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(57) Abstract: There is provided a semiconductor memory device having a plurality of memory cell layers which can be used even
if part of the memory cell layers is determined as defective. The semiconductor memory device includes a stacked memory cell
array having a laminated plurality of memory cell layers, each of which has a plurality of blocks; a layer quality information storing
circuit (10) which can store layer quality information indicating whether the individual memory cell layer is a normal memory cell
layer or a defective memory cell layer so as to identify a memory cell layer in which the number of defective blocks found is equal
to or greater than a predetermined number as a defective memory cell layer and the other memory cell layers as normal memory
cell layers; and address converting circuit (11) in which if an externally input address input from outside corresponds to the block
in the defective memory cell layer, the externally input address is address-converted so as to correspond to the block of the normal
memory cell layer.
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DESCRIPTION
SEMICONDUCTOR MEMORY DEVICE

CROSS-REFERENCE TO RELATED APPLICATION
This application is based upon and claims the benefit of
priority from prior Japanese Patent Application No. 2008-16252,
filed on January 28, 2008, the entire contents of which are
incorporated herein by reference.

BACKGROUND OF THE INVENTION
Field of the Invention

The present invention relates to a semiconductor memory
device.
Background Art

Currently, in a flash memory device, a redundant block is
used to replace a defective block. However, if the number of
defective blocks found in a memory chip is equal to or greater
than a predetermined number at shipping inspection, the
memory chip is identified as a defective chip.

Japanese Patent Laid-Open No. 1997-146849 discloses a
memory reconstruction method for improving the system
reliability by isolating a memory in which a fault occurs.

Recently, a flash memory device having a large capacity
has been advancing, and in order to meet the needs of further
large capacity and reduced area on a planar surface, there has
been known a three dimensionally stacked NAND flash memory
including a plurality of layers, each of which has a memory cell
array, (hereinafter referred to as a memory cell layer) laminated
in one chip.

SUMMARY OF THE INVENTION
An embodiment of the present invention provides a

semiconductor memory device characterized by including:

a stacked memory cell array having a laminated plurality
of memory cell layers, wherein each of the individual memory
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cell layers has a plurality of blocks;

a layer quality information- storing circuit which can store
layer quality information indicating whether the individual
memory cell layer is a normal memory cell layer or a defective
memory cell layer so as to identify a memory cell layer in which
the number of defective blocks found is equal to or greater than
a predetermined number as a defective memory cell layer and
the other memory cell layers as normal memory cell layers; and

an address converting circuit in which if an externally
input address input from outside corresponds to the block in the
defective memory cell layer, the externally input address is
address-converted so as to correspond to the block of the
normal memory cell layer.

- BRIEF DESCRIPTION OF THE DRAWINGS

Figure 1 is a drawing showing an entire configuration of a
flash memory device;

Figure 2A is a drawing showing a configuration of a
stacked memory cell array;

Figure 2B is a drawing showing a configuration of
individual blocks (BLOCKmi);

Figure 3A is a drawing showing an address table before
address conversion;

Figure 3B is a drawing showing an address table after
address conversion; '

Figure 4 is a drawing showing a configuration of Rom
Fuse;

Figure 5 is a drawing showing an operation of the address
conversion in accordance with a first embodiment;

Figure 6 is a drawing showing a circuit of a block
decoder;

Figure 7 is a drawing showing a transfer gate section;

Figure 8 is a state transition diagram showing an
operation of physical isolation of a block;

Figure 9 is a drawing showing that layer selection signals
(Layer Select [0] to [3]) are generated by a multiplexer circuit;
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Figure 10 is a drawing showing that a Veemn sSignal is
generated by a level shifter circuit;

Figure 11 is a drawing showing an equivalent circuit of
the level shifter circuit of Figure 10;

Figure 12 is a flowchart in accordance with a second
embodiment;

Figure 13 is a flowchart in accordance with a third
embodiment; _

Figure 14 is a drawing showing a configuration of a three
dimensionally stacked NAND flash memory;

Figure 15 is a drawing showing an example of a circuit
configuration of a sense amplifier;

Figure 16 is a drawing showing a configuration of a
ReRAM memory cell array; and

Figure 17 is a sectional view of the ReRAM having four
laminated memory cell layers.

DESCRIPTION OF THE EMBODIMENTS

Before embodiments of the present invention are
described, the background in which the present inventor has
reached the present invention will be described.

Figure 14 shows a configuration of a three dimensionally
stacked NAND flash memory having a plurality of memory cell
layers 1a, 1b, 1c, and 1d, and a sense amplifier 21. Each of
the memory cell layers 1a, 1b, 1c, and 1d has a memory
transistor (not shown) located at an intersection of a bit line 22
and a word line 23. A predetermined number of memory
transistors are grouped into a memory unit. A collective
erasure can be performed in units of memory units. The sense
amplifier 21 detects a very small amount of potential change
based on an on or off state of a memory cell to read from and
determines the read data. The sense amplifier 21 is provided
common to the corresponding bit lines of the memory cell layers
1a, 1b, 1c, and 1d in Figure 14 and is configured to be switched
by a switch (not shown).

A case is considered in which an inspection is performed
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on such a three dimensionally stacked NAND flash memory in
the same manner as before. If the number of defective
memory transistors found in an individual block is equal.to or
greater than a predetermined number, the block is identified as
a defective block. If the number of defective blocks found in
one or two or more memory cell layers is equal to or greater
than a predetermined number (acceptable value n), the memory
cell layer is identified as defective. If at least one defective
memory cell layer is found in one chip, the chip is identified as a
defective chip, even though the other memory cell layers are
normal. Thereby, reduction of yield cannot be prevented.

In a process of sequentially forming a plurality of
memory cell layers in one chip, an element in a lower memory
cell layer may undergo heat treatment more than before as an
upper memory cell layer is formed. Therefore, there is a high

~ possibility of reducing yield. For example, with reference to a

three dimensionally stacked NAND flash memory in Figure 14, if
the memory cell layers are formed in the order of 1la, 1b, 1c,
and 1d, the memory cell layer 1a undergoes heat treatment
when the memory cell layers 1b, 1c, and 1d are formed.
Moreover, on the contrary, if a fabrication condition and the like
are changed in a middle of the process, there is also a
possibilify of reducing yield of the upper memory cell layers. In
the above example, it is considered that the yield of the
memory cell layer 1d is relatively reduced.

The above technical problem is not yet recognized by
other skilled in the art, but is recognized uniquely by the
present inventors. The present inventors consider the problem
in the following wa'y.

A case is considered in which an inspection of the
individual memory cell layers (1a, 1b, 1c, and 1d) reveals that
many defective blocks are found in the memory cell layers 1a
and 1c, and the number of defective blocks exceeds the
acceptable value. In this case, with the conventional test, the
entire chip is identified as defective even if there is no defective
block in the memory cell layers 1b and 1d. However, the
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distribution of the defective blocks depends on the memory cell
layer, and thus half the memory cell layers can be used as a
memory device by excluding the memory cell layers in which
many defective blocks are found. For example, an ID code for
identifying the capacity can be written in a nonvolatile memory
used as a management area so that the device can be used as a
memory device having a specific capacity from outside.

The present invention intends to provide what has been
described as above.

Hereinafter, embodiments of the present invention will be
described with reference to drawings.

In the first embodiment, a logical isolation (meaning an
exclusion from a logical address) is performed on a defective
memory cell layer by performing address conversion using a
circuit inside the flash memory chip. In the second to fourth
embodiments, a defective memory cell layer is isolated using a
host controller outside the flash memory chip.

(First embodiment)

Figure 1 shows an entire configuration of a flash memory
device in accordance with a first embodiment. The flash
memory device has a host controller 9 and a flash memory chip
20. The flash memory chip 20 has a stacked memory cell array
1, a column control circuit 2, a row control circuit 3, a source
line control circuit 4, a P-well control circuit 5, a data
input/output buffer 6, a command interface 7, and a state
machine 8. The individual components will be described.

The stacked memory cell array 1 has a plurality of
memory cell layers configured such that the memory cells of the
flash memory are arranged in a matrix.

The column control circuit 2 (column decoder) is provided
adjacent to the stacked memory cell array 1. The column
control circuit 2 controls a bit line of the stacked memory cell
array 1 to erase data of a memory cell, write data in the
memory cell, and read data from the memory cell. It should be
noted that the column control circuit 2 may be provided for each
memory cell layer, or may be provided common to a plurality of
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memory cell layers to reduce the chip area.

The row control circuit 3 (row decoder) is provided
adjacent to the stacked memory cell array 1. The row control
circuit 3 selects a word line of the stacked memory cell array 1
and applies a voltage required to erase data of, write data in,
and read.data from the memory cell. It should be noted that
the row control circuit 3 may be provided for each memory cell
layer, or may be provided common to a pIuraIity'of memory cell
layers to reduce the chip area.

Moreover, the source line control circuit 4 for controlling a
source line of the stacked memory cell array 1, and the P-well
control circuit 5 for controlling the potential of a P-well in which
the stacked memory cell array 1 is formed are provided.

The data input/output buffer 6 s connected to an
external host controller 9 through an external I/0O line to receive
write data, send read data, and receive address data and
command data. Moreover, the data input/output buffer 6 sends
write data received from the host controller 9 to the column
control circuit 2; and in reverse, receives data read from the
column control circuit 2. At this time, in order to select a
memory cell to write in or read from, the data input/output
buffer 6 sends address data received from the host controller 9
to the column control circuit 2 and the row control circuit 3
through the state machine 8; and sends command data received
from the host controller 9 to the command interface 7.

The command interface 7 receives an external control
signal from the host controller 9 and determines the type of the
data (write data, command data, or address data) input to the
data input/output buffer 6. If the data is command data, the
signal is transferred as a receive command signal to the state
machine 8.

The state machine 8 performs an entire management of
the flash memory chip 20 by receiving a command from the
host controller 9, reading data, writing data, erasing data, and
performing data I/O ma'nagement.

The host controller 9 controls the flash memory chip 20
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with external control signals (read, write, erase, and the like).

Figure 2A shows a configuration of the stacked memory
cell array 1. Accord‘ing to the present embodiment, the stacked
memory cell array 1 is configured to stack four memory cell
layers. Each of the layers (Layer 0 to 3) consists of 1024
blocks, and the entire layers consist of a total of 4096 blocks.
It should be noted that a block is a minimum unit of data
erasing. |

Figure 2B shows a configuration of individual blocks
(BLOCKmi). As understood from Figure 2B, one block consists
of 8512 NAND memory units 25. Each NAND memory unit 25 is
configured by connecting four memory cells MO to M3 in series.
Each of the memory cells MO to M3 is a non-volatile storage
element, for example, an n-MOS transistor in which a floating
gate for accumulating electrons is buried in a gate oxide film.
One end of the individual NAND memory unit 25 is connected to
each of the bit lines BL (BLe O to BLe 4255 and BLo O to BLo
4255) through a selection gate S1 in which a selection gate line
SGD_mi is connected to the control gate. The other end
thereof is connected to a common source line C-source through
a selection gate S2 in which a selection gate line SGS_mi is
connected to a control gate. The control gate of each of the
memory cells MO to M3 is connected to a respective one of the
word lines WL (WLO_mi to WL3_mi). The even-numbered bit
lines BLe and the odd-numbered bit lines BLo starting at O are
independent from each other such that data is written in and
read from separately. Data writing or reading is simultaneously
performed on the 4256 memory cells connected to the
even-numbered bit lines BLe of the 8512 memory cells
connected to one word line WL. An individual memory cell
stores one bit of data, and 4256 memory cells constitute a unit
known as page. If one memory cell stores two bits of data,
4256 memory cells store two pages of data. In this case, in
the same manner as for the even-numbered bit lines BLe, the
4256 memory cells connected to odd-numbered bit lines BlLo
constitute another two pages, and data writing or reading is
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simultaneously performed on an individual memory cell in a
page.

If the number of defective NAND memory units 25 found
in a block is equal to or greater than a predetermined number,
the block is identified as a defective block.

Next, the capacity of the memory device will be described
in detail. If the blocks in all the memory cell layers are normal,
the capacity of the memory device is calculated by 4 layers
(Layer O to 3) x 1024 blocks x 4 pages x 4256 columns x 2
(Even/0Odd) = approximately 140M bits.

On the contrary, for example, if memory cell layers 1 and
3 are determined as defective, the memory cell layers 1 and 3
are isolated. Then, the capacity is calculated by 2 layers
(Layers 0, 2) x 1024 blocks x 4 pages x 4256 columns x 2
(Even/0Odd) = approximately 70M bits.

It should be noted that according to the present
embodiment, one memory cell layer is composed of 1024 blocks,
one block has 8512 NAND memory units 25, and one NAND
memory unit 25 has four memory cells, but the present
invention is not limited to this. The number of blocks, NAND
memory units, and memory cells can be modified according to a
desired capacity.

"Next, a method of isolating a memory cell layer
(defective memory cell layer) in which many defective blocks
are found will be described. There are a logical isolation
(address conversion) and a physical isolation as the method of
isolating the memory cell layer. First, the logical isolation is
described, and then, the physical isolation is described.

First, the method of logically isolating a defective
memory cell layer will be described in detail. A case is
considered in which a test of individual memory cell layers
(Layer O to 3) reveals that many defective blocks are found in
Layers 1 and 3, and the number of defective blocks exceeds the
acceptable value "n". Figure 3A shows an address table of
memory cells before address conversion and Figure 3B shows an
address table of memory cells after address conversion
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As understood from Figure 3B, the blocks 1024 to 2047
and the blocks 3072 to 4095 corresponding to the memory cell
layers 1 and 3 respectively cannot be seen from an external
host controller, and the blocks 2048 to 3071 of the memory cell
layer 2 are converted to blocks 1024 to 2047. At this time, as
described above, the capacity of the memory device is reduced
to 70M bits, or half the capacity thereof in comparison with the
memory device free from defective memory cell layers.

It should be noted that the acceptable value "n" used as
the basis of quality determination of a memory cell layer can be
set to any integer 0 < n < 1023.

Next, the method of converting a memory address will be
described in detail.

Figure 4 shows a configuration of a Rom Fuse for storing
a test result of a memory cell layer. As understood from Figure
4, since the memory cell layer of the present embodiment has
four layers (Layers O to 3), the Rom Fuse is 4 bits of memory.
The Rom Fuse uses part of the non-volatile memory region. It
should be noted that information stored in the Rom Fuse may be
read at the time of power on, copied in a register, and
subsequently read from the register.

The Rom Fuses [0] to [3] store quality information about
individual memory cell layers (Layer 0 to 3). More specifically,
"0" is stored for a normal layer (good), and "1" is stored for a
defective layer (fail). On the contrary, "1" may be stored for a
normal layer (good), and "0" may be stored for a defective layer
(fail).

Next, the content of an address conversion will be
described for each generation pattern of a defective memory
cell layer.

If Rom Fuse [3:0] = [0, 0, O, 0], which means there is no
defective memory cell layer, no address conversion is
performed.

If Rom Fuse [3:0] = [0, O, O, 1], Layer O is recognized as
defective, and Layer O is logically isolated. At this time, the
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address adding 1024 to an address input from outside is used
as the address inside the device. The operation is described in
detail with reference to Figure 5. Address information is
transferred to the state machine 8 from the external host
controller 9 through the command interface 7 and the data
input/output buffer 6. Afterward, the multiplexer adder circuit
11 in the state machine 8 is used to add 1024 to the transferred
address information. Then, the address information generated
in this manner is transferred to the row control circuit 3 and the
row control circuit 3 accesses the block indicated by the
generated address. Here, the multiplexer adder circuit 11 can
also function as a multiplexer circuit and can add an arbitrary
value based on the information in the Rom Fuse (Rom Fuse
[3:0]) 10 (including not to convert the address).

If Rom Fuse [3:0] = [0, O, '1, 0], Layer 1 is recognized as
defective, and Layer 1 is logically isolated. In this case, when
the externally input address is equal to or less than 1023, the
multiplexer adder circuit 11 transfers the address as is to the
row control circuit 3 and when the externally input address is
equal to or greater than 1024, the multiplexer adder circuit 11
adds 1024 thereto and transfers the address to the row control

"circuit 3; and the row control circuit 3 uses the transferred

address to access the block.

If Rom Fuse [3:0] = [0, 1, 0, 0], Layer 2 is recognized as
defective, and Layer 2 is logically isolated. In this case, when
the externally input address is equal to or less than 2047, the
multiplexer adder circuit 11 transfers the address as is to the
row control circuit 3; when the externally input address is equal
to or greater than 2048, the multiplexer adder circuit 11 adds
1024 thereto and transfers the address to the row control circuit
3; and the row control circuit 3 uses the transferred address to
access the block.

If Rom Fuse [3:0] = [1, 0, 0, 0], Layer 3 is recognized as
defective, and Layer 3 is logically isolated. In this case, the
multiplexer adder circuit 11 does not perform address
conversion.
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If Rom Fuse [3:0] = [0, O, 1, 1], Layers O, 1 are
recognized as defective, and Layers 0, 1 are logically isolated.
In this case, the multiplexer adder circuit 11 adds 2048 to an
externally input address and transfers the address to the row
control circuit 3; and the row control circuit 3 uses the
transferred address to access the block.

If Rom Fuse [3:0] = [0, 1, O, 1], Layers O, 2 are
recognized as defective, and Layers 0, 2 are logically isolated.
In this case, when the externally input address is equal to or
less than 1023, the multiplexer adder circuit 11 adds 1024
thereto and transfers the address to the row control circuit 3;
when the externally input address is equal to or greater than
1024, the multiplexer adder circuit 11 adds 2048 thereto and
transfers the address to the row control circuit 3; and the row
control circuit 3 uses the transferred address to access the
block.

If Rom Fuse [3:0] = [1, O, O, 1], Layers O, 3 are
recognized as defective, and Layers 0, 3 are logically isolated.
In this case, the multiplexer adder circuit 11 adds 1024 to an
externally input address and transfers the address to the row
control circuit 3; and the row control circuit 3 uses the
transferred address to access the block.

If Rom Fuse [3:0] = [0, 1, 1, O], Layers 1, 2 are
recognized as defective, and Layers 1, 2 are logically isolated.
In this case, when the externally input address is equal to or
less than 1023, the multiplexer adder circuit 11 transfers the
address as is to the row control circuit 3, and when the
externally input address is equal to or greater than 1024, the
multiplexer adder circuit 11 adds 2048 thereto and transfers the
address to the row control circuit 3; and the row control circuit
3 uses the transferred address to access the biock.

If Rom Fuse [3:0] = [1, O, 1, 0], Layers 1, 3 are
recognized as defective, and Layers 1, 3 are logically isolated.
In this case, when the externally input address is equal to or
less than 1023, the multiplexer adder circuit 11 transfers the
address as is to the row control circuit 3; when the externally
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input address is equal to or greater than 1024, the multiplexer
adder circuit 11 adds 1024 thereto and transfers the address to
the row control circuit 3; and the row control circuit 3 uses the
transferred address to access the block.

If Rom Fuse [3:0] = [1, 1, O, O], Layers 2, 3 are
recognized as defective, and Layers 2, 3 are logically isolated.
In this case, the multiplexer adder circuit 11 does not perform
address conversion.

If Rom Fuse [3:0] = [0, 1, 1, 1], Layers O, 1, 2 are
recognized as defective, and Layers 0, 1, 2 are logically isolated.
In this case, the multiplexer adder circuit 11 adds 3072 to an
externally input address and transfers the address to the row
control circuit 3; and the row control circuit 3 uses the
transferred address to access the block.

If Rom Fuse [3:0] = [1, O, 1, 1], Layers O, 1, 3 are
recognized as defective, and Layers 0, 1, 3 are logically isolated.
In this case, the multiplexer adder circuit 11 adds 2048 to an
externally input address and transfers the address to the row
control circuit 3; and the row control circuit 3 uses the
transferred address to access the block.

If Rom Fuse [3:0] = [1, 1, O, 1], Layers O, 2, 3 are
recognized as defective, and Layers 0, 2, 3 are logically isolated.
In this case, the multiplexer adder circuit 11 adds 1024 to an
externally input address and transfers the address to the row
control circuit 3; and the row control circuit 3 uses the
transferred address to access the block.

If Rom Fuse [3:0] = [1, 1, 1, O], Layers 1, 2, 3 are
recognized as defective, and Layers 1, 2, 3 are logically isolated.
In this case, the multiplexer adder circuit 11 does not perform
address conversion.

As described above, address conversion can be
performed on any defective pattern according to the information
of Rom Fuse [3:0] to logically isolate a defective memory cell
layer.

Next, the method of physically isolating a defective
memory cell layer will be described.
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Since a short circuit or the like occurs in a defective block -
in a defective memory cell layer, test puts unnecessary stress
on the word lines WL and the like, thereby increasing current.
Moreover, even if a block in the defective memory cell layer is
determined as a normal block at inspection, the block may
potentially be a defective block. Therefore, it is preferable to
physically isolate all the blocks in the defective memory cell
layer.

Hereinafter, a detail description will be given with
reference to Figures 6 to 8. First, physical isolation of one
block is described.

Figure 6 shows a circuit diagram of a block decoder. The
block decoder is located in the row control circuit 3, and is
provided for each block. As described above, when an address
input from the external host controller is transferred to the row
control circuit 3, a block corresponding to the address is
selected. When the block is selected, the layer selection
terminal (Layer Select) and the block selection terminal (Block
Select) are selected (Vpp). If the block indicated by the
selected address is normal, node N1 in the block decoder is
"Vpp". In this state, when the trigger terminal (Trigger) is
turned on, the transfer gate selection terminal (Transfer Gate
Select) becomes "Vpp", and the transfer gate selection terminal
"n" (Transfer Gate Select n) becomes "Vss". Then, these signals
are transferred to the circuit shown in Figure 7. Thereby, the
transfer gate section (Transfer Gate) becomes high voltage
"Veemu". AS a result, the voltage "Vpem" can be transferred to
the selection gate (SGD_mi and SGS.__mi) and the word lines WL
(WLO_mi to WL3_mi) of the selected block BLOCKmi. That is,
the circuit shown in Figure 7 operates like a local pump. Here,
"Veemn" iS greater than "Vpgu".

Next, a case in which the selected block is a defective
block is described. In this case, as described later, the
defective block set terminal (Bad Block Set) is set and the nord
N1 of Figure 6 becomes "Vs", and thus, the transfer gate
selection terminal (Transfer Gate Select) becomes "Vss", and the
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transfer gate selection terminal "n" (Transfer Gate Select n)
becomes "Vpp". Therefore, the transfer gate section (Transfer
Gate) of Figure 7 does not become high voltage "Vpeun" and no
voltage is transferred to the selection gate or the word lines WL
of the selected block.

Next, physical isolation of a defective memory cell layer
is described. The above described Rom Fuse [3:0] is used to
physically isolate all the blocks in the defective memory cell
Iayer.'

Figure 8 shows a state transition diagram of a case of
physically isolating a defective memory cell layer. The state O
(bbfset_idle) indicates an idle state. In the state 1
(bbfset_init), circuit setting and initial reset operation are
performed. Next, in the state 2 (bbfset_addset), address
setting is performed based on the information of the defective
memory cell layer of Rom Fuse [3:0]. At this time, address
setting is performed in the same manner as for the above
described address conversion by the state machine 8, and the
set address is transferred to the row control circuit 3. The
circuit performing the operation of the state 2 creates an
address and includes an adder circuit. Next, in the state 3
(bbfset_rdec), the address transferred from the state machine 8
to the row control circuit 3 is used to perform physical isolation
on the block indicated by the address. The physical isolation is
performed by setting the defective block set terminal (Bad Block
Set) of Figure 6. First, when the address is selected, the block
selection terminal (Block Select) and the layer selection terminal
(Layer Select) of the selected block are set, and the transfer
gate selection terminal (Transfer Gate Select) is set. Then, in
this state, when the defective block set terminal (Bad Block Set)
is set, the nord N1 of Figure 6 becomes "Vs", and the latch is
inverted. The subsequent operation is the same as described
above, and no voltage is transferred to the selection gate or the
word lines WL of the selected block. The physical isolation is
achieved in this manner.

The address setting in the state 2 and the physical
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isolation in the state 3 described above are repeatedly
performed on all the blocks of the defective memory cell layer.
Thereby, the defective memory cell layer can be physically
isolated in a self-test mode and in a batch. Here, "in a self-test
mode" means that the flash memory chip 20 performs the
above operation without being affected by an external control
such as the host controller 9. ,

Further, the above isolation operation is described using
examples.

For example, if Rom Fuse [3:0] = [0, 1, O, 1], Layers O,
2 need be physically isolated. Here, first, the block 0 is set by
address setting in the state 2, and then, physical isolation is
performed on the block 0 in the state 3. Subsequently,
physical isolation is performed in series by incrementing the
address by one. When physical isolation is performed on the
block 1023, namely, the last block of the Layer O, the physical
isolation for all the blocks in the Layer O is completed. Then, in
the next address setting in the state 2, the first block 2048 in
the Layer 2 is set. In the same manner, physical isolation is
performed on up to the block 3071, and the physical isolation
for all the blocks in the Layer 2 is completed. Then, the state
moves to the end of state transition, namely, the state 4
(bbfset_end), and the physical isolation operation of the
defective memory cell layer is completed.

In the same manner, physical isolation can be performed
on the other combination of defective memory cell layers.

Moreover, the block selection terminal (Block Select) and
the layer selection terminal (Layer Select) corresponding to the
defective block are configured to be able to be selected in a
batch, and then, the defective memory cell layers can be
physically isolated in a batch by setting the defective block
setting terminal (Bad Block Set).

Next, another method of physically isolating a defective
memory cell layer will be described. According to the method,
an individual memory cell layer has one layer selection terminal
(Layer Select), namely, Layer Select [3:0] and the Layer Select
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[3:0] is configured not to be set to the defective memory cell
layer. More specifically, configuration is made such that when
the value of the element corresponding to the Rom Fuse [3:0] is
1 (Fail), the value of the element corresponding to the Layer
Select [3:0] is set to 0. On the contrary, configuration is made
such that when the value of the element corresponding to the
Rom Fuse [3:0] is O (good), the value of the element
corresponding to the Layer Select [3:0] is set to 1.

A further detailed description will be given using Figure 9.
Figure 9 shows a method of generating the Layer Select [3:0]
based on the above Rom Fuse [3:0] using the multiplexer circuit
12. The multiplexer circuit 12 receives the Rom Fuse [3:0] as
an input signal, and outputs the value with the corresponding
element inverted as signals Layer Select [0] to Layer Select [3]
of the individual memory cell layers. When the Layer Select [i]
signal (i = 0 to 3) becomes 0, the layer selection terminals
(Layer Select) of all the blocks in the corresponding defective
memory cell layer becomes "Vss". As a result, the transfer gate
selection terminal (Transfer Gate Select) is not set, and thus the
defective memory cell layer is always physically isolated.

This method does not need to set the defective block
setting terminal (Bad Block Set), and thus can physically isolate
the defective memory cell layers at a higher speed and in a
batch.

Next, still another method of physically isolating a
defective memory cell layer will be described. The method
provides high voltage "Vpeun" of Figure 7 for each memory cell
layer, namely, in the form of Vpgwn [3:0], so as not to allow the
corresponding element to be set by a defective memory cell
layer. Further detail is described using Figure 10. Figure 10
shows a method of converting one Vpgwn to Veemn [i] (i = 0 to 3)
for each memory cell layer using the level shifter circuit 13.
The high voltage "Vecwy" generated by the row control circuit 3
is distributed to Veemn [3:0] by the level shifter circuits 13 which
receive Rom Fuse [3:0] as input signals. More specifically, if
the value of Rom Fuse [i] is 1 (defective memory cell layer),
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high voltage is not transferred to the corresponding Veemu [i];
and on the contrary, if the value of Rom Fuse [i] is O (normal
memory cell layer), high voltage is transferred to the

‘corresponding Vegmu [i].

Figure 11 shows an equivalent circuit of the level shifter
circuit 13 to be used at this time. The value of an input signal
Rom Fuse [i] determines whether to transfer high voltage to
Veamn [i].

The method prevents high voltage Vpgun to be transferred
to the transfer gate section (Transfer Gate) of the defective
memory cell layer and allows physical isolation to be performed.

The method eliminates the need to set the defective
block setting terminal (Bad Block Set) and can physically isolate
the defective memory cell layers at a higher speed and in a
batch.

Hereinbefore, the logical isolation method and the
physical isolation method for defective memory cell layers are
described. According to such methods, if the number of
defective blocks found in one or more memory cell layers in the
stacked memory cell array is equal to or greater than a
predetermined number, the memory cell layers can be logically
and physically isolated. Thereby, the defective memory cell
layers cannot be seen from outside and the memory cell chip
can be used as a normal one having a low capacity. In addition,
a potential defective block can be rejected by isolating the
entire layer. In this case, the memory cell chip can be used as
a normal one having a low capacity. '
(Second embodiment)

Next, a second embodiment in accordance with the
present invention will be described. One of the differences
between the first and second embodiments is that according to
the first embodiment, logical isolation (address conversion) is
performed in the flash memory chip 20, while according to the
present embodiment, logical isolation is performed by the
external host controller 9.

The detail description will be given below. According to
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the NAND flash memory device, after power is turned on, the
host controller 9 reads the set information and the like (Power
on Read). At this time, the value of the Rom Fuse [3:0] is read
to confirm which memory cell layer is defective. Then, based
on the confirmation result, control is made such that data
reading, writing, and erasing are performed only on a normal
accessible memory cell layer.

Figure 12 shows a flowchart of the above operation.

(1) Power is turned on to the NAND flash memory device
(Step S11). '

(2) Next, the host controller 9 reads the set information
and the like in the flash memory chip 20 (Step S12).

(3) Next, the host controller 9 reads the value of the Rom
Fuse [3:0] from the flash memory chip 20 (Step S13).

(4) Next, based on the value of the Rom Fuse [3:0], the
host controller 9 determines usable address (Step S14). For
example, in Step S13, the Rom Fuse [3:0] = [0, 1, 0, 1] is
assumed to be read. As described above, this value indicates
that the Layers 0, 2 are defective, and the Layers 1, 3 are
usable. Therefore, the usable blocks are the blocks 1024 to
2047 and the blocks 3072 to 4095.

The host controller 9 performs access (reading, writing,
and erasing data) to only the usable address determined in Step
S14 in the flash memory chip 20.

By doing as described above, the host controller 9 refers

. to the information of the Rom Fuse [3:0] to recognize whether

the memory cell layer is defective or normal, and can access
only the usable address in the normal memory cell layer.

Thereby, in the same manner as in the first embodiment,
a defective memory cell layer can be logically isolated without
performing address conversion in the flash memory chip 20 and
in a manner in which the user of the flash memory device
cannot recognize this operation.

Moreover, as understood from the above, the present
embodiment has an advantage in that an address converting
circuit need not be provided in the flash memory chip 20.
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The logical isolation described in the present embodiment
is performed, and further, the physical isolation described in the
first embodiment may be performed.

(Third embodiment)

Next, another logical isolation method by the host
controller will be described. One of the differences between the
present embodiment and the second embodiment is that a
defective memory cell layer can be logically isolated without a
need for the host controller to perform a specific address
processing by using a conventional host controller specification
(described later) and a fact that all the blocks in the defective
memory cell layer are physically isolated in advance.

The conventional host controller specification will be
described. Conventionally, at the time of power on, the host
controller read the information about all the blocks to recognize
a defective block. According to the conventional specification,
no voltage is transferred to the word lines WL or the selection
gates SG of the defective block; when reading is performed,
data of All "0" is read; when a block is read and the read result
is All "0", the host controller recognizes the block as a defective
block and subsequently does not access the block.

According to the present embodiment, since a defective
memory cell layer is physically isolated in advance as described
in the first embodiment, all the blocks in the defective memory
cell layer are read as All "0". Therefore, according to the
conventional specification, the host controller does not access
(that is, logically isolates) the defective memory cell layer.

Hereinafter, with reference to the flowchart of Figure 13,
a further detailed description will be given. The configuration
of the stacked memory cell array shown in Figure 2A is assumed
(total number of blocks is 4096).

(1) Power is turned on to the NAND flash memory device
(Step S21).

(2) The host controller 9 reads the set information and
the like in the flash memory chip 20 (Step S22).

(3) Set the block number j to 0 (Step S23).



WO 2009/096136 PCT/JP2008/073905

10

15

20

25

30

35

20

(4) If the block number j is equal to or less than 4095,
the process goes to Step S25, or otherwise, the operation

terminates.

(5) The host controller 9 reads all the pages of the block
(BLOCKmj) (Step S25). At this time, as described in the
physical isolation method of the first embodiment, the flash
memory chip 20 has already physically isolated all the blocks in
the defective memory cell layer according to the information of
the Rom Fuse [3:0], and thus, when a block in the defective
memory cell layer is read, data of All "0" is read.

(6) If the result read in Step S25 is other than All "0",
the process goes to Step S27; if the result is All "0", the process
goes to Step S28 (Step S26).

(7) The host controller 9 recognizes the block (BLOCKmj)
as usable, and the process goes to Step S29 (Step S27).

(8) The host controller 9 recognizes the block (BLOCKmj)
as unusable and the process goes to Step S29 (Step S28).

(9) The block number j is incremented and the process
goes to Step S24 (Step S29).

In the same manner as in the conventional operation, the
host controller 9 reads, writes, or erases the address of the
block recognized as usable and does not perform subsequent
accesses to the block recognized as unusable.

By doing as above, the host controller 9 recognizes all
the blocks in the defective memory cell layer as defective blocks
and does not access the defective mémory cell layer by using
physical isolation of the defective memory cell layer based on
the information of the Rom Fuse [3:0] performed by the flash
memory chip 20. :

For example, if the Rom Fuse [3:0] = [0, 1, O, 1], all the
blocks in the defective memory cell layers 0 and 2 are read as
All "0" in Step S25. Therefore, the host controller 9 recognizes
the blocks as defective blocks, and does not access
subsequently. As a result, the host controller 9 accesses only
the blocks in normal memory cell layers, namely, the blocks
1024 to 2047 and the blocks 3072 to 4095.
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As understood from the above description, the present
embodiment can perform logical isolation in the same manner
as in the second embodiment, without performing address
conversion in the flash memory chip 20 and in a manner in
which the user of the flash memory device cannot recognize this
operation.

This provides the flash memory chip 20 with an
advantage in that there is no need to have an address
converting circuit therein. Further, the present embodiment
has another advantage in that the host controller need not
perform a specific address processing and can use a
conventional host controller as is.

(Fourth embodiment)

, Hereinafter, a fourth embodiment will be described. The
present embodiment performs logical isolation on a defective
memory cell layer by using the host controller specification in
the same manner as in the third embodiment. One of the
differences between the present embodiment and the third
embodiment is that the present embodiment need not perform
physical isolation on the defective memory cell layer described
in the first embodiment. 4

Hereinafter, the present embodiment will be described in
detail.

The operation of the host controller 9 is the same as in
the third embodiment (see Figure 13), except the flash memory
chip 20 in accordance with the present embodiment does not
perform physical isolation on the defective memory cell layer
described in the first embodiment. Instead, in the above
described Step S25, when the host controller 9 issues a data
read request, the state machine 8 refers to the Rom Fuse [3:0]
before the address data is output to the I/O line (data
input/output line). If the request is data read to a block of the
defective memory cell layer, a latch circuit of the sense amplifier
(S/A) is controlled so as to output "0" onto the I/O line.
Thereby, in the same manner as in the third embodiment, when

‘the host controller 9 reads a block in the defective memory cell
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layer, data of All "0" is read.

With reference to Figure 15, a further detailed description
will be given. Figure 15 is a drawing showing an example of a
circuit configuration of the sense amplifier. As understood from
the Figure, the data output from the bit line (BL) passes
through the transistors 32a, 32c¢, and is fetched by the latch
circuit. Then, the state machine 8 refers to the Rom Fuse [3:0].
As a result, if the memory cell layer containing the read block is
not defective, the transistor 32d is opened and the data held in
the latch circuit is output to the I/0O line. On the contrary, if
the memory cell layer containing the read block is defective, the
transistors 32b and 32c are opened and the potential of the
input terminal of the latch circuit is raised to high voltage VDD
so as to cause the output of the latch circuit to be "O0".
Afterward, when transistor 32d is opened, "0" is output to the
I/0 line.

Here, a case will be described in which according to a
host controller specification, when the result of reading a block
is All "1", the block is recognized as a defective block. In the
same manner as before, the state machine 8 refers to the Rom
Fuse [3:0]. As a result, if the memory cell layer containing the
read block is not defective, the transistor 32d is opened and the
data held in the latch circuit is output to the I/O line. On the
contrary, if the memory cell layer containing the read block is
defective, transistor 32e of Figure 15 is opened and the
potential of the input terminal of the latch circuit is grounded so
as to cause the output of the latch circuit to be "1". Afterward,
when transistor 32d is opened, "1" is output to the I/0 line.

As understood from the above description, the present
embodiment can cause the host controller 9 to recognize all the
blocks in the defective memory cell layer as defective blocks
without performing physical isolation. Thereby, the present
embodiment can obtain the same effects as in the third
embodiment.

Hereinbefore, four embodiments have been described.

As understood from the above description, isolation of a
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defective memory cell layer in accordance with the first to
fourth embodiments is not limited to a flash memory, but can be
applied to various kinds of semiconductor memory devices, For
example, to a PCRAM (Phase Change RAM) and a ReRAM
(Resistance RAM). For a PCRAM, the memory cell array may be
one transistor/one resistor (1T/1R) or one diode/one resistor
(1D/1R).

Figure 16 shows an example of a configuration of the
ReRAM memory cell array 40. As shown in the Figure, the
memory cell of the ReRAM is configured by connecting the
non-ohmic element 41 and the variable resistance element 42 in
series. As the non-ohmic element 41, for example, various
kinds of diodes such as a PN junction diode, a PIN diode, and a
Schottky diode can be used. In addition, as the variable
resistance element 42, a material which can change the
resistance by means of voltage, current, heat, or chemical
energy can be used.

Figure 17 shows a sectional view of the ReRAM having
four memory cell arrays 40 stacked in one chip. As understood
from the Figure, each memory cell array 40 has a cross point
cell structure. More specifically, elements are arranged such
that an individual non-ohmic element 41 and an individual
variable resistance element 42 are connected in series between
an individual word line and an individual bit line. As shown in
Figure 17, each of the bit lines (BL1, BL2, BL3, and BL4) and
each of the word lines (WL1, WL2, WL3, and WL4) of the
individual layers are led out respectively. The bit lines are
connected to the sense amplifier and the word lines are
connected to the row control circuit, respectively.

It should be noted that the isolation of defective memory
cell layers in accordance with the first to fourth embodiments
described above does not depend on the method of laminating
the memory cell layers. Therefore, as the method of
laminating the memory cell layers, various methods can be
assumed (such as planar lamination, cross point lamination,
stepwise lamination, trench lamination, vertical lamination, and
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lamination against the substrate side).

Moreover, according to the methods described above,
isolation is performed in units of memory cell layers, but the
present invention is not limited to this. For example, a
sub-layer is assumed to be obtained by dividing an individual
memory cell layer into "N". It is also possible that the quality
determination is made in units of sub-layers; the quality
information is held in the Rom Fuse [4N-1:0] (for four memory
cell layers); and then, the sub-layer determined as defective is
logically and/or physically isolated by the above described
methods.

Additional advantages and modifications will readily occur
to those skilled in the art.

Therefore, the invention in its broader aspects is not
limited to the specific details and representative embodiments
shown and described herein.

Accordingly, various modifications may be made without
departing from the spirit or scope of the general inventive
concepts as defined by the appended claims and their
equivalents.
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CLAIMS

1. A semiconductor memory device comprising:

a stacked memory cell array having a laminated plurality
of memory cell layers, wherein each of the individual memory
cell layers has a plurality of blocks;

a layer quality information storing circuit which can store
layer quality information indicating whether the individual
memory cell layer is a normal memory cell layer or a defective
memory cell layer so as to identify the memory cell layer in
which the number of defective blocks found is equal to or
greater than a predetermined number as a defective memory
cell layer and the other memory cell layers as normal memory
cell layers; and

an address converting circuit in which if an externally
input address input from outside corresponds to the block in the
defective memory cell layer, the externally input address is
address-converted so as to correspond to the block in the
normal memory cell layer.

2. The semiconductor memory device according to claim 1,
further comprising switching circuits, each of which is provided
for each of the blocks, and allows or prevents a connection
between the block and a row control circuit which applies a
predetermined voltage to a word line of the block.

3. The semiconductor memory device according to claim 2,
further comprising: '

a block address generating circuit which generates a
block address of the block in the defective memory cell layer
based on the layer quality information stored in the layer quality
information storing circuit;

wherein the switching circuit prevents the connection
between the block corresponding to the block address and the
row control circuit.
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4, The semiconductor memory device according to claim 2,
further comprising:

a multiplexer circuit which generates one layer selection
signal distributed to each of the switching circuits corresponding
to each of the blocks in the memory cell layer based on the
layer quality information stored in the layer quality information
storing circuit, the layer selection signal being generated for
each of the memory cell layers, wherein the layer selection
signal is a first signal when the memory cell layer containing the
block is the normal memory cell layer, and the layer selection
signal is a second signal when the memory cell layer containing
the block is the defective memory cell layer,

wherein the switching circuit prevents the connection
between the row control circuit and the block when the layer
selection signal is the second signal.

5. The semiconductor memory device according to claim 2,
further comprising:

level shifter circuits, each of which is provided for each of
the memory cell layers, wherein a gate voltage common to a
plurality of the memory cell layers is input, the gate voltage
being required for the switching circuit to allow the connection
between the row control circuit and the block, wherein based on
the layer quality information stored in the layer quality
information storing circuit, each of the level shifter circuits
outputs the gate voltage to the switching circuit corresponding
to the block in the normal memory cell layer and does not
output the gate voltage to the switching circuit correspondving to
the block in the defective memory cell layer.

6. A semiconductor memory device comprising:
a memory chip which has:

a stacked memory cell array having a laminated
plurality of memory cell layers, wherein each of the individual
memory cell layers has a plurality of blocks; and

a layer quality information storing circuit which
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can store layer quality information indicating whether the
individual memory cell layer is a normal memory cell layer or a
defective memory cell layer so as to identify the memory cell
layer in which the number of defective blocks found is equal to
or greater than a predetermined number as a defective memory
cell layer and the other memory cell layers as normal memory
cell layers; and } .

a controller which adds a control signal and an address to
the memory chip and sends and receives data to and from the
memory chip, wherein based on the layer quality information
stored in the layer quality information storing circuit, the
controller determines whether the address to be added to the
memory chip corresponds to the normal memory cell layer or
corresponds to the defective memory cell layer, and does not
provide an access to the address which is determined to
correspond to the defective memory cell layer.

7. The semiconductor memory device according to claim 6,
further comprising switching circuits, each of which is provided
for each of the blocks, and allows or prevents a connection
between the block and a row control circuit which applies a
predetermined voltage to a word line of the block.

8. The semiconductor memory device according to claim 7,
further comprising:

a block address generating circuit which generates a
block address of the block in the defective memory cell layer
based on the layer quality information stored in the layer quality
information storing circuit;

wherein the switching circuit prevents the connection
between the block corresponding to the block address and the
row control circuit.

9. The semiconductor memory device according to claim 7,
further comprising:
a multiplexer circuit which generates one layer selection
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signal distributed to each of the switching circuits corresponding
to each of the blocks in the memory cell layer based on the
layer quality information stored in the layer quality information
storing circuit, the layer selection signal being generated for
each of the memory cell layers, wherein the layer selection
signal is a first signal when the memory cell layer containing the
block is the normal memory cell layer, and the layer selection
signal is a second signal when the memory cell layer containing
the block is the defective memory cell layer,

wherein the switching circuit prevents the connection
between the row control circuit and the block when the layer
selection signal is the second signal.

10. The semiconductor memory device according to claim 7,
further comprising:

level shifter circuits, each of which is provided for each of
the memory cell layers, wherein a gate voltage common to a
plurality of the memory cell layers is input, the gate voltage
being required for the switching circuit to allow the connection
between the row control circuit and the block, wherein based on
the layer quality information stored in the layer quality
information storing circuit, each of the level shifter circuits
outputs the gate voltage to the switching circuit corresponding
to the block in the normal memory cell layer and does not
output the gate voltage to the switching circuit corresponding to
the block in the defective memory cell layer.

11. A semiconductor memory device comprising:
a memory chip which has:

a stacked memory cell array having a laminated
plurality of memory cell layers, wherein each of the individual
memory cell layers has a plurality of blocks;

a layer quality information storing circuit which
can store layer quality information indicating whether the
individual memory cell layer is a normal memory cell layer or a
defective memory cell layer so as to identify the memory cell
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layer in which the number of defective blocks found is equal to
or greater than a predetermined number as a defective memory
cell layer and the other memory cell layers as normal memory
cell layers; and
switching circuits, each of which is provided for

each of the blocks, prevents the connection between the block
in the defective memory cell layer and the row control circuit
and allows the connection between the block in the normal
memory cell layer and the row control circuit; and

a controller which adds a control signal and an address to
the memory chip, and sends and receives data to and from the
memory chip, wherein after the switching circuits in the memory
chip prevent the connection between the block in the defective
memory cell layer and the row control circuit, the controller
reads all the memory cell layers and, based on the read result,
recognizes the defective memory cell layer, and does not
provide the subsequent access to the recognized defective
memory cell layer.

12. The semiconductor memory device according to claim 11,
wherein the memory chip further includes a block address
generating circuit which generates a block address of the block
in the defective memory cell layer based on the layer quality
information stored in the layer quality information storing
circuit;

wherein the switching circuit prevenfs the connection
between the block corresponding to the block address and the
row control circuit.

13. The semiconductor memory device according to claim 11,
wherein the memory chip further includes a multiplexer circuit
which generates one layer selection signal distributed to each of
the switching circuits corresponding to each of the blocks in the
memory cell layer based on the layer quality information stored
in the layer quality information storing circuit, the layer
selection signal being generated for each of the memory cell
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layers, wherein the layer selection signal is a first signal when
the memory cell layer containing the block is the normal
memory cell layer, and the layer selection signal is a second
signal when the memory cell layer containing the block is the
defective memory cell layer,

wherein the switching circuit prevents the connection
between the row control circuit and the block when the layer
selection signal is the second signal.

14. The semiconductor memory device according to claim 11,
wherein the memory chip further includes level shifter circuits,
each of which is-provided for each of the memory cell layers,
wherein a gate voltage common to a plurality of the memory
cell layers is input, the gate voltage being required for the
switching circuit to allow the connection between the row
control circuit and the block, wherein based on the layer quality
information stored in the layer quality information storing circuit,
each of the level shifter circuits outputs the gate voltage to the
switching circuit corresponding to the block in the normal
memory cell layer and does not output the gate voltage to the
switching circuit corresponding to the block in the defective
memory cell layer.

15. A semiconductor memory device comprising:
a memory chip which has:

a stacked memory cell array having a laminated
plurality of memory cell layers, wherein each of the individual
memory cell layers has a plurality of blocks;

a layer quality information storing circuit which
can store layer quality information indicating whether the
individual memory cell layer is a normal memory cell layer or a
defective memory cell layer so as to identify the memory cell
layer in which the number of defective blocks found is equal to
or greater than a predetermined number as a defective memory
cell layer and the other memory cell layers as normal memory
cell layers;
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a sense amplifier circuit having a latch circuit for
holding data output from a bit line before the data is output to a
data input/output line; and
' a state machine which refers to the layer quality
information storing circuit, and if the data is read from the block
in the normal memory cell layer, outputs the first data or the
second data held in the latch circuit to the data input/output
line, while if the data is read from the block in the defective
mémory cell layer, outputs the first data to the data
input/output line by controlling the latch circuit; and
a controller which adds a control signal and an address to
the mem'ory chip and sends and receive data to and from the
memory chip, wherein the controller reads all the memory cell
layers, and if all the data read from the block through the data
input/output line is the first data, the controller recognizes the
block as a defective block and does not provide the subsequent
access to the recognized defective block.

16. The semiconductor memory device according to any one
of claims 1 to 15, wherein memory cells in the individual
memory cell layer are non-volatile MOS transistors.

17. The semiconductor memory device according to any one
of claims 1 to 15, wherein each of the memory cells in the
individual memory cell layers is configured by connecting a
non-ohmic element and a variable resistance element in series.

18. The semiconductor memory device according to claim 17,'
wherein the stacked memory cell array is configured by
laminating a plurality of the memory cell layers in a cross point
structure.
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