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DESCRIPTION
SEMICONDUCTOR DEVICE

Field

[0001] The present invention relates to a semiconductor
device.

Background

[0002] Semiconductor chips may be stacked to achieve

space saving, higher performance, and a larger capacity of
a semiconductor device. The stacked semiconductor chips
may be electrically connected by the use of through
electrodes called through silicon vias (TSVs).

[0003] In such semiconductor devices using the TSVs,
logic circuits for channel switching may be provided to the
semiconductor chips to achieve multi-channel operations.
Citation List

Patent Literature

[0004] Patent Literature 1: JP 2014-53055 A

Summary

Technical Problem

[0005] An object of one embodiment according to the
present invention is to provide a semiconductor device that
implements multi~channel operations while achieving space-
saving.

Solution to Problem

[0006] According to one embodiment, M (M represents an
integer of 2 or larger) semiconductor chips and through
electrodes for N (N represents an integer of 2 or larger)
channels are provided. The M semiconductor chips are
stacked in sequence. The through electrodes are embedded
in the semiconductor chips to connect electrically the
semiconductor chips in the direction of stacking. The
connection destinations of the through electrodes are

exchanged between one or more upper and lower layers of the
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semiconductor chips.

Brief Description of Drawings

[0007] FIG. 1 is a schematic block diagram of a
semiconductor device according to a first embodiment.

FIG. 2 is a cross-sectional view of a configuration
example of a controller and an NAND memory illustrated in
FIG. 1.

FIG. 3 is a functional block diagram of a
semiconductor chip illustrated in FIG. 2.

FIG. 4(a) is a block diagram of an example of
connection method of through electrodes for two channels in
the semiconductor chip illustrated in FIG. 2 and FIG. 4(b)
is a block diagram of another example of connection method
of the through electrodes for the two channels in the
semiconductor chip illustrated in FIG. 2.

FIG. 5 is a cross-sectional view of a connection
wiring example of the through electrodes for the two
channels illustrated in FIG. 4.

FIG. 6 is a perspective view of the connection wiring
example of the through electrodes for the two channels
illustrated in FIG. 5.

FIG. 7 is a block diagram illustrating a connection
method of through electrodes for four channels applied to a
semiconductor device according to a second embodiment.

FIG. 8 is a cross-sectional view of a connection
wiring example of the through electrodes for the four
channels illustrated in FIG. 7.

FIG. 9 is a diagram illustrating an assignment example
of chip enable signals to the signals for the four channels
illustrated in FIG. 8.

FIG. 10(a) is a plane view of the connection wiring
example of the through electrodes for the four channels

illustrated in FIG. 8 and FIGS. 10(b) to 10(e) are plane
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views of individual wiring layers in the connection wiring
illustrated in FIG. 10(a).

Description of Embodiments

[0008] A semiconductor device according to embodiments
will be explained below in detail with reference to the
attached drawings. However, the present invention is not
limited by these embodiments.

[0009]

(First Embodiment)

FIG. 1 is a schematic block diagram of a semiconductor
device according to a first embodiment. In the embodiment
described below, the semiconductor device is a non-volatile
semiconductor device as an example. The non-volatile
semiconductor device 1s an NAND memory as an example.

Referring to FIG. 1, the non-vclatile semiconductor
device includes an NAND memory 3 and a controller 2. The
NAND memory 3 is connected to the controller 2. The
controller 2 is connected to a host 1 via a host IF. The
NAND memory 3 can store data 1 to be handled by the host 1.
The NAND memcry 3 may be mounted in an 3SD, an SD card, or
a USB memory, for example. The controller 2 can control
driving of the NAND memory 3. The control of driving of
the NAND memory 3 includes control of reading and writing
the NAND memory 3, block selection, error correction, wear
levelling, and the like, for example. The host 1 may be a
personal computer, an electronic device such as a digital
camera, or a mobile terminal such as a smart phone.

[0010] The NAND memory 3 includes M (M represents an
integer of 2 or larger) semiconductor chips CpO to CpM-1
stacked in sequence. The semiconductor chips Cp0 to CpM-1
have through electrodes V0O to VM~1 embedded therein to
connect electrically the semiconductor chips Cp0O to CpM-1

in the direction of stacking. In the semiconductor chips
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Cp0 to CpM-1, the through electrodes VO to VM-1 can be
provided for N (N is an integer of 2 or larger) channels.
The through electrodes VO to VM-1 can be connected such
that the destinations of connection are exchanged between
one or more upper and lower layers of the semiconductor
chips Cp0O to CpM-1. For example, the through electrodes VO
to VM-1 can be connected in a tornado form between the
upper and lower layers of the semiconductor chips Cp0O to
CpM-1.

The NAND memory 3 includes an interface unit 3A that
carries signals between the NAND memory 3 and the
controller 2. The interface unit 3A can be provided to the
individual semiconductor chips Cp0 to CpM-1. The interface
unit 3A can handle signals SHO to SHN-1 for N (N represents
an integer of 2 or larger) channels. In this example, the
interface unit 32 allows the individual semiconductor chips
Cp0 to CpM-1 to internally communicate only a signal for
one channel out of the signals SHO to SHN-1 for the N
channels via the through electrodes V0O to VM-1,
respectively. At this time, in the semiconductor chips CpO
to CpM~1, the through electrodes VO to VM-1 with which a
signal for one channel 1s communicated can be fixed to any
one of the through electrodes VO to VM-1 for the N channels.
In the semiconductor chips Cp0 to CpM-1, the through
electrodes VO to VM-1 equal in position on a horizontal
plane can be selected as the fixed through electrodes V0O to
VM-1.

The signals SHO to SHN-1 for the N channels may be,
for example, address latch enable signals ALE, command
latch enable signals CLE, read enable signals /RE (/
represents low active signals) and RE, write enable signals
/WE, data signals DQ, data strobe signals DQS and /DQS,

chip enable signals /CE, write protect signals /WP,
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ready/busy signals RB, chip addresses CADD, or the like.
The controller 2 can control the NAND memory 3 using these
signals.
[0011] The host 1 is changed by an application to which
the NAND memory 3 is applied. When the NAND memory 3 1is
applied to a solid-state drive (SSD), serial attached SCSI
(SAS), serial ATA (SATA), and programmable communications
interface (PCIe) are used. When the NAND memory 3 1is
applied to a universal serial bus (USB) memory or the like,
USB is used. When the NAND memory 3 is applied to an
embedded multi-media card (eMMC), an interface under eMMC
standards is used. When the NAND memory 3 is applied to an
SD card, an interface under SD memory standards is used.
[0012] The controller 2 includes a channel control unit
2A. The channel control unit 2A controls the number of
channels in the NAND memory 3. In this example, the
channel contrcel unit 2A can control the number of channels
by inputting the same signal to two or more of the through
electrodes VO to VM-1 for the N channels. At this time,
when the NAND memory 3 is to operate with K (K represents a
positive integer equal to or smaller than M) channels, the
channel control unit 2A can divide the N channels into K
groups, input the same signal to the same group, and input
separate signals to the different groups.

Upon receipt of a request signal output from the host
1 via the host IF, the controller 2 generates chip enable
signals /CE, command latch enable signals CLE, address
latch enable signals ALE, write enable signals /WE, read
enable signals /RE, write protect signals /WP, or the like
depending on the reguest signal.
[0013] To write data into the NAND memory 3 in response
to the request signal received from the host 1, the

controller 2 supplies the data to the NAND memory 3 via one
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to N channels.

[0014] To read data from the NAND memory 3 as a response
to the request signal received from the host 1, the
controller 2 receives the data from the NAND memory 3 via
one to N channels.

In this example, by allowing the individual
semiconductor chips Cp0 to CpM-1 to communicate internally
only a signal for one channel out of the signals SHO to
SHN-1 for the N channels via the through electrodes V0 to
VM-1, respectively, the semiconductor chips Cp0O to CpM-1 do
not need to switch the through electrodes VO to VM-1
according to the specified channel. This eliminates the
need to provide logic circuits for channel switching to the
semiconductor chips Cp0 to CpM-1, thereby achieving space
saving. .

In addition, by connecting the through electrodes VO
to VM-1 such that the connection destinations are switched
between the upper and lower layers of the semiconductor
chips Cp0 to CpM-1, even when the through electrodes V0O to
VM-1 in which a signal for one channel is communicated are
fixed to the through electrodes V0 to VM-1 egqual in
position on a horizontal plane in the semiconductor chips
Cp0 to CpM~1, the NAND memory 3 can be multi-channeled
without changing the layout for the individual
semiconductor chips Cp0O to CpM-1.

The through electrodes VO to VM-1 may be connected
such that the connection destinations are switched between
some of the upper and lower layers of the semiconductor
chips Cp0 to CpM-1, not such that the connection
destinations are switched between all of the upper and
lower lavyers of the semiconductor chips Cp0O to CpM-1. For
example, when a signal common among the channels is sent,

the connection destinations may not be necessarily switched
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but the through electrodes VO to VM-1 may be connected in a
straight line between the upper and lower layers.

[0015] FIG. 2 1s a cross—-sectional view of a
configuration example of the controller and the NAND memory
illustrated in FIG. 1. 1In the following description, the
semiconductor chips Cp0 to CpM-1 correspond to two channels
as an example. In addition, FIG. 2 illustrates the case in
which M is 8.

Referring to FIG. 2, the semiconductor chips Cp0O to
Cp7 are stacked in sequence and mounted on a support
substrate 12. The semiconductor chips Cp0 to Cp7 have
through electrodes VA to VB for two channels. In the
semiconductor chips Cp0 to Cp7, the through electrodes VA
are arranged to be equal in position on the horizontal
plane, and the through electrodes VB are arranged to be
equal in position on the horizontal plane. In addition, in
the semiconductor chips CpO to Cp7, the through electrodes
VA and VB can be arranged adjacent to each other. The
through electrodes VA and VB are connected such that the
connection destinations are switched between the upper and
lower layers of the semiconductor chips CpO to Cp7. The
through electrodes VA and VB are connected via solder balls
19A and 19B between the semiconductor chips Cp0 to Cp7.

The semiconductor chips CpO to C7 are connected via
adhesion layers 15 between the upper and lower layers.

A controller chip Cel is mounted on the back surface
of the support substrate 12. The support substrate 12 has
wires 23A and 23B. The controller chip Cel is connected to
the wires 23A and 23B via solder balls 18A and 18B. When
the through electrodes VA and VB on the lowest
semiconductor chip Cp0 are connected to the wires Z3A and
23B, the controller chip Cel and the semiconductor chips

Cp0 to Cp7 are electrically connected. The support



10

15

20

25

30

substrate 12 is connected to a mounting substrate 11 via
solder balls 17. Solder balls 16 are provided on the back
surface of the mounting substrate 11 to connect the
mounting substrate 11 to a mother substrate.

The controller chip Cel is sealed by a sealing resin
21 on the mounting substrate 11. The semiconductor chips
Cp0 to Cp7 are sealed by a sealing resin 22 on the support
substrate 12. The outer periphery of the sealing resins 21
and 22 is sealed by a sealing resin 20, and the upper
portion of the sealing resin 22 1s sealed by a metal plate
13.

[0016] FIG. 3 is a functioconal block diagram of a
semiconductor chip illustrated in FIG. 2. FIG. 3 describes
the semiconductor chip Cp0O as an example, but the same
description is also applicable to the semiconductor chips
Cpl to CpM-1.

Referring to FIG. 3, the semiconductor chip CpO has a
logical control unit 49, a memory control unit 50, a memory
cell array 41, a low address buffer 43, a low decoder 42, a
sense amplifier 44, a data register 45, a column decoder 46,
a column address buffer 47, a voltage generation circuit 56,
an input/output (I/0) control unit 48, a command register
53, an address register 52, a status register 51, a CSID
register 54, a ready/busy (R/B) circuit 55, and a logic
circuit 57.

[0017] The controller 2 supplies to the logical control
unit 49 a chip enable signal /CE, a command latch enable
signal CLE, an address latch enable signal ALE, a write
enable signal /WE, read enable signals RE and /RE, a write
protect signal /WP, data strobe signals DQS and /DQS, and a
chip address CADD. The controller 2 supplies commands,
addresses, and data to the I/0 control unit 48 via signal

lines DQO to DQ7.
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[0018] The logical control unit 49 controls the memory
control unit 50 and the I/0 control unit 48 according to
input signals. The command register 53 holds the commands
output from the I/0 control unit 48. The address register
52 holds the addresses output from the I/0 control unit 48.
[0019] The memory control unit 50 controls the low
decoder 42, the sense amplifier 44, the data register 45,
the column decoder 46, the voltage generation circuit 56,
and the R/B circuit 55 according to the commands held in
the command register 53 to control writing, reading, and
erasing of data, and others.

[0020] The R/B circuit 55 outputs a ready/busy signal RB
according to the output signal from the memory control unit
50. The voltage generation circulit 56 generates a write
voltage} a read voltage, an erase voltage, and the like
under instructions from the memory control unit 50, and
supplies these voltages to the memory cell array 41, the
low decoder 42, and the sense amplifier 44.

[0021] The memory cell array 41 has a plurality of NAND
strings. The individual NAND strings are formed by
connecting in series first and second selection transistors
and a plurality of memory cells. The individual memory
cells include an electric charge accumulation layer and a
control gate electrode. The first selection transistors
are connected to bit lines, and the second selection
transistors are connected to source lines. Gate electrodes
in the first and second selection transistors are connected
to first and second selection lines, and the control gate
electrodes in the memory cells are connected to word lines.
The bit lines are connected to the sense amplifier 44.
[0022] The low address buffer 43 and the column address
buffer 47 hold low addresses and column addresses held in

the address register 52, respectively. The low decoder 42
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decodes the low address held in the low address buffer 43,
and selects the first and second selection lines and the
word line in the memory cell array 41. The column decoder
46 decodes the column address held in the column address
buffer 47 and selects the bit line in the memory cell array
41.

[0023] At the time of data writing, the data register 45
supplies the data from the I/O control unit 48 to the sense
amplifier 44. At the time of data reading, the data
register 45 holds the data detected from the selected bit
line by the sense amplifier 44 and supplies the same to the
I/0 control unit 48.

[0024] At the time of data writing, the sense amplifier
44 writes the data held in the data register 45 into the
selected memory cell. At the time of data reading, the
sense amplifier 44 reads the data from the selected memory
cell via the bit line.

[0025] The status register 51 holds status data output
from the memory control unit 50 that indicates whether data
writing, data reading, and data erasing have been
successfully completed, for example. The status data held
in the status register 51 is supplied to the host 1 via the
I/0 control unit 48 and the controller 2.

[0026] The CSID register 54 holds chip identification
information for the semiconductor chip Cp0 to identify
itself. The chip identification information held in the
CSID register 54 is supplied to the memory control unit 50
and the logic circuit 57.

[06027] The logic circuit 57 generates an internal enable
signal enb based on the chip address CADD and the chip
identification information. The internal enable signal enb
generated by the logic circuit 57 is supplied to the I/0

control unit 48 and the logical control unit 49. The logic



10

15

20

25

30

11

circult 57 can activate the internal enable signal enb when
the chip address CADD matches the chip identification
information.

[0028] FIG. 4(a) is a block diagram of an example of
connection method of through electrodes for two channels in
the semiconductor chip illustrated in FIG. 2 and FIG. 4 (b)
is a block diagram of another example of connection method
of the through electrodes for the two channels in the
semiconductor chip illustrated in FIG. 2. FIGS. 4{(a) and
4(b) illustrate only the semiconductor chips Cp0 to Cp2 as
an example.

Referring to FIGS. 4(a) and 4(b), the semiconductor
chip Cp0 includes through electrodes VA0 and VBO for two
channels. The semiconductor chip Cpl includes through
electrodes VAl and VBl for twc channels. The semiconductor
chip Cp2 includes through electrodes VA2 and VB2 for two
channels. The through electrode VAl is arranged on the
through electrode VA0, and the through electrode VAZ is
arranged on the through electrode VAl. The through
electrode VBl is arranged on the through electrode VB0, and
the through electrode VB2 is arranged on the through
electrode VB1. In this example, the through electrodes VAD
to VA2 and VBO to VB2 are connected such that the
connection destinations are switched between the upper and
lower layers of the semiconductor chips Cp0O to Cp2.
Specifically, the through electrode VA0 is electrically
connected to the through electrode VBl, and the through
electrode VBl is electrically connected to the through
electrode VA2. The through electrode VBO is electrically
connected to the through electrode VAl, and the through
electrode VAl is electrically connected to the through
electrode VBZ.

In addition, as illustrated in FIG. 4(a), the
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semiconductor chips Cp0 to Cp2 include AND circuits NO to
N2, respectively. First input terminals of the AND
circuits NO to N2 are connected to the through electrodes
VBO to VBZ, respectively. Internal enable signals enb0 to
enb2 are input into second input terminals of the AND
circuits NO to N2, respectively. The controller chip Cel
is disposed under the semiconductor chip Cp0. The
controller chip Cel includes the controller 2. The
controller 2 includes input buffers BO and Bl that input
signals SHO and SH1 for two channels into the semiconductor
chips Cp0 to Cp2. The controller 2 outputs the signal SHO
via the input buffer BO and outputs the signal SH1 via the
input buffer Bl. The controller 2 also inputs chip
addresses CADDs for specifying the semiconductor chips CpO
to Cp2 to the semiconductor chips Cp0O to Cp2. 1In the
semiconductor chips CpO to Cp2, the chip addresses CADDs
input from the controller 2 are compared to the chip
identification information held by the semiconductor chips
Cp0 to Cp2. Then, in the semiconductor chips Cp0 to Cp2
with matches between the chip addresses CADDs and the chip
identification information, the internal enable signals
enb0 to enb2 are activated, and the signals SHO and SH1 are
taken into the semiconductor chips Cp0 to Cp2 via the AND
circuits NO to N2, respectively.

Accordingly, the controller 2 can assign a channel ChO
to the semiconductor chips Cp0 and Cp2, and assign a
channel Chl to the semiconductor chip Cpl, thereby
achieving two-channel input of the NAND memory 3.

In addition, as illustrated in FIG. 4(b), the
semiconductor chips CpO to Cp2 includes AND circuits NO' to
N2’ , respectively. First input terminals of the AND
circuits NO’ to N2’ are connected to the through electrode

VB0 to VB2, respectively. Internal enable signals enb0’ to
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enb2’ are input into second input terminals of the AND
circults NO’ to N2’,>respectively. The controller 2 also
includes output buffers B0’ and Bl’ to which the signals
SHO and SH1 for two channels are output from the
semiconductor chips Cp0 to Cp2. The controller 2 can
receive the signal SHO via the output buffer B0’ and
receive the signal SH1 via the output buffer BIl’.

At this time, the controller 2 also inputs the chip
addresses CADDs for specifying the semiconductor chips CpO
to Cp2 to the semiconductor chips Cp0 to Cp2. 1In the
semiconductor chips Cp0O to Cp2, the chip addresses CADDs
input from the controller 2 are compared to the chip
identification information held by the semiconductor chips
Cp0 to Cp2. Then, in the semiconductor chips Cp0O to Cp2
with matches between the chip addresses CADDs and the chip
identification information, the internal enable signals
enb0’ to enb2’ are activated, and the signals SHO and SH1
are output from the semiconductor chips Cp0 to Cp2 via the
AND circuits NO' to N2’, respectively.

Accordingly, the controller 2 can assign the channel
Ch0 to the semiconductor chips Cp0 and CpZ, and assign the
channel Chl to the semiconductor chip Cpl, thereby
achieving two-channel input of the NAND memory 3
[0029] FIG. 5 is a cross-sectional view of a connection
wiring example of the through electrodes for the two
channels illustrated in FIG. 4. FIG. 6 is a perspective
view of the connection wiring example of the through
electrodes for the two channels illustrated in FIG. 5. FIG.
5 illustrates the example of connection wiring
corresponding to the configuration illustrated in FIG. 4(a).
FIG. 6 illustrates the example of connection wiring in the
semiconductor chip CpO.

Referring to FIGS. 5 and 6, the semiconductor chip Cp0
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includes wires HO1A, HO1B, HO2A, and HO2B. The wires HOlA
and HO1B can be formed on the first layer of the
semiconductor chip Cp0O, and the wires HOZA and HO2B can be
formed on the second layer of the semiconductor chip CpO.
The semiconductor chip Cpl includes the wires H11A, H11B,
H12A, and H12B. The wires H11lA and H11B can be formed on
the first layer of the semiconductor chip Cpl, and the
wires HI12A and H12B can be formed on the second layer of
the semiconductor chip Cpl.

The wire HOlA is connected to the through electrode
VA0, and the wire HO1B is connected to the through
electrode VBO. The wire HOlA is connected to the wire HO2B,
and the wire HO1lB is connected to the wire HO2A. The wire
HO2A can be disposed on the through electrode VA0, and the
wire HOZB can be disposed on the through electrode VBO.

The wire H11A is connected to the through electrode
VAl, and the wire H11B is connected to the through
electrode VBl1. The wire Hl1lA is connected to the wire H12B,
and the wire H11B is connected to the wire H12A. The wire
H12A can be disposed on the through electrode VAl, and the
wire H12B can be disposed on the through electrode VBI.

The wire HO2A is connected to the through electrode
VAl via the solder ball 19A, and the wire HOZB is connected
to the through electrode VBl via the solder ball 19B.

Using the two-layer wires, the through electrode VAOD
can be connected to the through electrode VBl and the
through electrode VB0 can be connected to the through
electrode VAl without changing the positions of the through
electrodes VA(O, VB0, VAl, and VBI1.

The controller 2 also includes the channel contrel
unit 2A. The channel control unit 2A includes MOS
transistors TO to T2. The drain of the MOS transistor TO

is connected to the input buffer BO, the drains of the MOS
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transistors Tl and T2 are connected to the input buffer BI.
The signal SHO is input into the sources of the MOS
transistors TO and Tl, and the signal SH1 is input into the
source of the MOS transistor T2. Control signals 90 to @2
are input into the gates of the MOS transistors TO to T2.

In order to operate the NAND memory 3 with two
channels, the controller 2 can set the control signals &0
and ®2 to high and the control signal ®1 to low.
Accordingly, the controller 2 can supply the signal SHO to
the semiconductor chip Cp0O and supply the signal SH1 to the
semiconductor chip Cpl, thereby operating the NAND memory 3
with two channels.

Meanwhile, in order to operate the NAND memory 3 with
one channel, the controller 2 can set the control signals
®0 and ®1 to high and the control signal ®2 to low.
Accordingly, the controller 2 can supply the signal SHO to
the semiconductor chips Cp0 and Cpl, thereby operating the
NAND memory 3 with one channel.

[0030]
(Second Embodiment)

FIG. 7 is a block diagram illustrating a connection
method of through electrodes for four channels applied to a
semiconductor device according to a second embodiment. FIG.
7 illustrates semiconductor chips CplO to Cpl7 for eight
layers as an example. In addition, FIG. 7 illustrates the
configuration in which the signals input into the
semiconductor chips Cpl0 to Cpl7 are turned into four
channels as an example. However, the example of FIG. 7 1is
also applicable to the configuration in which the signals
output from the semiconductor chips Cpl0 to Cpl7 are turned
into four channels.

Referring to FIG. 7, the semiconductor chip Cpl0
includes through electrodes VAlO to VD10 for four channels.
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The semiconductor chip Cpll includes through electrodes
VA1l to VD1l for four channels. The semiconductor chip
Cpl2 includes through electrodes VAlZ to VD12 for four
channels. The semiconductor chip Cpl3 includes through
electrodes VA13 to VD13 for four channels. The
semiconductor chip Cpl4 includes through electrodes VAl4 to
VD14 for four channels. The semiconductor chip Cpl5
includes through electrode VAlS to VD15 for four channels.
The semiconductor chip Cplé includes through electrodes
VAl16 to VD16 for four channels. The semiconductor chip
Cpl7 includes through electrodes VAl7 to VD17 for four
channels.

The through electrodes VAl1Q to VAl7 are stacked in
sequence, the through electrodes VB10 to VB17 are stacked
in sequence, the through electrodes VCl1l0 to VC17 are
stacked in sequence, and the through electrodes VD10 to
VD17 are stacked in sequence. In this example, the through
electrodes VA1O to VAl7, VB10 to VB17, VC1l0 to VC17, and
VD10 to VD17 are connected such that the connection
destinations are switched in sequence between the upper and
lower layers of the semiconductor chips CplO to Cpl7. For
example, between the semiconductor chips Cpl0 and Cpll, the
through electrode VD10 is electrically connected to the
through electrode VAll, the through electrode VAlOQO is
electrically connected to the through electrode VB1ll, the
through electrode VB10 is electrically connected to the
through electrode VC11l, and the through electrode VC10 is
electrically connected to the through electrode VDII.

In addition, the semiconductor chips Cpl0 to Cpl7
include AND circuits N10 to N17, respectively. First input
terminals of the AND circuits N10 to N17 are connected to
the through electrodes VC10 to VCl7, respectively.

Internal enable signals enb0 to enb7 are input into second
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input terminals of the AND circuits N10 to N17,
respectively. A controller chip Ce2 is disposed under the
semiconductor chip Cpl0. The controller chip CeZ includes
a controller 2’. The controller 2’ includes input buffers
B10 to B13 that input signals SHO to SH3 for four channels
to the semiconductor chips Cpl0 to Cpl7. The controller 2’
outputs the signal SHO via the input buffer B10, outputs
the signal SH1 wvia the input buffer Bll, outputs the signal
SH2 via the input buffer B12, and outputs the signal SH3
via the input buffer B13. The controller 2’ also inputs
chip addresses CADDs for specifying the semiconductor chips
Cpl0 to Cpl7 to the semiconductor chips Cpl0 to Cpl7. In
the semiconductor chips Cpl0 to Cpl7, the chip addresses
CADDs input from the controller 2 are compared to the chip
identification information held by the semiconductor chips
Cpl0 to Cpl7. Then, in the semiconductor chips Cpl0 to
Cpl7 with matches between the chip addresses CADDs and the
chip identification information, the internal enable
signals enb0 to enb7 are activated, and the signals SHO to
SH3 are taken into the semiconductor chips Cpl0 to Cpl7 via
the AND circuits N10 to N17, respectively.

Accordingly, the controller 2’ can assign the channel
Ch0 to the semiconductor chips Cpl3 and Cpl7, assign the
channel Chl to the semiconductor chips Cpl2 and Cplé,
assign the channel Ch2 to the semiconductor chips Cpll and
Cpl5, and assign the channel Ch3 to the semiconductor chips
Cpl0 and Cpl4, thereby achieving four-channel input of the
NAND memory 3.
[0031] FIG. 8 is a cross-sectional view of a connection
wiring example of the through electrodes for the four
channels illustrated in FIG. 7. FIG. 8 illustrates the
connection wiring example in the semiconductor chips Cpl0

and Cpll. FIG. 8 does not illustrate the input buffers B10
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to B13 illustrated in FIG. 7.

Referring to FIG. 8, the semiconductor chip Cpl0
includes wires 01A to 01D and 02A to 02D. The wires 01A to
01D can be formed on the first layer of the semiconductor
chip Cpl0, and the wires 02A to 02D can be formed on the
second layer of the semiconductor chip Cpl0. The
semiconductor chip Cpll includes wire 11A to 11D and 12A to
12D. The wires 11A to 11D can be formed on the first layer
of the semiconductor chip Cpll, and the wires 12A to 12D
can be formed on the second layer of the semiconductor chip
Cpll.

The wire 0lA is connected to the through electrode
VA10, the wire 01B is connected to the through electrode
VB10, the wire 01C is connected to the through electrode
VC1l0, and the wire 01D is connected to the through
electrode VD10. The wire 0lA is connected to the wire 02B,
the wire 01B is connected to the wire 02C, the wire 01C 1is
connected to the wire 02D, and the wire 01D is connected to
the wire 02A. The wire 022 can be disposed on the through
electrode VAl0, the wire 02B can be disposed on the through
electrode VB10, the wire 02C can be dispecsed on the through
electrode VC10, and the wire 02D can be disposed on the
through electrode VD10.

The wire 11A is connected to the through electrode
VAll, the wire 11B is connected to the through electrode
VB1l1l, the wire 11C is connected to the through electrode
VCll, and the wire 11D is connected to the through
electrode VD11l. The wire 11A is connected to the wire 12B,
the wire 11B is connected to the wire 12C, the wire 11C is
connected to the wire 12D, and the wire 11D is connected to
the wire 12A. The wire 12A can be disposed on the through
electrode VAll, the wire 12B can be disposed on the through
electrode VB11l, the wire 12C can be disposed on the through
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electrode VC1l1l, and the wire 12D can be disposed on the
through electrode VD11.

The wire 12A is connected to the through electrode
VAl10 via a solder ball 52A, the wire 12B is connected to
the through electrode VB10 via a solder ball 52B, the wire
12C is connected to the through electrode VC1l0 via a solder
ball 52C, and the wire 12D is connected to the through
electrode VD10 via a solder ball 52D. The wires 0lA to 01D
are connected to the contreller chip Ce2 via solder balls
51A to 51D, respectively.

By using the two-layer wires, the through electrode
VA10 can be connected to the through electrode VD11, the
through electrode VB10 can be connected to the through
electrode VAll, the through electrode VC1l0 can be connected
to the through electrode VBl1l, and the through electrode
VD10 can be connected to the through electrode VC1ll without
changing the positions of the through electrodes VAl(0 to
VD10 and VAll to VD11.

The controller 2’ also includes a channel control unit
2A" . The channel control unit 2A’ includes MOS transistors
T11l to T17. The drains of the MOS transistors T1l0 and T11
are connected to the solder ball 51C, the drains of the MOS
transistors T1l2 and T13 are connected to the solder ball
51B, the drain of the MOS transistor T14 is connected to
the solder ball 51A, and the drains of the MOS transistors
T15 and T16 are connected to the solder ball 51D. The
signal SHO can be input into the sources of the MOS
transistors T11, T13, T1l4, and T17, the signal SH1 can be
input into the source of the MOS transistor T12, the signal
SH2 can be input into the sources of the MOS transistors
T10 and Tl16, and the signal SH3 can be input into the
source of the MOS transistor T15. The control signals @0

to @7 are input into the gates of the MOS transistors T10
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to T17, respectively.

In order to operate the NAND memory 3 with four
channels, the controller 2’ can set the control signals &0,
%2, ®4, and ©5 to high, and set the control signals @1, &3,
®6, and ®7 to low, for example. Accordingly, the
controller 2’ can supply the signal SHO to the
semiconductor chips Cpl3 and Cpl7, supply the signal SH1 to
the semiconductor chips Cpl2 and Cplé, supply the signal
SH2 to the semiconductor chips Cpll and Cpl5, and supply
the signal SH3 to the semiconductor chips Cpl0 and Cpl4,
thereby operating the NAND memory 3 with four channels.

In order to operate the NAND memory 3 with three
channels, the controller 2’ can set the control signals &0,
®2, ¢4, and ®7 to high, and set the control signals &1, @3,
®5, and 96 to low, for example. Accordingly, the
controller 2' can supply the signal SHO to the
semiconductor chips Cpl3 and Cpl7, supply the signal SH1 to
the semiconductor chips Cpl2 and Cpl6é, supply the signal
SH2 to the semiconductor chips Cpll and Cpl5, and supply
the signal SHO to the semiconductor chips Cpl0 and Cpl4,
thereby operating the NAND memory 3 with three channels.

In order to operate the NAND memory 3 with two
channels, the controller 2’ can set the control signals @0,
®3, ¢4, and o6 to high, and set the control signals &1, &2,
®5, and ®7 to low, for example. Accordingly, the
controller 2’ can supply the signal SHO to the
semiconductor chips Cpl2, Cpl3, Cplé6, and Cpl7, and supply
the signal SH2 to the semiconductor chips Cpl0, Cpll, Cpl4,
and Cpl5, thereby operating the NAND memory 3 with two
channels.

In order to operate the NAND memory 3 with one channel,
the controller 2’ can set the control signals o1, &3, &4,

and &7 to high, and set the control signals &0, &2, &5, and
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®6 to low, for example. Accordingly, the controller 2’ can
supply the signal SHO to the semiconductor chips Cpl0 to
Cpl7, thereby operating the NAND memory 3 with one channel.
[0032] FIG. 9 is a diagram illustrating an assignment
example of chip enable signals to the signals for the four
channels illustrated in FIG. 8.

Referring to FIG. 9, the controller 2’ can control the
number of chip enable signals to be assigned to the signals
for N channels. For example, in the case of one~channel
operation, the controller 2’ can assign the common chip
enable signal CEO to the signals SHO to SH3 for the four
channels. This makes it possible to reduce the number of
times when the chip enable signal is switched with chip
switching and simplify the control operation.
Alternatively, in the case of one-channel operation, the
controller 2’ may assign the separate chip enable signals
CEO to CE3 to the signals SHO to SH3 for the four channels.
This makes it possible to deactivate the unselected chips
and reduce power consumption.

[0033] FIG. 10(a) is a plane view of the connection
wiring example of the through electrodes for the four
channels illustrated in FIG. 8 and FIGS. 10(b) to 10(e) are
plane views of individual wiring layers in the connection
wiring illustrated in FIG. 10(a). FIGS. 10(a) to 10(e)
illustrate a connection wiring example of the semiconductor
chip Cpll illustrated in FIG. 8.

Referring to FIG. 10(a), the through electrode VA1OD to
VD10 and VAll to VD11l are disposed in square form. The
wires 11A to 11D are disposed on the through electrodes
VA1l to VD11, respectively. Lead portions LA to LD are
added to the wires 11A to 11D in the directions of the
wires 11D and 11A to 11C, respectively. The wires 12A to
12D are disposed on the wires 11D and 11A to 11C,
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respectively. Lead portions MA to MD are added to the
wires 12A to 12D in the directions of the wires 12B to 12D
and 12A, respectively. Solder balls 52A to 52D are
disposed on the wires 12A to 12D, respectively. The lead
portions LA to LD are connected to the lead portions MA to
MD via plug electrodes PA to PD, respectively.

Accordingly, it is possible to connect the through
electrode VAl1O to the through electrode VDll, connect the
through electrode VB10 to the through electrode VAll,
connect the through electrode VC1l0 to the through electrode
VB1l1l, and connect the through electrode VD10 to the through
electrode VC11 while suppressing increase ih the layout
area.

[0034] While certain embodiments have been described,
these embodiments have been presented by way of example
only, and are not intended to limit the scope of the
inventions. Indeed, the novel embodiments described herein
may be embodied in a variety of other forms; furthermore,
various omissions, substitutions and changes in the form of
the embodiments described herein may be made without
departing from the spirit of the inventions. The
accompanying claims and their equivalents are intended to
cover such forms or modifications as would fall within the

scope and spirit of the inventions.
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CLAIMS

1. A semiconductor device comprising:

M (M represents an integer of 2 or larger)
semiconductor chips that are stacked in sequence; and

through electrodes for N (N represents an integer of 2
or larger) channels that are embedded in the semiconductor
chips to connect electrically the semiconductor chips in a
direction of stacking, wherein

connection destinations of the through electrodes are
exchanged between one or more upper and lower layers of the

semiconductor chips.

2. The semiconductor device according to claim 1, wherein

the M semiconductor chips include two first
semiconductor chips and one second semiconductor chip,

one of the first semiconductor chips is stacked on the
second semiconductor chip,

the second semiconductor chip is stacked on the other
first semiconductor chip,

the through electrodes include first and second
through electrodes,

the first through electrode provided on the other
first semiconductor chip is connected to the second through
electrode provided on the second semiconductor chip,

the second through electrode provided on the other
first semiconductor chip is connected to the first through
electrode provided on the second semiconductor chip,

the first through electrode provided on the second
semiconductor chip i1s connected to the second through
electrode provided on the one of the first semiconductor
chip, and

the second through electrode provided on the second

semiconductor chip is connected to the first through
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electrode provided on the one of the first semiconductor

chip.

3. The semiconductor device according to claim 2,
comprising wiring layers that are provided in the
individual semiconductor chips and switch the connection
destinations of the through electrodes between upper and

lower layers of the semiconductor chips.

4. The semiconducter device according to claim 2, wherein
the semiconductor chip includes an interface unit that is
capable of communicating only a signal for one channel out
of signals for the N channels with the inside of the

semiconductor chip via the through electrode.

5. The semiconductor device according to claim 4, wherein,
in the individual semiconductor chips, the through
electrode via which the signal for one channel is
communicated is fixed to any one of the through electrodes

for the N channels.

6. The semiconductor device according to claim 4, wherein
the interface unit includes an AND circuilt that takes in
the signal for the one channel according to an internal

enable signal.

7. The semiconductor device according to claim 6, wherein
the semiconductor chip includes a logic circuit that
generates the internal enable signal based on a chip

address and chip identification information.

8. The semiconductor device according to claim 2,

comprising a controller that controls the semiconductor
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chips, wherein
the controller includes a channel control unit that

controls the number of channels implemented in the M

semiconductor chips.

9. The semiconductor device according to claim 8, wherein
the channel control unit controls the number of the
channels by inputting the same signal into two or more of

the through electrodes for the N channels.

10. The semiconductor device according to claim 9, wherein,
in order to operate the M semiconductor chips with K (K
represents an integer of equal to or smaller than M)
channels, the channel control unit divides the N channels
into K groups, inputs the same signal into the same group,

and inputs different signals into different groups.

11. The semiconductor device according to claim 8, wherein
the controller controls the number of assignments of chip

enable signals to the signals for the N channels.

12. The semiconductor device according to claim 8, wherein
the controller is disposed on the top semiconductor chip or

under the bottom semiconductor chip.

13. The semiconductor device according to claim 2, wherein

the semiconductor chips are NAND memories.

14. The semiconductor device according to claim 1, wherein
the semiconductor chips include a first semiconductor
chip and a second semiconductor chip,
the first semiconductor chip includes a first through

electrode and a second through electrode,
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the second semiconductor chip includes a third through

electrode and a fourth through electrode,

the third through electrode is disposed on the first
through electrode, and the fourth through electrode is
disposed on the second through electrode,

a first channel is assigned to the first through
electrode and the fourth through electrode, and

a second channel is assigned to the second through

electrode and the third through electrcde.

15. The semiconductor device according to claim 14,
wherein

the first semiconductor chip includes a first
interface unit that is capable of communicating only the
signal of the first channel with the inside of the first
semiconductor chip via the first through electrode, and

the second semiconductor chip includes a second
interface unit that is capable of communicating only the
signal of the second channel with the inside of the second

semiconductor chip via the third through electrode.

16. The semiconductor device according to claim 15,
comprising a controller that controls the first
semiconductor chip and the second semiconductor chip,
wherein

in order to operate the first semiconductor chip and
the second semiconductor chip with two channels, the
controller inputs separate signals into the first channel
and the second channel, and

in order to operate the first semiconductor chip and
the second semiconductor chip with one channel, the
controller inputs a common signal into the first channel

and the second channel.
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17. The semiconductor device according to claim 1, wherein

the semiconductor chips include a first semiconductor
chip and a second semiconductor chip,

the first semiconductor chip includes a first through
electrode, a second through electrode, a third through
electrode, and a fourth through electrode,

the second semiconductor chip includes a fifth through
electrode, a sixth through electrode, a seventh through
electrode, and an eighth through electrode,

the fifth through electrode is disposed on the first
through electrode, the sixth through electrode is disposed
on the second through electrode, the seventh through
electrode is disposed on the third through electrode, and
the eighth through electrode is disposed on the fourth
through electrode,

a first channel is assigned to the first through
electrode and the sixth through electrode,

a second channel is assigned to the second through
electrode and the seventh through electrode,

a third channel is assigned to the third through
electrode and the eighth through electrode, and

a fourth channel is assigned to the fourth through

electrode and the fifth through electrode.

18. The semiconductor device according to claim 17,
wherein

the first semiconductor chip includes a first
interface unit that is capable of communicating only the
signal of the first channel with the inside of the first
semiconductor chip via the first through electrode, and

the second semiconductor chip includes a second
interface unit that is capable of communicating only the

signal of the second channel with the inside of the second
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semiconductor chip via the fifth through electrode.

19. The semiconductor device according to claim 18,
comprising a controller that controls the first
semiconductor chip and the second semiconductor chip,
wherein

in order to operate the first semiconductor chip and
the second semiconductor chip with four channels, the
controller inputs separate signals into the first channel,
the second channel, the third channel, and the fourth
channel, and

in order to operate the first semiconductor chip and
the second semiconductor chip with one channel, the
controller inputs a common signal into the first channel,

the second channel, the third channel, and the fourth

channel.

20. The semiconductor device according to claim 17,
wherein

the first through electrode, the second through
electrode, the third through electrode, and the fourth
through electrode are disposed in square form, and

the fifth through electrode, the sixth through
electrode, the seventh through electrode, and the eighth

through electrode are disposed in square form.



