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(57) ABSTRACT

A semiconductor device comprises a memory unit, a select-
ing signal terminal, and an identifying unit. The selecting
signal terminal receives a memory unit selecting signal
which is commonly transmitted to a plurality of memory
units. The identifying unit distinguishes the memory unit
from other memory units on the basis of the Memory unit
selecting signal, and includes an identifier generating circuit
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Fig. 3
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SEMICONDUCTOR DEVICE INCLUDING
MEMORY UNIT AND SEMICONDUCTOR
MODULE INCLUDING MEMORY UNITS

CROSS-REFERENCE TO RELATED
APPLICATION

[0001] This application claims benefit of priority under 35
US.C. §119 to Japanese Patent Application No. 2000-
87644, filed on Mar. 27, 2000, the entire contents of which
is incorporated by reference herein.

BACKGROUND OF THE INVENTION
[0002] 1. Field of the Invention

[0003] The present invention relates to a semiconductor
device including at least one of memory unit and a semi-
conductor module including at least memory units, and more
particularly relates to a semiconductor device has at least
one of memory unit which can lay over one after another and
a semiconductor module has at least a plurality of memory
units which can lay over one after another. Further, the
invention relates to a semiconductor device has at least one
of memory unit which can lay over to at least one of another
memory unit of the same structure and a semiconductor
module has at least a plurality of memory units which can
lay over to each other and formed the same structure.

[0004] 2. Description of the Related Art

[0005] Semiconductor devices are strongly required to be
compact as lap top personal computers (PC), portable ter-
minal equipment (PDA), portable phones or the like have
become popular. Especially, semiconductor memories for
storing a large amount of information such as a dynamic
random access memory (called “DRAM” hereinafter) are
being required to have an increased storage capacity.

[0006] In the foregoing DRAM, a storage capacity real-
ized by a single semiconductor chip depends upon minute
machining precision in a semiconductor manufacturing pro-
cess. In order to assure a sufficient storage capacity, portable
equipment should be provided with a plurality of DRAMs
(ie. a plurality of semiconductor chips). Usually, the plu-
rality of DRAMs are two-dimensionally mounted on the
same plane of a printed circuit board such as a mother board,
daughter board or the like of the portable equipment.

[0007] However, with the foregoing mounting structure,
the DRAMs occupy a large space on the printed circuit
board, so that it has been very difficult to downsize the
portable equipment. In order to overcome such a problem, it
has been proposed to three-dimensionally mount DRAMs
on a printed circuit board.

[0008] Referring to FIG. 16 of the accompanying draw-
ings, a synchronous DRAM system (called “SDRAM” sys-
tem hereinafter) 100 comprises: four memory banks 101 to
104; a clock buffer circuit 110; a command decoding circuit
111; a control signal generating circuit 112; an address buffer
circuit 113; a mode register circuit 114; a refresh counter
circuit 115; a column counter circuit 116; a data controlling
circuit 117; and a data output buffer circuit 118. Each of the
memory banks 101 to 104 houses a memory cell array 130,
a column decoding circuit 131, a row decoding circuit 132,
and a sense amplifier 133 thereon.
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[0009] A storage capacity of each of the memory banks
101 to 104 is 16-Mbits, so that the SDRAM system 100 has
a total storage capacity of 64-Mbits. The memory cell array
130 receives 12-bit row address signals and 8-bit column
address signals. There are provided 16 data lines. These
values depend upon the storage capacity of the SDRAM
system 100. For instance, an SDRAM system having a
storage capacity of 256-Mbits uses 13-bit row address
signals and 9-bit column address signals.

[0010] The clock buffer circuit 110 receives clock signals
CLK and CKE. The command decoding circuit 111 receives
not only the clock signal CKE but also a chip selecting
signal CS, a row address strobe signal RAS, a column
address strobe signal CAS, a write enable signal WE, and an
address signal A,,. The address buffer circuit 113 receives
address signals A;,, Ag-A; and A,;, and bank selecting
signals BS0 and BS1. Further, the data output buffer circuit
118 sends and receives data signals DQO to DQn.

[0011] The SDRAM system 100 writes and reads data
according to the operation flowchart shown in FIG. 17.

[0012] (1) Bank Active Operation

[0013] First of all, the address signals A, to A,; are
inputted to the address buffer circuit 113. The 12-bit row
address signals are determined on the basis of the address
signals A, to A;; (in step 120). The row address strobe signal
RAS, column address strobe signal CAS, and write enable
signal WE are inputted to the command decoding circuit
111. When the row address strobe signal has a low level “L”,
the column address strobe signal CAS has the high level
“H”, and the write enable signal WE has a high level “H” (in
step 121), the chip selecting signal CS is then inputted to the
command decoding circuit 111. If the chip selecting signal
CS has the low level “L” (in step 122), the SDRAM system
100 will be selected. In this state, the bank selecting signals
BS0 and BS1 are inputted to the address buffer circuit 113
(in step 123). One of the memory banks 101 to 104 is
activated in response to the bank selecting signals BS0 and
BS1. For instance, it is assumed that the memory bank 101
is activated. Even if the chip selecting signal CS has the high
level “H” in this state, no data is written and read since the
SDRAM system 100 has not been activated. The row
address signal CAS is input to the activated memory bank
101.

[0014] (2) Data Write Operation and Data Read Operation

[0015] The activated memory bank 101 receives the 9-bit
column address signals CAS in response to the address
signals A, to Az inputted to the address buffer circuit 113 (in
step 124). The command decoding circuit 111 receives the
row address strobe signal RAS, column address strobe
signal CAS and write enable signal WE. In this state, if the
row address signal RAS has the high level “H”, the column
address strobe signal CAS has the low level “L”, and the
write enable signal WE has the high level “H” (in steps 125
and 126), in the memory cell array 130 of the activated
memory bank 101, a data stored at a memory cell of an
address, which is selected on the basis of the row address
signal RAS and the column address signal CAS, is read from
the memory cell (in step 127). The data is outputted as the
data signal DQ from the data output buffer circuit 118. On
the other hand, if the write enable signal WE has the low
level “L”, in the memory cell array 130 of the activated
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memory bank 101, the data is written into the memory cell
of the address, which is selected on the basis of the row
address signal RAS and the column address signal CAS (in
step 128). The data written into the memory cell is inputted
to the data output buffer circuit 118 as the data signal DQ.

[0016] The SDRAM system 100 to and from which the
data is written and read is activated in response to the chip
selecting signals CS.

[0017] When the SDRAM system 100 shown in FIG. 16
is packaged as one semiconductor memory and a plurality of
SDRAM systems 100 are simply stacked on a printed circuit
board, a terminal for supplying the chip selecting signal (i.e.
a chip selecting lead pin) is commonly used for all of the
SDRAM systems 100. An external device can neither acti-
vate a particular SDRAM system 100 nor write the data into
it or read the data therefrom.

[0018] Japanese Patent Laid-open Publications No. Hei
2-290048 and No. Hei 6-342874 disclose the inventions
which can overcome the foregoing technical problems.

[0019] In Japanese Patent Laid-open Publication No. Hei
2-290048 (called “Reference 1”), packages 131 to 134 of the
tape-automated bonding type (called “TAB”) are stacked on
the printed circuit board 130 as shown in FIG. 18. The
packages 131 to 134 are respectively provided with outer
leads 135A to 135D for sending common signals such as an
address signal, a power source and so on, and outer leads
136A to 136D for sending the chip selecting signal CS to the
packages 131 to 134. The outer leads 136A to 136D are
branched into a plurality of sections, which are dislocated
one by one and are electrically connected to terminals 130A
to 130D of the printed circuit board 130 via the outer leads
137A to 137D. In other words, the chip selecting signal CS
can be independently supplied to the packages 131 to 134
via the outer leads 137A to 137D.

[0020] In the Japanese Patent Laid-open Publication No.
Hei 6-342874 (called “Reference 2), the package substrates
141 to 144 are stacked on the printed circuit board 140 as
shown in FIG. 19. The package substrates 141 to 144 are
respectively provided with the front electrodes 145A to
145H and the rear electrodes 146A to 146H, which are
electrically connected via the through-holes. Further, the
front electrodes 145A to 145H and rear electrodes 146A to
146H are arranged in a staggered manner, so that the
package substrates 141 to 144 can independently receive the
chip selecting signal.

[0021] However, the foregoing inventions of the Refer-
ences 1 and the References 2 seem to suffer from the
following problems.

[0022] (1) In the Reference 1, the outer leads 137A to
137D are respectively connected to one end each of the
branched outer leads 136A to 136D, so that the chip select-
ing signal CS can be independently supplied to the packages
131 to 134. Therefore, it is possible to increase the storage
capacity by stacking a plurality of the packages 131 to 134
having the same structure. When the four packages 131 to
134 are stacked, the four outer leads 137A to 137D should
be provided. Each of the outer leads 136A to 136D is
branched into four sections. Further, if eight packages are
stacked, eight outer leads are required. Each of the outer
leads should be branched into eight sections. In other words,
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the packages 131 to 134 are enlarged depending upon the
number of branched sections of each of the outer leads 136 A
to 136D.

[0023] (2) With the Reference 2, the front electrodes 145A
to 145H and rear electrodes 146A to 146H are arranged in
the staggered manner in order to supply the chip selecting
signals CS. Thus, the chip selecting signals CS are sepa-
rately supplied to the package substrates 141 to 144. It is
possible to increase the storage capacity by stacking the
package substrates 141 to 144 having the same structure. As
with the Reference 1, the number of rows of the front
electrodes 145A to 145H and rear electrodes 146A to 146H
increases in accordance with the increase of the chip select-
ing signals, which would inevitably enlarge the package
substrates 141 to 144.

[0024] (3) In the References 1 and 2, the more the pack-
ages 131 to 134 or the package substrates 141 to 144, the
more chip selecting signals CS, and the more terminals for
supplying the chip selecting signals CS. The packages 131
to 134 or the package substrates 141 to 144 have to be
enlarged depending upon the increase in the number of the
foregoing terminals. Therefore, it has been very difficult to
increase the storage capacity of three-dimensionally stacked
devices.

SUMMARY OF THE INVENTION

[0025] According to the present invention, a semiconduc-
tor device comprises: a memory unit; a selecting signal
terminal for receiving a memory unit selecting signal which
is common to a plurality of memory units; and an identifying
unit which includes at least a memory unit selecting circuit
for selecting the memory unit on the basis of an identifier
assigned to the memory unit and the memory unit selecting
signal, and an identifier generating circuit for generating
identifiers for other memory units on the basis of the
identifier.

[0026] According to embodiment of the present invention,
the identifier generating circuit of the semiconductor device
is mainly constituted by an adder circuit or a subtracter
circuit.

[0027] According to embodiment of the present invention,
in the semiconductor device, the identifier is one bit data or
a plurality of bit data, and the identifier generating circuit is
an adder circuit for carrying the identifier data of the
memory unit bit by bit.

[0028] According to embodiment of the present invention,
the identifier generating circuit of the semiconductor device
is the adder circuit for carrying the identifier of the memory
unit by a half bit.

[0029] According to embodiment of the present invention,
the identifier generating circuit of the semiconductor device
is electrically connected to a standard voltage power supply
for a circuit system or a circuit operation power supply, and
the standard voltage power supply voltage or the circuit
operation power supply is used as the identifier.

[0030] According to embodiment of the present invention,
the memory unit selecting circuit of the semiconductor
device is a comparator for compares the identifier with the
memory unit selecting signal.
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[0031] According to embodiment of the present invention,
the memory unit of the semiconductor device is either a
DRAM (including SDRAM or the like) or a static random
access memory (SRAM) or a non-volatile memory which is
a read-only memory (ROM), an erasable programmable
read-only memory (EPROM) or an electrically erasable
programmable read-only memory (EEPROM).

[0032] According to embodiment of the present invention,
in the semiconductor device, the selecting signal terminal
which receives the memory unit selecting signal is a surplus
signal terminal out of address signal terminals which are
used for selecting address of the memory unit.

[0033] According to the present invention, a semiconduc-
tor device comprising: a memory unit; a selecting signal
terminal for receiving a memory unit selecting signal which
is common to a plurality of memory units; and an identifying
unit which is provided outside the memory unit and includes
at least a memory unit selecting circuit for selecting the
memory unit on the basis of an identifier assigned thereto
and a memory unit selecting signal, and an identifier gen-
erating circuit for generating identifiers for other memory
units on the basis of the identifier of the memory unit.

[0034] According to embodiment of the present invention,
in the semiconductor device, the memory unit and the
identifying unit are constituted by separate semiconductor
chips.

[0035] According to embodiment of the present invention,
in the semiconductor device, the semiconductor chips con-
stituting the memory unit and the identifying unit are
constituted by separate packages.

[0036] According to embodiment of the present invention,
in the semiconductor device, the semiconductor chips con-
stituting the memory unit and the identifying unit are
constituted by the same package.

[0037] According to embodiment of the present invention,
the selecting signal terminal of the semiconductor device is
provided in the semiconductor chip constituting the identi-
fying unit.

[0038] According to the present invention, a semiconduc-
tor module comprising: a first memory unit; a second
memory unit positioned on or by the first memory unit; a
first selecting signal terminal provided in the first memory
unit and for receiving a memory unit selecting signal which
is common to a plurality of memory units; a second selecting
signal terminal provided in the second memory unit and for
receiving the memory unit selecting signal which is common
to a plurality of memory units; a first identifying unit
including at least: a first memory unit selecting circuit for
selecting the first memory unit on the basis of a first
identifier assigned thereto and the memory unit selection
signal; and a first identifier generating circuit for generating
a second identifier for the second memory unit on the basis
of the first identifier; and a second identifying unit including
at least: a second memory unit selecting circuit for selecting
the second memory unit on the basis of the second identifier
assigned thereto and the memory unit selection signal; and
a second identifier generating circuit for generating a third
identifier for a third memory unit on the basis of the second
identifier.

[0039] According to embodiment of the present invention,
the first identifier generating circuit and the second identifier
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generating circuit of the semiconductor module are mainly
constituted by an adder circuit or a subtracter circuit.

[0040] According to embodiment of the present invention,
the first identifier generating circuit of the semiconductor
module is electrically connected to a standard voltage power
supply for a circuit system or a circuit operation power
supply, and the standard voltage power supply or the circuit
operation power supply is used as the first identifier.

[0041] According to embodiment of the present invention,
in the semiconductor module, the first memory unit selecting
circuit is a comparator for compares the first identifier and
the memory unit selecting signal, and the second memory
unit selecting circuit is a comparator for compares the
second identifier and the memory unit selecting signal.

[0042] According to embodiment of the present invention,
in the semiconductor module, the second memory unit is
stacked on the first memory unit.

[0043] According to embodiment of the present invention,
in the semiconductor module, the second memory unit is
juxtaposed to the first memory unit.

[0044] According to embodiment of the present invention,
semiconductor module further comprising at least one
memory unit and at least one identifying unit.

[0045] According to the present invention, a semiconduc-
tor device comprising: a memory unit; a selecting signal
terminal for receiving a memory unit selecting signal which
is common to a plurality of memory units; and an identifying
unit at least including an identifier generating circuit pro-
vided with at least a fuse element for generating an identifier
assigned to the memory unit, and a memory unit selecting
circuit for selecting the memory unit on the basis of an
identifier assigned thereto and the memory unit selecting
signal.

[0046] According to embodiment of the present invention,
in the semiconductor device, the identifier generating circuit
further includes a resistance element; the fuse element has
one end thereof electrically connected to a standard voltage
power supply for a circuit system and the other end thereof
electrically connected to the memory unit selecting circuit
and one end of the resistance element; and the resistance
element has the other end thereof electrically connected to
the circuit operation power supply for the circuit system.

[0047] According to embodiment of the present invention,
the resistor element of the semiconductor device has a
resistance value which is higher than a resistance value of
the fuse element.

[0048] According to the present invention, a semiconduc-
tor device comprising: a memory unit; a selecting signal
terminal for receiving a memory unit selecting signal which
is common to a plurality of memory units; and an identifying
unit at least including an identifier generating circuit pro-
vided with at least a wire for generating an identifier for the
memory unit, and a memory unit selecting circuit for select-
ing the memory unit on the basis of the identifier assigned
thereto and the memory unit selecting signal.

[0049] Further, according to embodiment of the present
invention, the wire of the semiconductor device has one end
thereof electrically connected to a standard voltage power
supply for a circuit system or a circuit operation power
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supply for a circuit system and the other end thereof elec-
trically connected to the memory unit selecting circuit.

BRIEF DESCRIPTION OF THE DRAWINGS

[0050] FIG. 1 is a system block diagram of a semicon-
ductor device according to a first embodiment of the inven-
tion.

[0051] FIG. 2(A) is a block diagram of an identifying unit
and an identifier generating circuit of the semiconductor
device of FIG. 1.

[0052] FIG. 2(B) is a table showing truth values of the
identifier generating circuit of the identifying unit of FIG.
2(A).

[0053] FIG. 3 is a block diagram of a memory unit
selecting circuit of the identifying unit of FIG. 2(A).

[0054] FIG. 4 is a system block diagram of a semicon-
ductor module according to the first embodiment of the
invention.

[0055] FIG. 5 is a cross section of a semiconductor
module in which a plurality of semiconductor devices of a
flip chip structure are stacked, according to the first embodi-
ment.

[0056] FIG. 6(A) is a schematic plan view showing a
package substrate and a first wiring pattern of the semicon-
ductor module in FIG. 5.

[0057] FIG. 6(B) is a schematic plan view showing a
package substrate and a second wiring pattern of the semi-
conductor module in FIG. 5.

[0058] FIG. 7 is a cross section of a semiconductor
module in which a plurality of semiconductor devices of a
tape carrier package structure are stacked, according to the
first embodiment.

[0059] FIG. 8(A) is a schematic plan view showing a first
wiring pattern of an intermediate wiring board between
upper and lower semiconductor devices of the semiconduc-
tor module of FIG. 7.

[0060] FIG. 8(B) is a schematic plan view showing a
second wiring pattern of the intermediate wiring board in the
semiconductor module of FIG. 7.

[0061] FIG. 9 is a flow chart showing the data writing and
reading in the semiconductor device and the semiconductor
module according to the first embodiment.

[0062] FIG. 10 is a system block diagram of a semicon-
ductor module according to a second embodiment of the
invention.

[0063] FIG. 11 is a flow chart showing the data writing
and reading in the semiconductor device and semiconductor
module according to the second embodiment.

[0064] FIG. 12 is a block diagram of a semiconductor
device in a modified example of the second embodiment.

[0065] FIG. 13 is a block diagram of an identifying unit
of a semiconductor device according to a third embodiment
of the invention.

[0066] FIG. 14 is a block diagram of an identifying unit
of a semiconductor device according to a fourth embodiment
of the invention.
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[0067] FIG. 15 is a system block diagram of a semicon-
ductor module according to a fifth embodiment of the
invention.

[0068] FIG. 16 is a block diagram of a DRAM system of
the related art.

[0069] FIG. 17 is a flow chart showing the operation of
the DRAM system of FIG. 16.

[0070] FIG. 18 is a perspective view of the essential parts
of a semiconductor device of the related art.

[0071] FIG. 19 is a cross section of a semiconductor
device of the related art.

DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENTS

[0072] The invention will be described with reference to
the preferred embodiments shown in the drawings. The
invention is assumed to be applied to a semiconductor
device and a semiconductor module comprising at least a
DRAM used as memory unit.

First Embodiment

[0073] Structure of Semiconductor Device

[0074] In a first embodiment of the invention, a semicon-
ductor device 1 is constituted by an SDRAM system.
Referring to FIG. 1, the semiconductor device 1 comprises
at least: a memory unit 10A; selecting signal terminals 311
and 312 for receiving memory unit selecting signals CS1
and CS2 which are common to not only the memory unit
10A but also other memory units (10B to 10D) to be
described later; and an identifying unit 30A for distinguish-
ing (or selecting) the memory unit 10A from the memory
units 10B to 10D in response to the memory unit selecting
signals CS1 and CS2.

[0075] The first embodiment is realized by a semiconduc-
tor module in which a total of four semiconductor devices 1
to 4 having the memory units 10A, 10B, 10C and 10D are
stacked, or less than four semiconductor devices (e.g. two
semiconductor devices) are stacked. The semiconductor
devices 2 to 4 will be described later.

[0076] In the semiconductor device 1, the memory unit
10A includes four memory banks 21 to 24, a clock buffer
circuit 11, a command decoding circuit 12, a control signal
generating circuit 13, an address buffer circuit 14, a mode
register circuit 15, a refresh counter circuit 16, a column
counter circuit 17, a data control circuit 18, and a data output
buffer circuit 19. The term “memory unit” refers to a unit for
storing information, and covers memories dedicated to writ-
ing and reading information. Each of the memory banks 21
to 24 is provided with a memory cell array 200, a column
decoding circuit (CDEC) 201, a row decoding circuit
(RDEC) 203, and a sense amplifier (SA) 202.

[0077] Each of the memory banks 21 to 24 has a storage
capacity of 16-Mbits, for example, which is variable. The
memory unit 10A has a storage capacity of 64-Mbits in total.
The memory cell array 200 receives 12-bit row address
signals and 8-bit column address signals. There are sixteen
data lines. The foregoing values vary with the storage
capacity of the memory unit 10A. For example, if the
memory unit 10A has the storage capacity of 256-Mbits,
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13-bit row address signals and 9-bit column address signals
will be utilized. Also, the semiconductor device 1 may be
equipped with one, two, eight or any more memory bank.

[0078] The clock buffer circuit 11 receives the clock
signals CLK and CKE, and the command decoding circuit
12 receives the clock signal CKE, a row address strobe
signal RAS, a column address strobe signal CAS, a write
enable signal WE and an address signal A,,. Further, the
command decoding circuit 12 receives via the identifying
unit 30A the selection signal for selecting the memory unit
10A. The address buffer circuit 14 receives the address
signals A;q, Ag to Ay, and A, ;, and bank select signals BS0
and BS1. The data output buffer circuit 19 receives and
transmits data signals DQO to DQn.

[0079] The identifying unit 30A (30B to 30D) identifies
the memory unit 10A (10B to 10D) on the basis of the
memory unit selecting signals CS1 and CS2 supplied to the
selecting signal terminals 311 and 312. Accordingly, the
identifying unit 30A includes at least: a memory unit select-
ing circuit 31 for selecting the memory unit 10A on the basis
of the identifier of the memory unit 10A and the memory
unit selecting signals CS1 and CS2; and an identifier gen-
erating circuit 32 for generating identifiers for the other
memory unit (10B).

[0080] The memory unit selecting signals CS1 and CS2
are simultaneously transmitted to all of the memory units
10A to 10D, but not separately. Therefore, the semiconduc-
tor device 1 is provided with two selecting signal terminals
311 and 312 to which the memory unit selecting signals CS1
and CS2 are supplied, respectively. The same holds true to
each of the semiconductor devices 2 to 4 stacked on the
semiconductor device 1.

[0081] Each of the memory unit selecting signals CS1 and
CS2 are one-bit signals having the low level and the high
level (e.g. they correspond to “0” and “1”). In other words,
the memory unit selecting signals CS1 and CS2 have a total
of two-bit data such as “0,0”, 0,17, “1,0” and “1,1”, which
are simultaneously supplied to the memory units 10A to
10D.

[0082] In the first embodiment, the four semiconductor
devices 1 to 4 (i.c. the memory units 10A to 10D) are
assumed to be stacked one over after another, so that only
two selecting signal terminals 311 and 312 are provided. If
eight semiconductor devices (i.c. eight memory units) are
stacked at maximum, three selecting signal terminals will be
provided in order to supply 3-bit memory unit selecting
signals CS1 to CS3. If sixteen semiconductor devices (i.e. 16
memory units) are stacked at maximum, four selecting
signal terminals will be provided in order to supply 4-bit
memory unit selecting signals CS1 to CS4. If 16 or more
semiconductor devices (i.e. 16 memory units) are provided,
five or more selecting signal terminals will be provided in
order to supply 5-bit or more—bit memory unit selecting
signals CS1 to CSn.

[0083] The memory unit selecting circuit 31 for the iden-
tifying unit 30A is connected to the selecting signal termi-
nals 311 and 312 in order to receive the memory unit
selecting signals CS1 and CS2. Further, the memory unit
selecting circuit 31 is connected to identifier input terminals
321 and 322 in order to receive identifier generating signals
ID;,1 and ID, 2, thereby producing the identifier for the
memory unit 10A.
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[0084] The identifier generating circuit 32 is connected to
the identifier input terminals 321 and 322 for receiving the
identifier generating signals for the memory unit 10A, and to
identifier output terminals 323 and 324 for producing and
outputting identifiers for the other memory units (10B to
10D).

[0085] The memory unit selecting signals CS1 and CS2
are the 2-bit signals, so that the identifier is made of 2-bit
data. In other words, the identifier input terminal 321
receives the identifier generating signal ID; 1 while the
identifier input terminal 322 receives the identifier generat-
ing signal ID; 2. The identifier output terminals 323 and 324
transmit identifier generating signals ID__ 1 and ID
respectively.

[0086] Each of the identifiers is provided for each of the
memory units (10A to 10D), and is used as a specific
identification code for selecting a specific memory unit (e.g.
the memory unit 10A). For instance, it is assumed that a
signal “0,0” is assigned as the identifier for the memory unit
10A. If the memory unit selecting signals CS1 and CS2
represent “0”, respectively, the memory unit 10A will be
activated.

[0087] Referring to FIG. 2(A), the identifier generating
circuit 32 is constituted by an adder circuit including
inverter circuits 325 and 326, AND circuits 327 and 328, and
an OR circuit 329. As shown in the truth value table in FIG.
2(B), the identifier generating circuit 32 receives the signals
“0” as the identifier generating signals ID; 1 and ID, 2,
respectively. The signals “0,0” are the identifier peculiar to
the memory unit 10A. When the signal “0” is outputted as
the identifier generating signal ID_ 1, an added signal “1”
is outputted as the identifier generating signal ID_ 2. The

out
signal “0,1” as the identifier generating signals ID_ 1 and
ID_ 2 isused as an identifier for the memory unit 10B of the
semiconductor device 2 on the semiconductor device 1.
Alternatively, the identifier generating circuit 32 may be a

subtractor circuit 32.

out out®?

[0088] Referring to FIG. 3, the memory unit selecting
circuit 31 is constituted by three comparators, i.e. a com-
parator 31A for comparing the identifier generating signal
ID,,1 with the memory unit selecting signal CS1, a com-
parator 31B for comparing the identifier generating signal
ID,, 2 with the memory unit selecting signal CS2, and a
comparator circuit 31C for comparing comparison results of
the comparators 31A and 31B. All of the comparators 31A,
31B and 31C are configured as identical logic circuits, and
are combined with inverter circuits 315 and 316, and AND
circuits 317 and 318, and an OR circuit 319. In short, any of
the comparators 31A to 31C outputs the signal “1” when two
input signals are in agreement. Conversely, when the two
input signals are not in agreement, the comparator circuit
31A, 31B or 31C outputs the signal “0”. The signal “1”
which is finally outputted by the comparator circuit 31C of
the memory unit selecting circuit 31 serves as the signal for
selecting the memory unit 10A, and is transmitted to the
command data decoding circuit 12. The signal “0” finally
outputted by the comparator 31C serves as a signal for not
selecting the memory unit 10B.

System Configuration of Semiconductor Module

[0089] A semiconductor module 5 of the first embodiment
comprises the semiconductor devices 1 to 4 as shown in
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FIG. 4. The semiconductor devices 2 to 4 are substantially
identical to the semiconductor device 1, and are three-
dimensionally stacked one over after another on the semi-
conductor device 1. Further, the semiconductor module 5
includes the memory units 10A to 10D of the semiconductor
devices 1 to 4.

[0090] As described above, the semiconductor device 1
includes the memory unit 10A, the selecting signal terminals
311 and 312 for receiving the common memory unit select-
ing signals CS1 and CS2, and the identifying unit 30A. The
semiconductor devices 2 to 4 include the memory units 10B
to 10D, selecting signal terminals 311 and 312, and identi-
fying units 30B to 30D, respectively.

[0091] When the semiconductor device 1 is in operation,
the identifier input terminals 321 and 322 are electrically
connected to a standard voltage supply Vss for supplying a
0O(zero) V ground voltage, for example. Referring to FIG.
2(A) and FIG. 2(B), the signals “0” as the identifier gener-
ating signals ID; 1 and ID, 2 are inputted to the identifier
input terminals 321 and 322. In short, the identifier “0,0” is
assigned to the memory unit 10A. The identifier generating
circuit 32 of the memory unit 10A adds a half bit to the
identifier “0,0”, thereby producing another identifier “0,1%,
which is then sent to the identifier input terminals 321 and
322 of the semiconductor device 2 via the identifier output
terminals 323 and 324. The identifier “0,1” is assigned to the
memory unit 10B of the semiconductor device 2. Similarly,
the identifiers “1,0” are assigned to the memory units 10C of
the semiconductor devices 3, and the identifiers “1,1” are
assigned to the memory units 10D of the semiconductor
devices 4. These identifiers “0,0”, 0,17, “1,0” and “1,1” are
automatically produced by the identifying units 30A to 30D
when the standard voltage supply Vss is connected to the
semiconductor device 1.

[0092] The identifier for the semiconductor device 1 does
not always have to be “0,0”. In other words, the semicon-
ductor device 1 may have the identifier “0,17, “1,0” or “1,1”.
In such a case, when the semiconductor device 1 is in
operation, the circuit operation voltage Vcc of approxi-
mately 3.3 V to 5 V which corresponds to the identifier “1”
is applied to the identifier input terminal 321 or 322. For
instance, when the identifier “0,1” is assigned to the semi-
conductor device 1, the identifiers “1,0”, “1,1” and “0,0”
will be automatically assigned to the semiconductor devices
2 to 4, respectively.

[0093] Accordingly, no a special external unit as a
memory controller and so on is necessary in order to
automatically generate identifiers for distinguishing the
selected memory unit (e.g. the memory unit 10A) from the
other memory units (e.g. the memory units 10B to 10D).
Further, no special program which stored to the memory
controller and so on is required in order to individually
assign the identifiers to the memory units. This is effective
in utilizing an existing circuit system.

First Structure of Semiconductor Module

[0094] The following describe a semiconductor module 5
in which a plurality of semiconductor devices of the flip-
chip structure are stacked. As shown in FIG. 5, the semi-
conductor module § is constituted by the semiconductor
devices 1 to 4 which are stacked one over after another with
the semiconductor device 1 at the bottom.
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[0095] The semiconductor device 1 includes at least a
package substrate S0A, a semiconductor chip 57A mounted
on the package substrate S0A by the flip-chip structure, and
a protecting resin film 60A extending over the semiconduc-
tor chip 57A in order to protect it against surroundings.

[0096] The package substrate S0A is made of an insulating
material such as epoxy resin or ceramics and so on, and is
provided with front electrodes S1A and rear electrodes S5A
on the opposite surfaces thereof, and two wiring layers 52A
and 54A on the front surface thereof. The number of wiring
layers is variable. The front and rear electrodes 51A and S5A
are electrically connected via a connecting hole 50H in the
package substrate S0A. The front electrode 51A and the first
wiring layer 52A are flush with each other and are made of
the same conductive material. The second wiring layer 54A
is arranged on the first wiring layer 52A via an inter-layer
insulating layer 53A, and is electrically connected to the first
wiring layer 52A via a connecting hole 53H in the inter-layer
insulating layer S3A. The front and rear electrodes S1A and
55A, and the first and second wiring layers 52A and 54A are
made of conductive materials such as copper, copper alloy
and so on.

[0097] FIG. 6(A) and FIG. 6(B) schematically show
arrangement patterns of only the front electrode 51A and the
first and second wiring layers 52A and 54A which are used
to send the memory unit selecting signals CS1 and CS2 and
the identifier generating signals ID, 1, ID, 2, ID_ 1 and
ID_,2. In short, the memory unit selecting signals CS1 and
CS2 and the identifier generating signals ID;, 1 and ID; 2 are
supplied to the semiconductor chip 57A via the rear elec-
trode 55A, front electrode S51A, first wiring layer 52A and
second wiring layer 54A. The identifier generating signals
ID_,1 and ID_2 are supplied to a rear electrode 55B of a
package substrate S0B of the semiconductor device 2 on the
first semiconductor device 1 (see FIG. 5).

[0098] The semiconductor chip 57A is made of a single
crystal silicon substrate (single crystal silicon chip) 57S, and
has, on an element forming surface thereof, at least the
memory unit 10A and identifying unit 30A (shown in FIG.
1). The element forming surface is of the flip-chip structure,
and is mounted in a face-down state (i.e. facing with the
front surface of the package substrate 50A). In other words,
a bonding pad 57P of the semiconductor chip S57A is
electrically and mechanically connected to the second wir-
ing layer 54A of the package substrate 50A via a bump
electrode 58A. The bump electrode 58A is preferably a
solder bump electrode, a gold bump electrode or the like.

[0099] The protecting resin film 60A protects the element
forming surface of the semiconductor chip 57A against the
intrusion of water (moisture), heavy metal and so on, and is
made by potting polyimide group resin, for example.

[0100] The semiconductor devices 1 to 4 are essentially
identical. Hereinafter, the letter “A” attached to the compo-
nents of the semiconductor device 1, the letters “B, C and D”
are attached to the components of the semiconductor devices
2 to 4, respectively. Therefore, no further detailed descrip-
tion thereof will be made here. For instance, the semicon-
ductor chips are assigned reference numerals 57A, 57B, 57C
and 57D in the semiconductor devices 1 to 4, respectively.

[0101] The semiconductor module 5 is structured as fol-
lows. The rear electrode 55B of the package substrate 50B
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of the semiconductor device 2 is electrically and mechani-
cally connected, via a bump electrode 59, on the second
wiring layer 54A (which is used at one end as a surface
electrode similarly to the front electrode 51A) of the pack-
age substrate S0A of the semiconductor device 1. The rear
electrode 55C of the package substrate S0C of the semicon-
ductor device 3 is electrically and mechanically connected,
via another bump electrode 59, on the second wiring layer
54B of the package substrate S0B of the second semicon-
ductor device 2. The rear electrode 55D of the package
substrate 50D of the semiconductor device 4 is electrically
and mechanically connected, via another bump electrode 59,
on the second wiring layer 54B of the package substrate 50C
of the third semiconductor device 3. In the semiconductor
devices 1 to 4, the wirings 54A, 54B, 54C and 54D (front
electrodes) are aligned, and the rear electrodes 55A, 55B,
55C and 55D are aligned. The bump electrodes 59 are
preferably solder bump electrodes.

[0102] In the first embodiment, “the selecting signal ter-
minals” of the invention are the selecting signal terminals
311 and 312 in semiconductor device 1 shown in FIG. 1. In
the packaged semiconductor device 1 of FIG. 5, “the
selecting signal terminals” are the rear electrode 55A to
which the memory unit selecting signals CS1 and CS2 are
sent at first, and the second wiring layer (front electrode)
54A via which the memory unit selecting signals CS1 and
CS2 are finally outputted.

[0103] Alternatively, each of the package substrates 50A,
50B, 50C and 50D of the semiconductor devices 1 to 4 may
be provided with one front wiring layer and one rear wiring
layer on the opposite surfaces thereof, respectively.

Second Structure of Semiconductor Module

[0104] The following describes a semiconductor module 5
which includes a plurality of stacked semiconductor devices
of a tape carrier package structure (TCP). Referring to FIG.
7, the semiconductor module 5 has the semiconductor
devices 1 to 4 stacked one over after another with the
semiconductor device 1 at the bottom.

[0105] The semiconductor device 1 includes at least a base
substrate 70A, a semiconductor chip 73A mounted on the
base substrate 70A using the tape carrier structure, and a
resin seal 75A for protecting the semiconductor chip 73A
against the surroundings.

[0106] The base substrate 70A is a so-called insulated
wiring board made of a material such as inflexible epoxy
group resin or flexible polyimide group resin, and includes
a lead wiring 71A and a rear electrode 72A on its front and
rear surfaces, respectively. The lead wiring 71A and rear
electrode 72A are electrically connected via a connecting
hole 70H in the base substrate 70A, and are mainly made of
a conductive material such as copper, a copper alloy or the
like. Alternatively, the lead wiring 71A is made of a popular
iron-nickel alloy such as 42 alloy (42 atoms % Ni—Fe alloy)
or 50 alloy (50 atoms % Ni—Fe alloy) or the like.

[0107] The semiconductor chip 73A is a single crystal
silicon substrate 73S, or example, similarly to the semicon-
ductor chip 57A described with respect to the first structure
of the semiconductor module. The semiconductor chip 73A
includes at least the memory unit 10A and identifying unit
30A on its element forming surface, as shown in FIG. 1. The
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element forming surface is mounted in a face-up manner, as
shown in FIG. 7. Specifically, a bonding pad 73P of the
semiconductor chip 73A is electrically and mechanically
connected to an underside of an inner lead (finger lead) of
the lead wiring 71A of the base substrate 70A. The bump
electrode 74A is preferably a solder bump electrode, a gold
bump electrode or the like.

[0108] The resin seal 75A seals the semiconductor chip
73A in order to protects the element forming face thereof
against water and contaminant such as heavy metal or the
like, and is made of thermosetting epoxy group resin which
is transfer-molded (resin-molded).

[0109] The semiconductor devices 1 to 4 are essentially
identical, and are not described in detail here. The letters A,
B, C and D are added to the reference numerals of their
components. For instance, the semiconductor chips are
assigned reference numerals 73A, 73B, 73C and 73D in the
semiconductor devices 1 to 4, respectively.

[0110] The semiconductor devices 1 and 2 are electrically
and mechanically connected via an intermediate wiring
board (e.g. printed wiring board) 8A provided therebetween.
The semiconductor devices 2 and 3 are electrically and
mechanically connected via an intermediate wiring board
8B. Further, the semiconductor devices 3 and 4 are electri-
cally and mechanically connected via an intermediate wiring
board 8C.

[0111] The intermediate wiring board 8A includes at least
an insulated substrate 80A, a first wiring layer 81A on the
front surface of the insulated substrate 80A, a second wiring
layer 83A on the front wiring layer 81A, and a rear electrode
84A on the rear surface of the insulated substrate 80A.
Specifically, the second wiring layer 83A is arranged on the
first wiring layer 81A via an inter-layer insulating layer 82A,
and is electrically connected to the first wiring layer 81A via
a connecting hole 82H in the inter-layer insulating layer
82A. The first wiring layer 81A is connected to the rear
electrode 84A via a connecting hole 80H in the insulated
substrate 80A. The insulated substrate 80A is made of a
wiring board material such as epoxy group resin, ceramics
or the like. The first and second wiring layers 81A and 83A,
and the rear electrode 84A are made of a conductive material
such as copper, a copper alloy or the like.

[0112] The rear electrode 84A is electrically and mechani-
cally connected to a lead wiring 71A of the semiconductor
device 1 via a bump electrode 76. The second wiring layer
83A is electrically and mechanically connected to a rear
electrode 72B of the semiconductor device 2 via a bump
electrode 77. The bump electrodes 76 and 77 are preferably
solder bump electrodes, for example.

[0113] The intermediate wiring boards 8B and 8C of the
semiconductor devices 2 and 3 are substantially identical to
the intermediate wiring board 8A of the semiconductor
device 1. Therefore, the letters B and C are added to the
reference numerals of the components in the semiconductor
devices 2 and 3.

[0114] FIG. 8(A) and FIG. 8(B) schematically show
wiring patterns of the first and second wiring layers 81A and
83A for supplying the identifier generating signals ID; 1,
1D, 2, ID_,1 and ID_ 2. Specifically, the identifier gener-
ating signals ID_ 1 and ID_,2 are outputted from the

bonding pad 73P (i.e. identifier output terminals 323 and
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324) of the semiconductor chip 73A, are sent to the rear
electrode 84A of the intermediate wiring board 8A via the
lead wiring 71A and bump electrode 76, and are then
supplied to the rear electrode 72B of the base substrate 70B
of the semiconductor device 2 via the first and second wiring
layers 81A and 83A (shown in FIG. 8(A) and FIG. 8(B)),
respectively (see FIG. 7).

Bank Active Operation, Data Write Operation and
Data Read Operation

[0115] Referring to FIG. 9, the data writing and reading
will be described with respect to the semiconductor devices
1 to 4 in the semiconductor module 5. It is assumed here that
the semiconductor device 1 of the semiconductor module 5
is activated in order to write and read data in and from the
memory unit 10A.

[0116] (1) Bank Active Operation

[0117] First of all, in the semiconductor device 1 of FIG.
1, the address signals A, to A,; are inputted in the address
buffer circuit 14, and the 12-bit row address signals RAS are
determined on the basis of these address signals A, to A,; (in
step 400 in FIG. 9). The row address strobe signal RAS,
column address strobe signal CAS and write enable signal
WE are inputted to the command decoding circuit 12. These
signals are commonly inputted to the semiconductor devices
1 to 4 constituting the semiconductor module S.

[0118] When the row address strobe signal RAS has the
low level “L”, the column address strobe signal CAS has the
high level “H”, and the write enable signal WE has the high
level “H” (in step 401), the identifier produced in response
to the memory unit selecting signals CS1 and CS2 and the
identifier produced by the identifier generating circuit 32 are
compared by the memory unit selecting unit 31 of the
identifying unit 30A, in order to determine the activation or
non-activation of the memory unit 10A (in step 402).

[0119] In the semiconductor device 1, the signals “0” are
inputted as the identifier generating signals ID;,1 and ID; 2,
and the identifier “0,0” is determined. Therefore, when the
signals “0” are inputted as the memory unit selecting signals
CS1 and CS2, the identifier “0,0” and the memory unit
selecting signal “0,0” are in agreement, so that the memory
unit 10A will be activated. Otherwise, the memory unit 10A
will not be activated.

[0120] Thereafter, the memory bank 21, 22, 23 or 24 will
be activated in response to the bank select signals BS1 and
BS2 sent to the address buffer circuit 14 (in step 403). It is
assumed here that the memory bank 21 is activated. If the
identifier of the semiconductor device 1 and the memory
unit selecting signals CS are not in agreement, i.e. if the
memory unit 10A is not activated, no data will be written or
read regardless of the activation of the memory bank 21. The
row address signal is inputted to the activated memory bank
21.

[0121] (2) Data Write Operation and Data Read Operation

[0122] The activated memory bank 21 receives the 8-bit
column address signals CAS in response to the address
signals A, to A, inputted to the address buffer circuit 14 (in
step 404). The row address strobe signal RAS, column
address strobe signal CAS and write enable signal WE are
inputted to the command decoding circuit 12. When the row
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strobe signal RAS has the high level “H”, the column strobe
signal CAS has the low level “L”, and the write enable signal
WE has the high level “H” (in steps 405 and 406), data
which has been stored in the memory cell of the address
specified by the row address signal RAS and column address
signal CAS is read in the memory cell array 200 of the
memory bank 21 (in step 407). The data output buffer circuit
19 outputs the read data as a data signal DQ. On the other
hand, if the write enable signal WE has the low level “L.”,
the data in a memory cell of the address determined by the
row address signal RAS and the column address signal CAS
is written in the memory cell array 200 (in step 408). The
data written into the memory cell is inputted to the data
output buffer circuit 19 as the data signal DQ.

[0123] The memory unit 10A of the semiconductor device
1 where the data should be written into and read from is
activated on the basis of the identifier “0,0” supplied by the
identifying unit 30A and the memory unit selecting signals
CS1 and CS2. The memory unit 10B of the semiconductor
device 2 is activated on the basis of the identifier “0,1”
specified by the identifying unit 30B and the memory unit
selecting signals CS1 and CS2. The memory unit 10C of the
semiconductor device 3 is activated on the basis of the
identifier “1,0” specified by the identifying unit 30C and the
memory unit selecting signals CS1 and CS2. The memory
unit 10D of the semiconductor device 4 is activated on the
basis of the identifier “1,1” specified by the identifying unit
30D and the memory unit selecting signals CS1 and CS2.

[0124] In the semiconductor devices 1 to 4, the memory
units 10A to 10D are identified by the identifying units 30A
to 30D on the basis of the common memory unit selecting
signals CS1 and CS2 supplied via the selecting signal
terminals 311 and 312, which is effective in reducing the
number of the selecting signal terminals 311 and 312, and
enabling the selecting signal terminals 311 and 312 to have
the identical structure in the memory units 10A to 10D. As
a result, the semiconductor devices 1 to 4 can be downsized
in response to the reduced number of the selecting signal
terminals CS1 and CS2, and can have the memory units 10A
to 10D stacked therein.

[0125] Further, the memory units 10A to 10D of the
semiconductor devices 1 to 4 can be easily activated on the
basis of their identifiers and the memory unit selecting
signals CS1 and CS2. Still further, for instance, the identifier
“0,0” of the memory unit 10A can be used in order to
automatically produce the identifier “0,1” of the memory
unit 10B on the memory unit 10A. Similarly, the identifier
“0,1” of the memory unit 10B can be used in order to
automatically produce the identifier “1,0” of the memory
unit 10C on the memory unit 10B, and the identifier “1,0” of
the memory unit 10C can be used in order to automatically
produce the identifier “1,1” of the memory unit 10D on the
memory unit 10C.

[0126] The memory units 10A to 10D (i.e. the semicon-
ductor devices 1 to 4) can be stacked in order to constitute
the semiconductor module 5, which is effective in increasing
the storage capacity and improving mounting density of
components. Alternatively, if the semiconductor module 5§
may include 8, 16, 32 or 64 of semiconductor devices which
are stacked one over after another, the number of selecting
signal terminals can be reduced extensively.
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[0127] Tt is also possible to juxtapose the semiconductor
devices 1 to 4 and the memory units 10A to 10D in place of
stacking them.

Second Embodiment

System Configuration of Semiconductor Module

[0128] In a second embodiment of the invention, surplus
address signal terminals (or a surplus signal lines) of the
address signal terminals of the semiconductor devices 1 to 4
or the semiconductor module 5 are used for receiving a
memory unit selecting signal CS.

[0129] Referring to FIG. 10, a semiconductor module 5 of
this embodiment is identical to the semiconductor module 5
shown in FIG. 4, and includes semiconductor devices 1 to
4 which are identical and are stacked one over after another
with the semiconductor device 1 at the bottom. Memory
units 10A to 10D of the semiconductor devices 1 to 4 are
three-dimensionally stacked one over after another.

[0130] The semiconductor device 1 is provided with one
selecting signal terminal 311 for effectively receiving the
common 1-bit memory unit selecting signal CS1. And a
surplus address signal terminal 312 out of the common
address signal terminals is used for receiving the common
1-bit memory unit selecting signal CS2. Each of the semi-
conductor devices 2 to 4 is required to have only one
selecting signal terminal 311 for receiving the common
memory unit selecting signal CS1, and surplus address
signal terminals 312 out of the common address signal
terminals are used for receiving the memory unit selecting
signal CS2.

[0131] Each of the memory units 10A to 10D includes a
total of 13 address signal terminals for receiving the address
signals A, to A,,. The address signals A, to A,; are actually
used as the row address signals RAS. In other words, the
address signal terminal related to the address signal A, is
not in use. More specifically, the address signals A, to A, are
used as the column address signals CAS. As a result, the
address signal terminals related to the remaining address
signals are out of use. In the semiconductor devices 1 to 4
of the second embodiment, the address signal A,, and the
address signal terminals for receiving it are used as the
common memory unit selecting signal CS2 and as selecting
signal terminals 312 for receiving this common memory unit
selecting signal CS2.

Bank Active Operation, Data Write Operation and
Data Read Operation

[0132] Data are written in and read from the semiconduc-
tor devices 1 to 4 in the semiconductor module 5 as follows
with reference to FIG. 11. It is assumed here that the
semiconductor 1 is activated, and that the memory unit 10A
writes and reads the data.

[0133] (1) Bank Active Operation

[0134] In the semiconductor device 1, the address signals
Ag to A, are inputted to the address buffer circuit 14 (refer
to FIG. 1). The 13-bit row address signals RAS are pro-
duced on the basis of these address signals A to A, (in step
500 in FIG. 11). The command decoding circuit 12 receives
the row address strobe signal RAS, column address strobe
signal CAS and write enable signal WE. By the way, all of
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the foregoing signals are commonly inputted to the semi-
conductor devices 1 to 4. In other words, the semiconductor
devices 2 to 4 also receive them.

[0135] When the row address strobe signal RAS has the
low level “L”, the column address strobe signal CAS has the
high level “H” and the write enable signal WE has the high
level “H” (in step 501), the memory unit selecting circuit 31
of the identifying unit 30A determines the activation or
non-activation of the memory unit 10A (in step 502), as
shown in FIG. 10 (and FIGS. 1, 2(A) and 3). Specifically,
the memory unit selecting circuit 31 determines the activa-
tion or non-activation of the memory unit 10A on the basis
of the memory unit selecting signal CS1, the address signal
A, used in place of the memory unit selecting signal CS2,
and the identifier produced in response to the identifier
generating signals ID; 1 and ID; 2.

[0136] Thereafter, the address buffer circuit 14 receives
the bank selecting signals BS1 and BS2 (in step 503), on the
basis of which one of the memory banks 21 to 24 (shown in
FIG. 1) will be activated. It is assumed here that the memory
bank 21 is activated. If the identifier of the semiconductor
device 1 does not agree with the memory unit selecting
signal CS1, i.e. if the memory unit 10A is not activated, no
data will be written or read. In this state, the data concerning
the activation of the memory bank 21 in response to the bank
selecting signals BS1 and BS2 is stored in a mode register
circuit 15 (shown in FIG. 15) provided in the memory unit
10A. The row address signals A, to A,; are inputted to the
activated memory bank 21.

[0137] (2) Data Write Operation and Data Read Operation

[0138] The memory bank 21 receives the 9-bit column
address strobe signals CAS on the basis of the address
signals A, to A, inputted to the address buffer circuit 14 (in
step 504). The command decoding circuit 12 receives the
row address strobe signal RAS and the column address
strobe signal CAS. If the row address signals RAS have the
low level “L” and the column address signal CAS have the
high level “H”, respectively (in step 505), the most signifi-
cant column address signal Ag and the identifier generating
signal ID; 1 are compared, and the data stored in the mode
register circuit 15 are also referred to (in step 506). When the
column address signal A, agrees with the identifier gener-
ating signal ID; 1 and when the data stored in the mode
register circuit 15 denotes the activation of the memory bank
21, the write enable signal WE will be inputted (in step 507).
If the write enable signal WE has the high level “H”, the data
are read from the memory cell having the address selected
in response to the row address signal RAS and the column
address signal CAS, in the memory cell array 200 of the
activated memory bank 21 (in step 508). The read data is
outputted as the data signal DQ via the data output buffer
circuit 19. On the other hand, if the write enable signal WE
has the low level “L”, the data is written into the memory
cell having the address selected in response to the row
address signal RAS and the column address signal CAS, in
the memory cell array 200 (in step 509). The data written
into the memory cell is transmitted to the data output buffer
circuit 19 as the data signal DQ.

[0139] The memory unit 10A for which the data is written
and read is activated on the basis of the identifier specified
by the identifying unit 30A, and the address signal A,, used
in place of the memory unit selecting signal CS2. The



US 2001/0028114 A1l

memory units 10B to 10D of the semiconductor devices 2 to
4 are activated in the similar manner and are subject to the
data writing and reading.

[0140] In the second embodiment, the selecting signal
terminal 312 for receiving the address signal A, is used in
order to receive the memory unit selecting signal CS2,
which is effective in reducing the number of the selecting
signal terminals and downsizing the semiconductor devices
1 to 4 and the semiconductor module 5.

[0141] In such semiconductor device 1, it is possible to
handle the memory module which was composed by four
64-Mbit SDRAMs like one 256-Mbit SDRAM when seeing
it from outside.

Applied Example

[0142] If the semiconductor devices 1 to 4 do not consti-
tute the semiconductor module 5, the column address signal
A, is used in place of the identifier generating signal ID; 1,
and the row address signal A,, is used in place of the
identifier generating signal ID; 2, so that the data can be
independently written and read regardless of the column
address signal A, and the row address signal A ,.

Third Embodiment

[0143] In a third embodiment of the invention, the iden-
tifier generating circuits of the identifying units 30A to 30D
of the semiconductor devices 1 to 4 in the semiconductor
module 5, are constituted by fuse elements.

[0144] Referring to FIG. 13, the identifying unit 30A of
the semiconductor device 1 includes at least: an identifier
generating circuit 34, which has at least fuse elements 341
and 342 for producing an identifier to be assigned to the
memory unit 10A; and a memory unit selecting circuit 31 for
selecting the memory unit 10A on the basis of the identifier
produced by the identifier generating circuit 34 and the
memory unit selecting signals CS1 and CS2.

[0145] The memory unit selecting circuit 31 of this
embodiment is identical to that of the first embodiment, and
will not be described in detail.

[0146] The fuse element 341 has one end thereof electri-
cally connected to the standard power supply Vss for sup-
plying a O V ground potential, and the other end thereof
electrically connected to an operation power supply Vec, for
supplying a 3.3 V circuit operation potential, via a high
resistance element 343, of which resistance value is higher
than resistance value of the fuse element 341, and to the
memory unit selecting circuit 31. When the fuse element 341
is conductive, the standard power supply Vss supplies the
signal “0” as the identifier to the memory unit selecting
circuit 31 via the fuse element 341. Conversely, when the
fuse element 341 is not conductive, the operation power
supply Vee supplies the signal “1” as the static identifier to
the memory unit selecting circuit 31 via a high resistance
element 343.

[0147] The fuse element 342 has one end thereof electri-
cally connected to the standard power supply Vss and the
other end thereof electrically connected to the operation
power supply Vcc via a high resistance element 344, of
which resistance value is higher than resistance value of the
fuse element 342, and to the memory unit selecting unit 31.

Oct. 11, 2001

When the fuse element 342 is conductive, the standard
power supply Vss supplies the signal “0” as the identifier to
the memory unit selecting circuit 31 via the fuse element
342. Conversely, when the fuse element 342 is not conduc-
tive, the operation power supply Vece supplies the signal “1”
as the identifier to the memory unit selecting circuit 31 via
a high resistance element 344.

[0148] In short, four kinds of identifiers “0,0”, “0,17,1,0”
and “1,1” can be produced by the fuse elements 341 and 342.
Each of the identifying units 30B to 30D of the semicon-
ductor devices 2 to 4 includes the identifier generating
circuits 34 having the fuse elements 341 and 342 and the
memory unit selecting circuits 31. In other words, the
semiconductor devices 1 to 4 are identically configured.

[0149] The memory cell for storing the 1-bit data of the
DRAM is constituted by a series circuit including not only
an insulated gate field effect transistor (IGFET) for memory
cell activation but also a data storing capacitive element.
Both of the fuse elements 341 and 342 may be made of a
conductive layer (e.g. a polycrystalline silicon film, a suicide
film or a polycide film and so on) which is the same as that
of a gate electrode of the IGFET. The high resistance
elements 343 and 344 may be made of the same conductive
material as that of the gate electrode, and have a low
impurity ratio in order to assure a high resistance compared
with the fuse elements 341 and 342.

[0150] The fuse elements 341 and 342 can be electrically
disconnected or can be disconnected using laser. In FIG. 13,
reference numeral 345 denotes a fuse window which is
formed in a passivation film, and is used to enable laser
beams to pass through and to discharge objects which may
be produced when the fuse element 341 or 342 is blown.

[0151] The semiconductor devices 1 to 4 and the semi-
conductor module 5 are as effective as that of the first
embodiment, and are easy to produce the identifiers using
the fuse terminals 341 and 342 which have a simple structure
compared with a logical circuit, for example. This is effec-
tive in simplifying the identifying units 30A to 30D.

Fourth Embodiment

[0152] In a fourth embodiment of the invention, the iden-
tifying units 30A to 30D of the semiconductor devices 1 to
4 in the semiconductor module 5 of the first or second
embodiment are realized by wires.

[0153] The identifying unit 30A of the semiconductor
device 1 includes at least an identifier generating circuit 35
which has at least wires 351 and 352 for generating an
identifier for the memory unit 10A, and a memory unit
selecting circuit 31 for selecting the memory unit 10A on the
basis of the identifier generated by the identifier generating
circuit 35 and the memory unit selecting signals CS1 and
CS2.

[0154] The memory unit selecting circuit 31 is identical to
that of the first embodiment shown in FIG. 3, and will not
be described here.

[0155] The wire 351 has one end thereof electrically
connected to an identifier input terminal 353, which is
electrically connected to the memory unit selecting circuit
31. The other end of the wire 351 is connected to a standard
power supply terminal (Vss) 355 when the identifier signal
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is “0”. Conversely, when the identifier signal is “1”, the
other end of the wire 351 is electrically connected to an
operation power supply terminal (Vec) 356. In other words,
the wire 351 supplies the identifier generating signal ID, 1
to the memory unit selecting circuit 31 via the identifier
input terminal 353.

[0156] One end of the wire 352 is electrically connected to
an identifier input terminal 354, which is electrically con-
nected to the memory unit selecting circuit 31. The other end
of the wire 353 is electrically connected to the standard
power supply terminal (Vss) 355 when the identifier signal
is “0” or to the operation power supply terminal (Vec) 356
when the identifier signal is “1”. The wire 352 supplies the
identifier generating signal ID; 2 to the memory unit select-
ing circuit 31 via the identifier input terminal 354.

[0157] The wires 351 and 352 are preferably made of gold
bonding wire, copper bonding wire, aluminum bonding wire
or the like, for example. The standard power supply terminal
355 and the operation supply terminal 356 are preferably
made of bonding pads which are formed in a semiconductor
chip, lead frames or lead wires which are formed outside the
semiconductor chip, or the like, similarly to the identifier
input terminals 353 and 354.

[0158] The wires 351 and 352 can generate four identifiers
“0,0”, “0,1”, “1,0” and “1,1”. Each of the identifying units
30B to 30D of the semiconductor devices 2 to 4 in the
semiconductor module 5 includes the identifier generating
circuit 35 having the wires 351 and 352, and the memory
unit selecting circuits 31.

[0159] The semiconductor devices 1 to 4 and semicon-
ductor module 5 of this embodiment is not only as advan-
tageous as the semiconductor devices 1 to 4 and the semi-
conductor module 5 of the first embodiment but also
includes the simplified identifying units 30A to 30D in
which the identifiers can be generated using the wires 351
and 352 that are simple compared with a logical circuit.

Fifth Embodiment

[0160] In a fifth embodiment of the invention, the semi-
conductor module 5 comprises four semiconductor devices
1 to 4, each of which includes a memory unit and an
identifying unit that is separate from the memory unit. As
shown in FIG. 15, the semiconductor module 5 are provided
with: memory units 10A to 10D; selecting signal terminals
for receiving the memory unit selecting signal CS1 which is
common to the memory units 10A to 10D; a surplus signal
terminal for receiving a row address signal A, as the
memory unit selecting signal CS2; and identifying units 30A
to 30D which are provided outside the memory units 10A to
10D, and identify the memory units 10A to 10D on the basis
of the common memory unit selecting signal CS1 and the
row address signal A ,.

[0161] The semiconductor device 1 with the memory unit
10A is electrically connected to another semiconductor
device 1A that has an identifying unit 30A. The semicon-
ductor device 1A provides the semiconductor device 1 with
at least the memory unit selecting signals CS and bank
selecting signals BS. The semiconductor devices 1 and 1A
are constituted by at least separate semiconductor chips.
Alternatively, they may be separately packaged, or may be
integrally packaged on one substrate of a multiple package
structure.
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[0162] The semiconductor devices 2 to 4 including the
memory units 10B to 10D are identical to the semiconductor
device 1. Specifically, they are respectively and electrically
connected to other semiconductor devices 2A to 4A, which
include identifying units 30B to 30D.

[0163] The semiconductor module 5 of this embodiment
write and read data as done by the semiconductor module 5
of the second embodiment, which will not be described here.

[0164] The semiconductor devices 1 to 4 and the semi-
conductor module 5 of this embodiment are not only as
advantageous as the semiconductor devices 1 to 4 and the
semiconductor module 5 of the first embodiment but also
can improve system configuration tolerance since the iden-
tifying units 30A to 30D are provided outside the memory
units. Further, the memory units 10A to 10D and the
identifying units 30A to 30D can be separately manufac-
tured.

Other Embodiments

[0165] The invention being thus described with reference
to a number of embodiments, it will be obvious that the same
may be varied in many ways. Such variations are not to be
regarded as a departure from the spirit and scope of the
invention, and all such modification as would be obvious to
one skilled in the art are intended to be included with the
scope of the invention.

[0166] For instance, the memory units 10A to 10D in the
first to fifth embodiments may be replaced with rewritable
memories or read-only memories. The rewritable memories
may be at least volatile memories such as SRAMs or the
like. The read-only memories may be at least non-volatile
memories such as ROMs, EPROMs, EEPROMs.

[0167] Further, the memory units 10A to 10D may include
peripheral units necessary for writing and reading informa-
tion. In the foregoing description, each memory unit is
assumed to be mounted on a semiconductor chip. Alterna-
tively, the memory units may be mounted on a semiconduc-
tor chip together with logical units such as a central pro-
cessing unit (CPU) and other units. Still further, the memory
units may constitute one memory module mounted on one
common substrate (i.e. a semiconductor wafer).

[0168] As described above, the invention provides the
semiconductor device in which a plurality of identical
memory units can be stacked. This is effective in reducing
the selecting signal terminals for receiving memory unit
selecting signals, increasing the storage capacity and down-
sizing the semiconductor device.

[0169] 1t is possible to adopt the package structure in
which a plurality of memory units are stacked and a reduced
number of selecting signal terminals are provided. Further,
the package itself can be downsized.

[0170] The invention can further provide the semiconduc-
tor device in which stacked memory units can be easily
identified.

[0171] Finally, the invention can provide the semiconduc-
tor module constituted by the foregoing semiconductor
devices.



US 2001/0028114 A1l

What is claimed is:
1. A semiconductor device comprising:

a memory unit;

a selecting signal terminal for receiving a memory unit
selecting signal which is common to a plurality of
memory units; and

an identifying unit which includes at least a memory unit
selecting circuit for selecting the memory unit on the
basis of an identifier assigned to the memory unit and
the memory unit selecting signal, and an identifier
generating circuit for generating identifiers for other
memory units on the basis of the identifier.

2. The semiconductor device of claim 1, wherein the
identifier generating circuit is mainly constituted by an adder
circuit or a subtracter circuit.

3. The semiconductor device of claim 1, wherein the
identifier is one bit data or a plurality of bit data, and the
identifier generating circuit is an adder circuit for carrying
the identifier data of the memory unit bit by bit.

4. The semiconductor device of claim 3, wherein the
identifier generating circuit is the adder circuit for carrying
the identifier of the memory unit by a half bit.

5. The semiconductor device of claim 1, wherein the
identifier generating circuit is electrically connected to a
standard voltage power supply for a circuit system or a
circuit operation power supply, and the standard voltage
power supply voltage or the circuit operation power supply
is used as the identifier.

6. The semiconductor device of claim 1, wherein the
memory unit selecting circuit is a comparator for compares
the identifier with the memory unit selecting signal.

7. The semiconductor device of claim 1, wherein the
memory unit is either a DRAM or an SRAM.

8. The semiconductor device of claim 1, wherein the
memory unit is a non-volatile memory which is ROM,
EPROM or EEPROM.

9. The semiconductor device of claim 1, wherein the
selecting signal terminal which receives the memory unit
selecting signal is a surplus signal terminal out of address
signal terminals which are used for selecting address of the
memory unit.

10. A semiconductor device comprising:

a memory unit;

a selecting signal terminal for receiving a memory unit
selecting signal which is common to a plurality of
memory units; and

an identifying unit which is provided outside the memory
unit and includes at least a memory unit selecting
circuit for selecting the memory unit on the basis of an
identifier assigned thereto and a memory unit selecting
signal, and an identifier generating circuit for generat-
ing identifiers for other memory units on the basis of
the identifier of the memory unit.

11. The semiconductor device of claim 10, wherein the
memory unit and the identifying unit are constituted by
separate semiconductor chips.

12. The semiconductor device of claim 11, wherein the
semiconductor chips constituting the memory unit and the
identifying unit are constituted by separate packages.
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13. The semiconductor device of claim 11, wherein the
semiconductor chips constituting the memory unit and the
identifying unit are constituted by the same package.

14. The semiconductor device of claim 11, wherein the
selecting signal terminal is provided in the semiconductor
chip constituting the identifying unit.

15. A semiconductor module comprising:

a first memory unit;

a second memory unit positioned on or by the first

memory unit;

first selecting signal terminal provided in the first
memory unit and for receiving a memory unit selecting
signal which is common to a plurality of memory units;

a second selecting signal terminal provided in the second
memory unit and for receiving the memory unit select-
ing signal which is common to a plurality of memory
units;

a first identifying unit including at least: a first memory
unit selecting circuit for selecting the first memory unit
on the basis of a first identifier assigned thereto and the
memory unit selection signal; and a first identifier
generating circuit for generating a second identifier for
the second memory unit on the basis of the first
identifier; and

second identifying unit including at least: a second
memory unit selecting circuit for selecting the second
memory unit on the basis of the second identifier
assigned thereto and the memory unit selection signal;
and a second identifier generating circuit for generating
a third identifier for a third memory unit on the basis of
the second identifier.

16. The semiconductor module of claim 15, wherein the
first and second identifier generating circuits are mainly
constituted by adder or subtracter circuits.

17. The semiconductor module of claim 15, wherein the
first identifier generating circuit is electrically connected to
a standard voltage power supply for a circuit system or a
circuit operation power supply, and the standard voltage
power supply or the circuit operation power supply is used
as the first identifier.

18. The semiconductor module of claim 15, wherein the
first memory unit selecting circuit is a comparator for
compares the first identifier and the memory unit selecting
signal, and the second memory unit selecting circuit is a
comparator for compares the second identifier and the
memory unit selecting signal.

19. The semiconductor module of claim 15, wherein the
second memory unit is stacked on the first memory unit.

20. The semiconductor module of claim 15, wherein the
second memory unit is juxtaposed to the first memory unit.

21. The semiconductor module of claim 15 further com-
prising at least one memory unit and at least one identifying
unit.

22. A semiconductor device comprising:

a memory unit;

a selecting signal terminal for receiving a memory unit
selecting signal which is common to a plurality of
memory units; and

an identifying unit at least including an identifier gener-
ating circuit provided with at least a fuse element for
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generating an identifier assigned to the memory unit,
and a memory unit selecting circuit for selecting the
memory unit on the basis of an identifier assigned
thereto and the memory unit selecting signal.

23. The semiconductor device of claim 22, wherein: the
identifier generating circuit further includes a resistance
element; the fuse element has one end thereof electrically
connected to a standard voltage power supply for a circuit
system and the other end thereof electrically connected to
the memory unit selecting circuit and one end of the resis-
tance element; and the resistance element has the other end
thereof electrically connected to the circuit operation power
supply for the circuit system.

24. The semiconductor device of claim 23, wherein the
resistor element has a resistance value which is higher than
a resistance value of the fuse element.

25. A semiconductor device comprising:

a memory unit;
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a selecting signal terminal for receiving a memory unit
selecting signal which is common to a plurality of
memory units; and

an identifying unit at least including an identifier gener-
ating circuit provided with at least a wire for generating
an identifier for the memory unit, and a memory unit
selecting circuit for selecting the memory unit on the
basis of the identifier assigned thereto and the memory
unit selecting signal.

26. The semiconductor device of claim 25, wherein the
wire has one end thereof electrically connected to a standard
voltage power supply for a circuit system or a circuit
operation power supply for a circuit system and the other
end thereof electrically connected to the memory unit select-
ing circuit.





