface 2a of the wiring
substrate 20, the logic chip LC, and the memory module
MCM of the plurality of memory chips MC0, MC1, MC2,
and MC3 are sealed by a resin, thereby to forma sealing
body 4. FIG. 28 is an enlarged cross sectional view showing
the state in which a sealing body is formed over the wiring
substrate shown in FIG. 27, thereby to seal a plurality of
stacked semiconductor chips.

[0193] In the present embodiment, there is formed the
sealing body 4 for sealing a plurality of device formation
parts 20a (see FIG. 16) in one step. The formation method
of such a sealing body 4 is called a block molding method.
The semiconductor package manufactured by the block
molding method is called a MAP (Multi Array Package) type
semiconductor device. With the block molding method, the
gap between respective device formation parts 20a can be
made smaller, resulting in a larger effective area at one
wiring substrate 20. In other words, the number of products
obtainable from one wiring substrate 20 increases. Thus, by
increasing the effective area at one wiring substrate 20, it is
possible to make the manufacturing step efficient.

[0194] Further, in the present embodiment, the formation
is achieved by a so-called transfer mold method in which a
heated and softened resin is injected into a molding die not
shown, and formed, and then, the resin is thermally cured.
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The sealing body 4 formed by the transfer mold method is
higher in durability than that obtained by curing a liquid
resin, as with, for example, the sealing body 6 for sealing the
memory module MCM shown in FIG. 28, and hence is more
preferable as a protective member. Further, by mixing filler
particles such as silica (silicon dioxide; SiO,) particles in a
thermosetting resin, it is possible to improve the functions
(e.g., the resistance to warpage deformation) of the sealing
body 4.

[0195] Incidentally, in the present embodiment, the junc-
tion parts (electrical connection parts) between the plurality
of stacked semiconductor chips 3 are sealed by the adhesive
materials NCL1 and NCL2, and the sealing body 6. There-
fore, as a modified example, an embodiment in which no
sealing body 4 is formed is applicable. In this case, the
sealing step can be omitted.

[0196] <Ball Mounting Step>

[0197] Then, in a ball mounting step shown in FIG. 15, as
shown in FIG. 29, to a plurality of lands 2g formed on the
lower surface 25 of the wiring substrate 20, there are bonded
a plurality of solder balls 5 serving as external terminals,
respectively. FIG. 29 is an enlarged cross sectional view
showing the state in which solder balls are bonded over a
plurality of lands of the wiring substrate shown in FIG. 28.
[0198] In the present step, as shown in FIG. 29, the wiring
substrate 20 is turned upside down. Then, over the plurality
of lands 2g exposed at the lower surface 26 of the wiring
substrate 20, there are arranged the solder balls 5, respec-
tively. Then, heating is performed, thereby to bond the
plurality of solder balls 5 and the lands 2g, respectively. By
the present step, the plurality of solder balls 5 are electrically
connected with the plurality of semiconductor chips 3 (the
logic chip LC and the memory chips MC0, MC1, MC2, and
MC3) via the wiring substrate 20, respectively. However, the
technology described in the present embodiment is not
applied only to a so-called BGA (Ball Grid Array) type
semiconductor device in which the solder balls 5 are bonded
in an array. For example, as a modified example with respect
to the present embodiment, the technology is applicable a
so-called LGA (Land Grid Array) type semiconductor
device to be shipped with no solder ball 5 formed therein,
and the lands 2g exposed, or with a solder paste coated to the
lands 2g more thinly than the solder ball 5. In the case of the
LGA type semiconductor device, the ball mounting step can
be omitted.

[0199] <Singulation Step>

[0200] Then, in a singulation step shown in FIG. 15, as
shown in FIG. 30, the wiring substrate 20 is divided into
respective device formation parts 20a. FIG. 30 is a cross
sectional view showing the state in which the multi-piece
wiring substrate shown in FIG. 29 is singulated.

[0201] In the present step, as shown in FIG. 30, the wiring
substrate 20 and the sealing body 4 are cut along the dicing
lines (dicing regions) 20¢, resulting in a plurality of singu-
lated semiconductor devices 1 (see FIG. 7). The cutting
method has no particular restriction. However, in the
example shown in FIG. 30, there is shown the following
embodiment: using a dicing blade (rotary blade) 40, the
wiring substrate 20 and the sealing body 4 bonded and fixed
to a tape material (dicing tape) 41 are subjected to cutting
from the lower surface 256 side of the wiring substrate 20 to
be cut. However, the technology described in the present
embodiment is not applied only to the case using the wiring
substrate 20 which is a multi-piece substrate including a
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plurality of device formation parts 20a. For example, the
technology is applicable to a semiconductor device in which
a plurality of semiconductor chips 3 are stacked over the
wiring substrate 2 (see FIG. 7) equivalent to one semicon-
ductor device. In this case, the singulation step can be
omitted.

[0202] Respective steps up to this point result in the
semiconductor device 1 described by reference to FIGS. 1 to
8. Then, necessary inspections and tests such as a visual
inspection and an electrical test are performed. Then, the
products are shipped, or are mounted over a mounting
substrate not shown.

Modified Example

[0203] Up to this point, the invention completed by the
present inventors was specifically described by way of
embodiments. However, it is naturally understood that the
present invention is not limited to the embodiments, and
may be variously changed within the scope not departing
from the gist.

Modified Example 1

[0204] For example, in the embodiments, as described by
reference to FIG. 9, a description has been given to the
embodiment in which as the structure of the inter-chip
connection member 7 for establishing an electrical connec-
tion between stacked semiconductor chips 3, the metal pillar
CPL such as a Cu pillar is interposed. However, as a
modified example, for example, as shown in FIG. 31, the
following structure can be adopted: a metal pillar CPL (see
FIG. 9) is not arranged between the solder material SDB and
the front surface electrode 3ap. Namely, the solder material
SDB may be bonded directly to the front surface electrode
AP1. Incidentally, when the connectivity between the solder
material SDB and the front surface electrode 3ap is desired
to be improved, preferably, as shown in FIG. 31 (an enlarged
cross sectional view showing a modified example with
respect to FIG. 9), at the exposed surface of the front surface
electrode 3ap, there is formed a metal film TMF, and the
solder material SDB is connected with the front surface
electrode 3ap via the metal film TMF. In the example shown
in FIG. 31, the metal film TMF is a lamination film of a
nickel (Ni) film, a palladium (Pd) film, and a titanium (Ti)
film.

[0205] In the case of the modified example shown in FIG.
31, as shown in FIG. 9, no metal pillar CPL is provided,
which can further reduce the distance between the semicon-
ductor chips 3. In this case, the distance TL2 between the
front surface electrode 3ap and the back surface electrode
3bp of the semiconductor chip 3 on the upper stage side is
comparable to, or slightly smaller than the distance SI.1, and
is for example, about 3 pm to 5 pm.

[0206] Further, although not shown, the peripheral struc-
tures of the inter-chip connection member 7 include various
modified examples. For example, the exposed surface of the
insulation film PF shown in FIGS. 9 and 31 can also be
further covered with an organic insulation film of polyimide
or the like.

Modified Example 2

[0207] Further, in the embodiments, a description has been
given the following embodiment: of the plurality of trans-
mission paths shown in FIG. 3, to the data signal DQ
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transmission path, the data mask signal DM transmission
path, and the clock signal CK transmission path, there is
applied the adjacent solder material integrated structure in
which adjacent solder materials SDB are in contact with
each other; and to other transmission paths, there is applied
the solder material separated structure. However, the trans-
mission paths to which the adjacent solder material inte-
grated structure is applied include various modified
examples other than those described above. For example,
when a data strobe signal is operated by the DDR method
shown in FIG. 34, the ratio of the pulse width to the clock
signal CK is 1 or less. Further, the data strobe signal DQS
is relatively higher in input frequency. For this reason, the
frequency of the data strobe signal is equivalent to the
frequency of the clock signal CK or the data signal DQ.
Therefore, for the order of priority for application of the
solder material integrated structure, the transmission paths
for the data signal DQ, the data mask signal DM, and the
clock signal CK each have a particularly high order of
priority. The transmission path for the data strobe signal
DQS has the second highest order of priority after those
described above. Further, when a variation in impedance is
required to be reduced even at a frequency of, for example,
about 100 MHz, the adjacent solder material integrated
structure is applicable to, for example, the transmission path
to be connected with a command control circuit CMDC.
[0208] Further, as the method for reducing the noise effect
of the signal transmission path, there is the following
technology: a signal current is passed through a pair of
signal transmission paths (differential pair) through which
signals having different phases (differential signals) flow,
thereby to define the signal level based on the potential
difference between the pair of signal transmission paths.
When the signal transmission path is differentiated, the
effect by the variation in impedance in the signal transmis-
sion path can be reduced. Therefore, for example, when the
clock signal CK shown in FIG. 3 is set as a differential
signal, the solder material separated structure is also appli-
cable to the differentiated transmission path.

[0209] However, even for the differentiated signal trans-
mission paths, the effect by a variation in impedance can be
further reduced by applying the adjacent solder material
integrated structure thereto.

Modified Example 3

[0210] Further, in the embodiments, as the example of the
adjacent solder material integrated structure, a description
has been given to the example in which two solder materials
SDB arranged adjacent to each other are integrated with
each other. However, as a modified example, three or more
solder materials SDB may be integrated with each other. The
variation in impedance can be more reduced with an
increase in number of the solder materials SDB to be
integrated.

[0211] Whereas, when three or more solder materials SDB
are integrated with each other, as in the modified example,
shown in, for example, FIG. 32, some of the three or more
solder materials SDB can be connected with dummy front
surface electrodes 3apD and dummy back surface electrodes
3b6pD not functioning as signal transmission paths. Herein,
the dummy electrode is an electrode for forming the solder
material SDB, and is formed similarly in constituent mate-
rials and shape to peripheral electrodes, but is a circuit not
directly connected with the circuits included in the semi-
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conductor chip 3. However, the dummy electrode is electri-
cally connected with the circuit included in the semicon-
ductor chip 3 via the solder material SDB. In other words,
the dummy electrode is a conductive member electrically
connected with the circuit included in the semiconductor
chip 3, but not functioning as a signal transmission path (not
included in the signal transmission path). In other words, the
dummy electrode is a floating conductive member not
directly connected with the circuit included in the semicon-
ductor chip 3 (including the case of indirect connection via
the solder material SDB).

[0212] In the case of the embodiment in which a dummy
electrode is provided as with the modified example shown in
FIG. 32, the arrangement space for the dummy electrode is
ensured, and hence the configuration is correspondingly less
suitable for the reduction of the planar size of the semicon-
ductor chip. However, when the dummy electrode is pro-
vided, the internal wirings and the like in the semiconductor
chip 3 are not required to be formed. For this reason, it is
possible to increase the surface area of the solder material
SDB, and to ensure the routing space of wirings in the
semiconductor chip 3. In other words, the modified example
shown in FIG. 32 is more preferable than the embodiments
in terms of the ease of circuit design.

Modified Example 4

[0213] Further, in the embodiments, as the method for
mounting the memory chip MCO (in other words, the
memory module MCM) over the logic chip LC, a descrip-
tion has been given to the example of the face down
mounting method in which the front surface 3a of the
memory chip MCO and the back surface 35 of the logic chip
LC are allowed to face to each other. However, as a modified
example, mounting may be achieved so that the back surface
354 of the semiconductor chip 3 on the lower stage side faces
to the back surface 36 of the semiconductor chip 3 on the
upper stage side. In this case, the back surface electrode 35p
of the semiconductor chip 3 on the lower stage side (e.g.,
logic chip LC) and the back surface electrode 3bp of the
semiconductor chip 3 on the upper stage side (e.g., memory
chip MC0) are electrically connected with each other via the
inter-chip connection member 7. Further, the front surface
3a of the memory chip MC3 mounted at the uppermost stage
of the memory chips MC forming the memory module
MCM becomes the upper surface of the memory module
MCM. Accordingly, the front surface electrode 3a of the
memory chip MC3 is exposed from the sealing body 6.

Modified Example 5

[0214] Further, in the embodiments, a description has been
given to the embodiment in which the outer size (in other
words, the plane area) of the front surface electrode 3ap of
the semiconductor chip 3 on the upper stage side is equal to
the outer size (in other words, the plane area) of the back
surface electrode 3bp of the semiconductor chip 3 on the
lower stage side. However, as a modified example, the outer
size of any one electrode of the front surface electrode 3ap
and the back surface electrode 3bp connected via the inter-
chip connection member 7 may be larger than the outer size
of'the other electrode. For example, in the modified example
shown in FIG. 33, the outer size (the plane area) of the back
surface electrode 3bp of the semiconductor chip 3 on the
lower stage side is larger than the outer size (the plane area)
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of the front surface electrode 3ap of the semiconductor chip
3 on the upper stage side. The front surface electrode 3ap
and the back surface electrode 3bp connected via the inter-
chip connection member 7 respectively have different outer
sizes. This allows easy alignment between the semiconduc-
tor chip 3 on the lower stage side and the semiconductor chip
3 on the upper stage side when a plurality of semiconductor
chips 3 are mounted (stacked).

[0215] Further, as shown in FIG. 33, when the clearance
distance between the adjacent back surface electrodes BP2
and the clearance distance between the adjacent front sur-
face electrodes AP2 are different, the relationship between
the distance SL1 and the distance SL2 described in the
embodiments is defined based on the electrodes having a
relatively shorter distance SL1. Namely, in the example
shown in FIG. 33, the distance SL.1 between the adjacent
back surface electrodes BP2 is smaller than the distance SL2
between the back surface electrode BP1 and the back surface
electrode BP2. This facilitates the contact between the solder
materials SDB2 to be respectively connected to the adjacent
back surface electrodes BP2.

Modified Example 6

[0216] Further, modified examples are applicable in com-
bination within the scope not departing from the gist of the
technical idea described in the embodiments.

[0217] Other than these, a part of the contents described in
the embodiments will be described below.

[0218] (1) A method for manufacturing a semiconductor
device, comprising the steps of:

[0219] (a) providing a first semiconductor chip having a
first main surface, a plurality of first main surface electrodes
formed on the first main surface, a first back surface opposite
to the first main surface, and a plurality of first back surface
electrodes formed on the first back surface, and electrically
connected with the first main surface electrodes, respec-
tively; and

[0220] (b) mounting a second semiconductor chip having
a second main surface, a plurality of second main surface
electrodes formed on the second main surface, and a second
back surface opposite to the second main surface on the first
back surface side of the first semiconductor chip, and
electrically connecting the first back surface electrodes and
the second main surface electrodes via a plurality of con-
ductive members arranged between the first semiconductor
chip and the second semiconductor chip, respectively;
[0221] wherein the first back surface electrodes have a first
signal electrode for passing therethrough a first signal cur-
rent with a first pulse width, and a plurality of second signal
electrodes for passing therethrough a second signal current
with a second pulse width shorter than the first pulse width,
[0222] wherein the second main surface electrodes have a
first signal electrode for passing therethrough the first signal
current, and a plurality of second signal electrodes for
passing therethrough the second current,

[0223] wherein the conductive members have a first con-
ductive member for connecting the first signal electrode of
the first semiconductor chip with the first signal electrode of
the second semiconductor chip, and a plurality of second
conductive members for connecting the second signal elec-
trodes of the first semiconductor chip with the second signal
electrodes of the second semiconductor chip, and

[0224] wherein in the step (b), the second semiconductor
chip is mounted on the first back surface side of the first
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semiconductor chip such that the second conductive mem-
bers are in contact with each other, and are separated from
the first conductive member.

What is claimed is:

1. A semiconductor device, comprising:

a wiring substrate having an upper surface, a plurality of
terminals formed on the upper surface, a lower surface
opposite the upper surface, and a plurality of lands
formed on the lower surface;

a first semiconductor chip having a first front surface, a
plurality of first front surface electrodes formed on the
first front surface, a first back surface, and a plurality of
first back surface electrodes formed on the first back
surface, and mounted over the upper surface of the
wiring substrate such that the first front surface of the
first semiconductor chip faces the upper surface of the
wiring substrate;

a second semiconductor chip having a second front sur-
face, a plurality of second front surface electrodes
formed on the second front surface, a second back
surface, and a plurality of second back surface elec-
trodes formed on the second back surface, and mounted
over the first back surface of the first semiconductor
chip such that the second front surface of the second
semiconductor chip faces the first back surface of the
first semiconductor chip;

a plurality of first conductive members arranged between
the wiring substrate and the first semiconductor chip,
and electrically connecting the plurality of first front
surface electrodes with the plurality of terminals,
respectively;

a plurality of second conductive members arranged
between the first semiconductor chip and the second
semiconductor chip, and electrically connecting the
plurality of second front surface electrodes with the
plurality of first back surface electrodes, respectively;
and

a plurality of external terminals formed on the plurality of
lands, respectively,

wherein the plurality of first back surface electrodes has
a first signal electrode for passing through a first signal,
and a plurality of second signal electrodes each for
passing through a second signal,

wherein the plurality of second front surface electrodes
has a first signal electrode for passing through the first
signal, and a plurality of second signal electrodes each
for passing through the second signal,

wherein the plurality of second conductive members has
a first signal member electrically connecting the first
signal electrode of the first semiconductor chip with the
first signal electrode of the second semiconductor chip,
and a plurality of second signal members electrically
connecting the plurality of second signal electrodes of
the first semiconductor chip with the plurality of second
signal electrodes of the second semiconductor chip,

wherein the first signal is one of a clock enable signal, a
chip select signal, a row address strobe signal, a column
address strobe signal, a write enable signal, address
signals, a bank address signal (BA) and a reset signal,

wherein the second signal is one of a data signal, a data
mask signal and a clock signal,

wherein a distance between the plurality of second signal
electrodes of the first semiconductor chip, which are
arranged next to each other, is smaller than a distance
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between the first signal electrode of the first semicon-
ductor chip and one of the plurality of second signal
electrodes of the first semiconductor chip, which is
closest to the first signal electrode of the first semicon-
ductor chip,

wherein a distance between the plurality of second signal
electrodes of the second semiconductor chip, which are
arranged next to each other, is smaller than a distance
between the first signal electrode of the second semi-
conductor chip and one of the plurality of second signal
electrodes of the second semiconductor chip, which is
closest to the first signal electrode of the second semi-
conductor chip, and

wherein the plurality of second signal members are con-
nected to each other, and are spaced apart from the first
signal member.

2. The semiconductor device according to claim 1,

wherein the second semiconductor chip is a memory chip,
and

wherein the first semiconductor chip is a control chip
controlling the memory chip.

3. The semiconductor device according to claim 2,

wherein the first semiconductor chip has a control circuit
formed in the first front surface of the first semicon-
ductor chip, and

wherein the second semiconductor chip has a memory
circuit formed in the second front surface of the second
semiconductor chip.

4. The semiconductor device according to claim 3,

wherein the plurality of first conductive members is
sealed with a first adhesive material, and

wherein the plurality of second conductive members is
sealed with a second adhesive material.

5. The semiconductor device according to claim 1,

wherein both the first semiconductor chip and the second
semiconductor chip are a memory chip.

6. The semiconductor device according to claim 5,

wherein each of the first semiconductor chip and the
second semiconductor chip has a memory circuit
formed in the second front surface of each of the first
semiconductor chip and the second semiconductor
chip.

7. The semiconductor device according to claim 6,

wherein the plurality of second conductive members is
sealed with a sealing body.

8. The semiconductor device according to claim 1,

wherein the first signal is longer in pulse width than the
second signal.

9. The semiconductor device according to claim 8,

wherein the plurality of first back surface electrodes
further has a plurality of third signal electrodes each for
passing through a third signal, and a fourth signal
electrode for passing through a fourth signal,

wherein the plurality of second front surface electrodes
further has a plurality of third signal electrodes each for
passing through the third signal, and a fourth signal
electrode for passing through the fourth signal,

wherein the plurality of second conductive members
further has a plurality of third signal members electri-
cally connecting the plurality of third signal electrodes
of the first semiconductor chip with the plurality of
third signal electrodes of the second semiconductor
chip, and a fourth signal member electrically connect-
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ing the fourth signal electrode of the first semiconduc-
tor chip with the fourth signal electrode of the second
semiconductor chip,

wherein the third signal is one of the data signal, the data
mask signal and the clock signal, which is different
from the second signal,

wherein the fourth signal is one of the clock enable signal,
the chip select signal, the row address strobe signal, the
column address strobe signal, the write enable signal,
address signals, the bank address signal and the reset
signal, which is different from the first signal, and

wherein each of the first signal and the fourth signal are
longer in pulse width than each of the second signal and
the third signal.

10. The semiconductor device according to claim 9,

wherein the distance between the plurality of second
signal electrodes of the first semiconductor chip, which
are arranged next to each other, is smaller than a
distance between one of the plurality of second signal
electrodes of the first semiconductor chip and one of
the plurality of third signal electrodes of the first
semiconductor chip, which is closest to the one of the
plurality of second signal electrodes of the first semi-
conductor chip, and

wherein the distance between the plurality of second
signal electrodes of the second semiconductor chip,
which are arranged next to each other, is smaller than
a distance between one of the plurality of second signal
electrodes of the second semiconductor chip and one of
the plurality of third signal electrodes of the second
semiconductor chip, which is closest to the one of the
plurality of second signal electrodes of the second
semiconductor chip.

11. The semiconductor device according to claim 10,

wherein a distance between the plurality of third signal
electrodes of the first semiconductor chip, which are
arranged next to each other, is smaller than a distance
between the first signal electrode of the first semicon-
ductor chip and one of the plurality of third signal
electrodes of the first semiconductor chip, which is
closest to the first signal electrode of the first semicon-
ductor chip,

wherein the distance between the plurality of third signal
electrodes of the first semiconductor chip, which are
arranged next to each other, is smaller than a distance
between one of the plurality of second signal electrodes
of the first semiconductor chip and one of the plurality
of third signal electrodes of the first semiconductor
chip, which is closest to the one of the plurality of
second signal electrodes of the first semiconductor
chip,

wherein the distance between the plurality of third signal
electrodes of the first semiconductor chip, which are
arranged next to each other, is smaller than a distance
between the first signal electrode of the first semicon-
ductor chip and the fourth signal electrode of the first
semiconductor chip,

wherein a distance between the plurality of third signal
electrodes of the second semiconductor chip, which are
arranged next to each other, is smaller than a distance
between the first signal electrode of the second semi-
conductor chip and one of the plurality of third signal
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electrodes of the second semiconductor chip, which is
closest to the first signal electrode of the second semi-
conductor chip,

wherein the distance between the plurality of third signal
electrodes of the second semiconductor chip, which are
arranged next to each other, is smaller than a distance
between one of the plurality of second signal electrodes
of the second semiconductor chip and one of the
plurality of third signal electrodes of the second semi-
conductor chip, which is closest to the one of the
plurality of second signal electrodes of the second
semiconductor chip, and

wherein the distance between the plurality of third signal
electrodes of the second semiconductor chip, which are
arranged next to each other, is smaller than a distance
between the first signal electrode of the second semi-
conductor chip and the fourth signal electrode of the
second semiconductor chip.

12. The semiconductor device according to claim 9,

wherein the distance between the plurality of second
signal electrodes of the first semiconductor chip, which
are arranged next to each other, is smaller than a
distance between the first signal electrode of the first
semiconductor chip and the fourth signal electrode of
the first semiconductor chip, and

wherein the distance between the plurality of second
signal electrodes of the second semiconductor chip,
which are arranged next to each other, is smaller than
a distance between the first signal electrode of the
second semiconductor chip and the fourth signal elec-
trode of the second semiconductor chip.

13. The semiconductor device according to claim 12,

wherein a distance between the plurality of third signal
electrodes of the first semiconductor chip, which are
arranged next to each other, is smaller than a distance
between the first signal electrode of the first semicon-
ductor chip and one of the plurality of third signal
electrodes of the first semiconductor chip, which is
closest to the first signal electrode of the first semicon-
ductor chip,

wherein the distance between the plurality of third signal
electrodes of the first semiconductor chip, which are
arranged next to each other, is smaller than a distance
between one of the plurality of second signal electrodes
of the first semiconductor chip and one of the plurality
of third signal electrodes of the first semiconductor
chip, which is closest to the one of the plurality of
second signal electrodes of the first semiconductor
chip,

wherein the distance between the plurality of third signal
electrodes of the first semiconductor chip, which are
arranged next to each other, is smaller than a distance
between the first signal electrode of the first semicon-
ductor chip and the fourth signal electrode of the first
semiconductor chip,

wherein a distance between the plurality of third signal
electrodes of the second semiconductor chip, which are
arranged next to each other, is smaller than a distance
between the first signal electrode of the second semi-
conductor chip and one of the plurality of third signal
electrodes of the second semiconductor chip, which is
closest to the first signal electrode of the second semi-
conductor chip,
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wherein the distance between the plurality of third signal
electrodes of the second semiconductor chip, which are
arranged next to each other, is smaller than a distance
between one of the plurality of second signal electrodes
of the second semiconductor chip and one of the
plurality of third signal electrodes of the second semi-
conductor chip, which is closest to the one of the
plurality of second signal electrodes of the second
semiconductor chip, and

wherein the distance between the plurality of third signal
electrodes of the second semiconductor chip, which are
arranged next to each other, is smaller than a distance
between the first signal electrode of the second semi-
conductor chip and the fourth signal electrode of the
second semiconductor chip.

14. The semiconductor device according to claim 1,

wherein the first signal is smaller in frequency than the
second signal.

15. The semiconductor device according to claim 14,

wherein the plurality of first back surface electrodes
further has a plurality of third signal electrodes each for
passing through a third signal, and a fourth signal
electrode for passing through a fourth signal,

wherein the plurality of second front surface electrodes
further has a plurality of third signal electrodes each for
passing through the third signal, and a fourth signal
electrode for passing through the fourth signal,

wherein the plurality of second conductive members
further has a plurality of third signal members electri-
cally connecting the plurality of third signal electrodes
of the first semiconductor chip with the plurality of
third signal electrodes of the second semiconductor
chip, and a fourth signal member electrically connect-
ing the fourth signal electrode of the first semiconduc-
tor chip with the fourth signal electrode of the second
semiconductor chip,

wherein the third signal is one of the data signal, the data
mask signal and the clock signal, which is different
from the second signal,

wherein the fourth signal is one of the clock enable signal,
the chip select signal, the row address strobe signal, the
column address strobe signal, the write enable signal,
address signals, the bank address signal and the reset
signal, which is different from the first signal, and

wherein each of the first signal and the fourth signal is
smaller in frequency than each of the second signal and
the third signal.

16. The semiconductor device according to claim 15,

wherein the distance between the plurality of second
signal electrodes of the first semiconductor chip, which
are arranged next to each other, is smaller than a
distance between one of the plurality of second signal
electrodes of the first semiconductor chip and one of
the plurality of third signal electrodes of the first
semiconductor chip, which is closest to the one of the
plurality of second signal electrodes of the first semi-
conductor chip, and

wherein the distance between the plurality of second
signal electrodes of the second semiconductor chip,
which are arranged next to each other, is smaller than
a distance between one of the plurality of second signal
electrodes of the second semiconductor chip and one of
the plurality of third signal electrodes of the second
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semiconductor chip, which is closest to the one of the
plurality of second signal electrodes of the second
semiconductor chip.

17. The semiconductor device according to claim 16,

wherein a distance between the plurality of third signal
electrodes of the first semiconductor chip, which are
arranged next to each other, is smaller than a distance
between the first signal electrode of the first semicon-
ductor chip and one of the plurality of third signal
electrodes of the first semiconductor chip, which is
closest to the first signal electrode of the first semicon-
ductor chip,

wherein the distance between the plurality of third signal
electrodes of the first semiconductor chip, which are
arranged next to each other, is smaller than a distance
between one of the plurality of second signal electrodes
of the first semiconductor chip and one of the plurality
of third signal electrodes of the first semiconductor
chip, which is closest to the one of the plurality of
second signal electrodes of the first semiconductor
chip,

wherein the distance between the plurality of third signal
electrodes of the first semiconductor chip, which are
arranged next to each other, is smaller than a distance
between the first signal electrode of the first semicon-
ductor chip and the fourth signal electrode of the first
semiconductor chip,

wherein a distance between the plurality of third signal
electrodes of the second semiconductor chip, which are
arranged next to each other, is smaller than a distance
between the first signal electrode of the second semi-
conductor chip and one of the plurality of third signal
electrodes of the second semiconductor chip, which is
closest to the first signal electrode of the second semi-
conductor chip,

wherein the distance between the plurality of third signal
electrodes of the second semiconductor chip, which are
arranged next to each other, is smaller than a distance
between one of the plurality of second signal electrodes
of the second semiconductor chip and one of the
plurality of third signal electrodes of the second semi-
conductor chip, which is closest to the one of the
plurality of second signal electrodes of the second
semiconductor chip, and

wherein the distance between the plurality of third signal
electrodes of the second semiconductor chip, which are
arranged next to each other, is smaller than a distance
between the first signal electrode of the second semi-
conductor chip and the fourth signal electrode of the
second semiconductor chip.

18. The semiconductor device according to claim 15,

wherein the distance between the plurality of second
signal electrodes of the first semiconductor chip, which
are arranged next to each other, is smaller than a
distance between the first signal electrode of the first
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semiconductor chip and the fourth signal electrode of
the first semiconductor chip, and

wherein the distance between the plurality of second
signal electrodes of the second semiconductor chip,
which are arranged next to each other, is smaller than
a distance between the first signal electrode of the
second semiconductor chip and the fourth signal elec-
trode of the second semiconductor chip.

19. The semiconductor device according to claim 18,

wherein a distance between the plurality of third signal
electrodes of the first semiconductor chip, which are
arranged next to each other, is smaller than a distance
between the first signal electrode of the first semicon-
ductor chip and one of the plurality of third signal
electrodes of the first semiconductor chip, which is
closest to the first signal electrode of the first semicon-
ductor chip,

wherein the distance between the plurality of third signal
electrodes of the first semiconductor chip, which are
arranged next to each other, is smaller than a distance
between one of the plurality of second signal electrodes
of the first semiconductor chip and one of the plurality
of third signal electrodes of the first semiconductor
chip, which is closest to the one of the plurality of
second signal electrodes of the first semiconductor
chip,

wherein the distance between the plurality of third signal
electrodes of the first semiconductor chip, which are
arranged next to each other, is smaller than a distance
between the first signal electrode of the first semicon-
ductor chip and the fourth signal electrode of the first
semiconductor chip,

wherein a distance between the plurality of third signal
electrodes of the second semiconductor chip, which are
arranged next to each other, is smaller than a distance
between the first signal electrode of the second semi-
conductor chip and one of the plurality of third signal
electrodes of the second semiconductor chip, which is
closest to the first signal electrode of the second semi-
conductor chip,

wherein the distance between the plurality of third signal
electrodes of the second semiconductor chip, which are
arranged next to each other, is smaller than a distance
between one of the plurality of second signal electrodes
of the second semiconductor chip and one of the
plurality of third signal electrodes of the second semi-
conductor chip, which is closest to the one of the
plurality of second signal electrodes of the second
semiconductor chip, and

wherein the distance between the plurality of third signal
electrodes of the second semiconductor chip, which are
arranged next to each other, is smaller than a distance
between the first signal electrode of the second semi-
conductor chip and the fourth signal electrode of the
second semiconductor chip.
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