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A semiconductor memory device includes: a plurality of 
memory cell regions, each comprising at least one memory 
cell; a non-volatile memory section Which accepts external 
Writing; and unselecting means for designating at least one 
of the plurality of memory cell regions to be inaccessible 
based on data Written to the non-volatile memory section. At 
least one operation type is performed for at least one 
accessible memory cell region, Which is not designated to be 
inaccessible, among the plurality of memory cell regions. 
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SEMICONDUCTOR MEMORY DEVICE AND 
RESTORATION METHOD THEREFOR 

BACKGROUND OF THE INVENTION 

[0001] 1. Field of the Invention 

[0002] The present invention relates to a semiconductor 
memory device, such as a non-volatile semiconductor 
memory device, e.g., a ?ash memory, an FRAM (a type of 
a ferroelectric memory device) and an MRAM (a type of a 
magnetic memory device), or a volatile semiconductor 
memory device Which includes a non-volatile memory 
region; and a method for restoring such a semiconductor 
memory device having any defective memory cells. 

[0003] 2. Description of the Related Art 

[0004] Unlike volatile memories such as DRAMs 
(dynamic random access memories) and SRAMs (static 
random access memories), Whose data Will be reset When the 
poWer supply to the memory devices is stopped, non-volatile 
semiconductor memory devices (Which may simply be 
referred to as “non-volatile memories”) can retain data in 
memory cells thereof even after the poWer supply thereto is 
stopped. Examples of non-volatile memories include ?ash 
memories (Which are in Wide use, e.g., in cellular phones), 
FRAMs (Which are used in IC cards, etc.), and MRAMs 
Which are under vigorous development. The description in 
the present speci?cation Will chie?y deal With ?ash memo 
ries as exemplary non-volatile memories. 

[0005] In general, semiconductor memory devices are 
produced through a minute ?ne semiconductor process. 
Therefore, there may alWays be a certain percentage of 
defective memory cells included in semiconductor memory 
devices. Therefore, it has been conventional practice to 
provide a number of extra or reserve memory cells in the 
semiconductor memory device, in addition to the regular 
memory cells, and replace defective memory cells With such 
reserve memory cells. Thus, the semiconductor memory 
device including defective memory cells, Which Would 
otherWise have been discarded, can be “restored”. 

[0006] HoWever, in order to avoid increase in the chip 
siZe, there can only be so many reserve memory cells 
provided in a semiconductor memory device. Hence, under 
circumstances Where only a small resource can be allocated 
for the reserve memory cells, any chips Which cannot be 
restored even by using reserve memory cells must be 
discarded as defective chips. 

[0007] Several methods have been proposed to enable 
restoration of those chips Which cannot be restored by the 
use of reserve memory cells. According to such methods, 
those chips Which Would otherWise be discarded as defective 
chips are relabeled as smaller-capacity semiconductor 
memory devices, in Which any defective memory cell 
regions are prevented from being accessed. 

[0008] For example, in the ?eld of volatile memories, 
Japanese Laid-Open Patent Publication No. 11-162193 pro 
poses a method Which involves selecting only normal 
memory cell blocks by cutting a fuse With a laser means or 
the like. In the ?eld of non-volatile memories, Japanese 
Laid-Open Patent Publication No. 9-7390 proposes a 
method Which involves storing any cell information to be 
relocated in a non-volatile memory cell Which is separately 
prepared in addition to regular memory cells, and selecting 
only the normal memory cell blocks. 
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[0009] HoWever, the aforementioned conventional meth 
ods for restoring a semiconductor memory device including 
defective memory cells amount to, at best, simply “unse 
lecting” a given address so as to convert What Was originally 
an X Mbit capacity to a much reduced capacity of "/2 Mbits 
or "/2D Mbits (Where n=a positive integer). Therefore, even if 
one defective memory cell is contained in the entire semi 
conductor memory device, the overall capacity of the semi 
conductor memory device is reduced to 1/2, 1A1, 1/8, etc., 
thereby Wasting a large number of normally-functioning 
memory cells. 

[0010] Moreover, the aforementioned conventional meth 
ods cannot be employed to restore semiconductor memory 
devices having a multi-block con?guration, in Which a 
plurality of blocks having different capacities are provided 
Within the semiconductor memory device, or a bank con 
?guration (Which has gradually been becoming a main 
stream in ?ash memories in recent years), Which alloWs a 
read operation to be performed during a program or erase 
operation. 

[0011] Furthermore, With any of the aforementioned con 
ventional methods, a semiconductor memory device includ 
ing a defective memory cell cannot be restored in such a 
manner as to alloW defective memory cell regions to accept 
only limited types of operations Which are determined in 
accordance With the defect mode. 

SUMMARY OF THE INVENTION 

[0012] According to one aspect of the present invention, 
there is provided a semiconductor memory device including: 
a plurality of memory cell regions, each including at least 
one memory cell; a non-volatile memory section Which 
accepts external Writing; and unselecting means for desig 
nating at least one of the plurality of memory cell regions to 
be inaccessible based on data Written to the non-volatile 
memory section, Wherein at least one operation type is 
performed for at least one accessible memory cell region, 
Which is not designated to be inaccessible, among the 
plurality of memory cell regions. 

[0013] In one embodiment of the invention, the semicon 
ductor memory device further includes address conversion 
means for assigning a consecutive sequence of external 
addresses to the at least one accessible memory cell region. 

[0014] In another embodiment of the invention, if an 
internal address Which is generated by adding a predeter 
mined value to an external address coincides With an exist 
ing internal address When assigning the consecutive 
sequence of external addresses to the at least one accessible 
memory cell region, one of the plurality of memory cell 
regions corresponding to the generated internal address is 
designated to be inaccessible. 

[0015] In still another embodiment of the invention, based 
on the data Written to the non-volatile memory section, the 
unselecting means designates at least one of the plurality of 
memory cell regions to be inaccessible to one operation type 
among the at least one operation type, and yet accessible to 
the other operation types among the at least one operation 
type. 

[0016] In still another embodiment of the invention, the 
semiconductor memory device includes a plurality of 
memory cell blocks capable of accepting a block erase 
operation, and When designating at least one of the plurality 
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of memory cell regions to be inaccessible based on the data 
Written to the non-volatile memory section, the unselecting 
means designates at least one of the plurality of memory cell 
blocks to be inaccessible. 

[0017] In still another embodiment of the invention, the 
plurality of memory cell blocks includes at least one 
memory cell block having a different capacity. 

[0018] In still another embodiment of the invention, the 
semiconductor memory device includes a plurality of banks, 
each including the plurality of memory cell blocks, such that 
the plurality of memory cell blocks are capable of dual Work 
operation, and, When designating at least one of the plurality 
of memory cell regions to be inaccessible based on the data 
Written to the non-volatile memory section, the unselecting 
means designates at least one of the plurality of banks to be 
inaccessible. 

[0019] In still another embodiment of the invention, at 
least one of the plurality of banks includes at least one 
memory cell block having a different capacity. 

[0020] In still another embodiment of the invention, the 
address conversion means is capable of changing an address 
position of the at least one memory cell block having the 
different capacity. 

[0021] In still another embodiment of the invention, the 
non-volatile memory section is provided in a portion of a 
non-volatile memory cell Which is capable of programming 
at once. 

[0022] According to another aspect of the present inven 
tion, there is provided a method for restoring the aforemen 
tioned semiconductor memory device When the semicon 
ductor memory device includes a defective memory cell, 
including the steps of: storing an address of the defective 
memory cell in the non-volatile memory section; and des 
ignating, by means of the unselecting means, one of the 
plurality of memory cell regions that includes the defective 
memory cell to be inaccessible, based on the data Written to 
the non-volatile memory section. 

[0023] In one embodiment of the invention, the method 
further includes the step of: designating, by means of the 
unselecting means, one of the plurality of memory cell 
regions that includes the defective memory cell to be inac 
cessible only to an operation type Which causes an error, 
based on the data Written to the non-volatile memory sec 
tion. 

[0024] Thus, the invention described herein makes pos 
sible the advantages of: (1) providing a semiconductor 
memory device and a method for restoring the same, such 
that a memory containing a defective memory cell can be 
?exibly restored as a memory having a capacity Which is 
reduced from the original capacity, the reduction in capacity 
being in accordance With the number of defective memory 
cells; and (2) providing a semiconductor memory device and 
a method for restoring the same, such that a defective 
memory cell contained in a memory can be alloWed to 
accept, in the same manner as normally-functioning memory 
cell regions, only limited types of operations Which are 
determined in accordance With a defect mode. 

[0025] These and other advantages of the present inven 
tion Will become apparent to those skilled in the art upon 
reading and understanding the folloWing detailed descrip 
tion With reference to the accompanying ?gures. 
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BRIEF DESCRIPTION OF THE DRAWINGS 

[0026] FIG. 1 is a block structure diagram of 32 Mbit ?ash 
memories of a type having tWo dual-Work banks, and hoW 
such ?ash memories can be restored by a method according 
to an eXample of the present invention; (a-1) shoWs a ?ash 
memory having a defective bit in the right large bank, 
restorable as shoWn in (a-2); (b-1) shoWs a ?ash memory 
having a defective bit in the left large bank, restorable as 
shoWn in (b-2); and (c-1) shoWs a ?ash memory having a 
defective bit astride the left large bank and the small bank, 
restorable as shoWn in (a-2). 

[0027] FIG. 2 is a block structure diagram of 32 Mbit ?ash 
memories of a type having tWo dual-Work banks, and hoW 
such ?ash memories can be restored by a method according 
to an eXample of the present invention ((a-1) and (a-2)), or 
by a conventional method ((b-1) and (b-2)). 

[0028] FIG. 3 is an address map shoWing a block structure 
of an 8 Mbit ?ash memory as applied to a method according 
to an eXample of the present invention. 

[0029] FIG. 4A is an address map shoWing a block 
structure of an 8 Mbit ?ash memory all of Whose blocks are 
normally-functioning. 

[0030] FIG. 4B is an address map shoWing a block 
structure of an 8 Mbit ?ash memory including a bit defective 
in one block, and hoW the memory is restorable by a method 
according to an eXample of the present invention. 

[0031] FIG. 5 is an address map shoWing a block structure 
of an 8 Mbit ?ash memory including defective bits in tWo 
blocks, and hoW the memory is restorable by a method 
according to an eXample of the present invention. 

[0032] FIG. 6A is an address map shoWing a block 
structure of an 8 Mbit ?ash memory, including a plurality of 
blocks having different capacities, Where all of the blocks 
are normally-functioning. 

[0033] FIG. 6B is an address map shoWing a block 
structure of an 8 Mbit ?ash memory, including a bit defec 
tive in one block, and hoW the memory is restorable by a 
method according to an eXample of the present invention. 

[0034] FIG. 7 is an address map shoWing a block structure 
of an 8 Mbit ?ash memory, including a plurality of nor 
mally-functioning blocks having different capacities, Where 
the smaller capacity blocks reside at the smaller addresses. 

[0035] FIG. 8 is an address map shoWing a block structure 
of an 8 Mbit ?ash memory, including a plurality of blocks 
having different capacities, Where one of the smaller capac 
ity blocks residing at the smaller addresses includes a 
defective bit. This ?gure shoWs hoW the memory is restor 
able by a method according to an eXample of the present 
invention so as to obtain a consecutive transition in the 
addresses at the boundary from the smaller capacity blocks 
to the larger capacity blocks. 

[0036] FIG. 9 is an address map shoWing a block structure 
of an 8 Mbit ?ash memory, including a plurality of blocks 
having different capacities, Where one of the smaller capac 
ity blocks residing at the smaller addresses includes a 
defective bit. This ?gure shoWs hoW the memory is restor 
able by a method according to an eXample of the present 
invention so as to obtain a non-consecutive transition in the 
addresses at the boundary from the smaller capacity blocks 
to the larger capacity blocks. 
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[0037] FIG. 10A is a block structure diagram of a nor 
mally-functioning 8 Mbit ?ash memory of a type having tWo 
dual-Work banks. 

[0038] FIG. 10B is a block structure diagram of an 8 Mbit 
?ash memory of a type having tWo dual-Work banks, and 
hoW the respective banks can be restored by a method 
according to an example of the present invention. 

[0039] FIG. 11 is a circuit diagram shoWing a CAM 
circuit for use in the present invention. 

[0040] FIG. 12 is a block diagram illustrating a How of 
addresses in a semiconductor memory device according to 
the present invention. 

[0041] FIG. 13 is a schematic circuit diagram illustrating 
a non-volatile semiconductor memory device according to 
an example of the present invention. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

[0042] Hereinafter, the functions of the present invention 
Will be described. 

[0043] A semiconductor memory device according to the 
present invention generally includes: a memory cell section 
having a plurality of memory cells; and a non-volatile 
memory section Which accepts external Writing. The 
memory cell section can be divided into a number of 
memory cell regions. As used herein, a “memory cell 
region” may include one or more memory cells, thus cor 
responding to a so-called “block”, “bank”, or any smaller 
units of memory cells. 

[0044] According to the present invention, an address 
representing a defective memory cell (or a “defective bit”) 
is stored in the non-volatile memory section. Based on the 
address data stored in the non-volatile memory section, any 
memory cell region Which contains one or more defective 
memory cells can be designated to be inaccessible, While the 
other memory region is left accessible. Accordingly, in the 
case Where a memory cell region includes defective bits (i.e., 
defective memory cells), such that all of the defective bits 
cannot be replaced by reserve memory cells available Within 
the semiconductor memory device, the entire memory cell 
region containing such defective bits is designated to be 
inaccessible (i.e., inactive). Thus, the resultant semiconduc 
tor memory device Will have a capacity Which is reduced 
from the original capacity by an amount corresponding to 
the defective memory cell regions (defective blocks, defec 
tive banks, etc.), thereby making the most use of the 
normally-functioning bits (i.e., normally-functioning 
memory cells). 

[0045] Furthermore, according to the present invention, it 
is possible to assign a consecutive sequence of external 
addresses to an accessible memory cell region. As a result, 
even in the case Where defective bits are present in discrete 
memory cell regions, it is still possible, after such memory 
cell regions are inactivated (i.e., rendered inaccessible), to 
access the semiconductor memory device by using a con 
secutive sequence of external addresses. 

[0046] If an internal address Which is generated by adding 
a predetermined value to an external address happens to be 
identical to another internal address, a region Which is 
represented by that internal address can be designated to be 
inaccessible. Thus, it is possible to detect if external 
addresses Will over?oW (outnumber) internal addresses. 
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[0047] Furthermore, it is possible to designate a memory 
cell region to be inaccessible on an operation-by-operation 
basis. Speci?cally, a memory cell region may be rendered 
inaccessible to selected operations among various types of 
operations (e.g., read, program, and erase), While the same 
memory cell region is still left accessible to the other types 
of operations, such a selection being made in accordance 
With the nature of the defect (referred to as “defect mode”). 
For example, a block containing defective memory cells 
shoWing a defect mode such that erasure cannot be properly 
done, then such a block may be designated to be accessible 
to any operations but an erase operation. As a result, it 
becomes possible to utiliZe this block as an OTP (One Time 
Program) region. 

[0048] The semiconductor memory device (memory) 
according to the present invention includes a non-volatile 
memory section Which accepts external Writing. The non 
volatile memory section is used for storing an address(s) 
representing a defective bit or memory cell(s). 

[0049] A decoder circuit may be employed Which 
includes, for example, a plurality of CAM (Content Addres 
sable Memory) circuits, each CAM (Content Addressable 
Memory) circuit corresponding to an associated block 
Within the memory, and Which determines a block that 
corresponds to a given input address to ensure that a “1” 
signal Will be output to only the matched block(s). Such a 
decoder circuit may be employed for determining Which 
block includes defective addresses during an initial opera 
tion test for the semiconductor memory device (chip). Spe 
ci?cally, the CAM circuits are arranged in such a manner 
that CAM data “0” Will be output for any blocks including 
no defective bits, and that CAM data “1” Will be output for 
any blocks including a defective bit(s). Thus, a block can be 
determined as defective if the decoder circuit output and the 
CAM data output for that block are identical (i.e., “1”). In 
order to render such a defective block inaccessible or 
“unselected”, a block selection signal is not enabled, or a 
separately-prepared non-selection signal may be enabled. 
This function can be realiZed by using a simple NAND gate 
structure or the like. 

[0050] Another feature made possible by the present 
invention is the consecutive assignment of external 
addresses to internal addresses on a block-by-block basis. 
This feature can be realiZed by routing any external address 
that corresponds to an inaccessible block to an adder circuit, 
Where the external is incremented by “1” to give a corre 
sponding internal address so that a next block is selected in 
response to the external address. If the next block includes 
a defective address (i.e., that block is also inaccessible), “2” 
must instead be added to the external address, and so forth. 
Thus, by preparing information (e.g., a table) of numerical 
values by Which an external address is to be incremented, it 
is possible to internally designate any blocks to be inacces 
sible While maintaining a consecutive sequence of external 
addresses. Such information can be knoWn in advance, e.g., 
during the aforementioned initial operation test for the chip. 
If the maximum incremental value is “8”, Which corre 
sponds to “1000” in binary expression, CAM circuitry 
corresponding to four bits is required in order to store the 
information concerning such incremental values. 

[0051] FIG. 11 shoWs a CAM circuit (corresponding to 
one bit) in an embodiment Where a cell structure similar to 
that of a ?ash memory are employed for the non-volatile 
memory section. The CAM circuit includes a pair of series 
circuits coupled betWeen a source level VCC and a ground 
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level. Each series circuit includes a p-channel MOSFET 
(metal oxide semiconductor ?eld effect transistor) 95, an 
n-channel MOSFET 96, and a ?ash memory cell transistor 
97. A gate of each MOSFET 95 is coupled to a drain of the 
other MOSFET 95. A bias voltage of about 2 V is applied to 
gates of the MOSFETs 96. A number of such non-volatile 
CAM circuits, corresponding to a number of bits (i.e., 
memory cells) in the semiconductor memory device, are 
provided. In accordance With this CAM circuit, it is possible 
to store non-volatile CAM data (corresponding to 1 bit) in 
the cell transistors 97, by applying a high voltage Vpp (e.g., 
12 V) to control gates of the cell transistors 97 and by 
supplying a complementary pair of program voltages, one of 
Which is 7 V and the other is 0 V, from a CAM programming 
circuit 9 to drains of the cell transistors 97. By applying the 
voltage Vcc to the control gates of the cell transistors 97, it 
is possible to read the source potential of one of the 
MOSFETs 95 as CAM data (corresponding to 1 bit) via an 
inverter 99, Where the source potential of one of the MOS 
FETs 95 may be either the source level Vcc or the ground 
level in accordance With the stored content. The CAM data 
Which has thus been read can be used to control a sWitching 
circuit. 

[0052] The semiconductor memory device of the present 
invention includes an unselecting means for designating a 
memory region(s) including any defective memory cells to 
be inaccessible based on the data stored in the non-volatile 
memory section, While leaving the other regions accessible. 
Furthermore, it is possible to render such a memory region 
inaccessible to selected operations among various types of 
operations (e.g., read, program, and erase), While the same 
memory cell region is still left accessible to the other types 
of operations, such a selection being made in accordance 
With the defect mode. 

[0053] For example, a CAM region may be prepared for 
each block for determining if that block is defective With 
respect to erase, program, or read operations. Suppose a 
block is accessible to program or read operations and only 
inaccessible to erase operations. Then, it is ensured that “1” 
Will be output as CAM data associated With erase operations, 
Whereas “0” Will be output as CAM data associated With 
program or read operations, to Which the block is still 
accessible. Generally, read operations and program opera 
tions for a ?ash memory are controlled by commands. 
Accordingly, an erase operation may be begun by inputting 
an erase command along With an address pointing to a block 
for Which the erase operation is intended. If the input address 
points to a block Which is accessible to erase operations, 
then an erase operation for that block is enabled. If the input 
address points to a block Which is inaccessible to erase 
operations, then erase operations for that block are disabled. 

[0054] Furthermore, by using an address conversion 
means, it is possible to assign a consecutive sequence of 
external addresses to internal addresses of normally-func 
tioning memory cell regions. The address conversion means 
can be realiZed by an adder circuit Which is described later. 

[0055] FIG. 12 is a block diagram illustrating a ?oW of 
addresses in the semiconductor memory device according to 
the present invention. 

[0056] An external address is input via an input pad 1. In 
the case of a read operation, the address is transferred, via a 
multiplexer 2, as a signal to the subsequent stages. In the 
case of a program or erase operation, a command and 
address are input, in response to Which an internal CPU 
(central processing unit; not shoWn) determines What opera 
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tion is to be carried out. Then, an address Which Was latched 
at the time of receiving a command is issued, or an address 
determined by the CPU is generated. In a ?ash memory, such 
operation is generally realiZed by a control circuit Which is 
generally called a Write state machine. In the case of a 
program operation or an erase operation, an address thus 
generated in an address generation circuit 8 is transferred to 
the subsequent stages via the multiplexer 2. 

[0057] The signal Which is transferred via the multiplexer 
2 is divided into a signal Which is input to a block address 
selection circuit (decoder) 3 for determining Which block the 
address belongs to, and a signal Which is input to the adder 
circuit 5. If it is knoWn from the previously-Written CAM 
information that no defective blocks are present, then the 
signal Which is input to the adder circuit 5 is passed, Without 
being subjected to an incremental process, to a decoder 6 for 
selecting a memory cell, the corresponding memory cell is 
selected. If it is knoWn from the previously-Written CAM 
information that a defective block is present, an enable 
signal for enabling the adder circuit 5 and an incremental 
value, Which are generated in an adder-circuit enable signal/ 
incremental value generation circuit (hereinafter referred to 
as an “AES/IV generation circuit”), are supplied to the adder 
circuit 5. The adder circuit 5 sums the external address 9 and 
the incremental value, thereby generating an internal address 
10. The internal address 10 is output from the adder circuit 
5 to the memory cell array 7. 

[0058] As described above, the address conversion means 
for converting an external address to an internal address can 
be realiZed by adapting the adder circuit 5 so as to operate 
only When the enable signal therefor is active. Alternatively, 
Without even employing an enable signal, an external 
address may be selectively converted into an internal 
address as folloWs: When an external address is not to be 
converted, “0” may be used as an incremental value so that 
the internal address becomes identical With the external 
address (external address+“0”=internal address); otherWise 
a non-Zero incremental value may be used to convert an 
external address into an internal address (external address+ 
non-Zero incremental value=internal address). Thus, the 
enable signal for the adder circuit may be omitted. 

[0059] Furthermore, in the case Where the external 
addresses over?oW internal addresses after the incremental 
process performed by the adder circuit 5, as indicated by the 
generated internal address being identical to another internal 
address, an over?oW detection circuit may generate an error 
(or an over?oW detection signal), so as to prevent a corre 
sponding memory cell in the memory cell array 7 from being 
selected. 

[0060] In accordance With the semiconductor memory 
device of the present invention having the above structure, 
even if some defective bits (defective memory cells) are 
included, the semiconductor memory device can be utiliZed 
as a memory With a someWhat reduced capacity, With a 
minimum decrease in capacity. Thus, the normally-function 
ing bits left in the semiconductor memory device are taken 
full advantage of. Even if defective bits are present in 
discrete memory cell regions, a consecutive sequence of 
addresses appears to exist to any external devices that may 
be coupled to the semiconductor memory device, so that a 
normal access scheme can be used to access the semicon 
ductor memory device according to the present invention. 

[0061] Hereinafter, the present invention Will be described 
by Way of illustrative examples, With reference to the 
accompanying ?gures. 
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EXAMPLE 1 

[0062] As Example 1 of the present invention, a 32 Mbit 
?ash memory of a block con?guration shoWn in FIG. 1. The 
illustrated ?ash memory is of a type Which has gradually 
been becoming a mainstream in the ?eld of ?ash memories 
in recent years, in Which multiple banks are provided so as 
to be capable of simultaneous operation With one another 
(hereinafter such operation may be referred to as “dual Work 
operation”). 
[0063] A ?ash memory having multiple banks provides 
the advantage of simultaneous operation betWeen the respec 
tive banks. Since a ?ash memory typically requires a much 
longer time for an erase or program operation than a read 
operation, the multiple bank con?guration, in Which an erase 
or program operation may be performed to one bank While 
a read operation is performed to another bank, is gaining 
popularity. 

[0064] The semiconductor memory device according to 
the present example of the invention is a 32 Mbit ?ash 
memory Which includes a 12 Mbit large bank, a 4 Mbit small 
bank, and a 16 Mbit large bank. The 12 Mbit large bank and 
the 4 Mbit small bank together compose a left array (16 
Mbits), Whereas the 16 Mbit large bank composes a right 
array (16 Mbits). In such a ?ash memory, it is possible to 
perform different operations to the large banks and the small 
bank. For example, a read operation may be performed to the 
small bank While performing a program operation to the 
large banks. 

[0065] Conventionally, there has been limited recourse for 
restoring a memory having multiple banks. 

[0066] Hereinafter, it Will be illustrated hoW various meth 
ods for restoring a multi-bank memory capable of dual Work 
operation are possible according to the present invention. 
Although the folloWing description primarily illustrates a 
method for reviving a 32 Mbit memory as a 16 Mbit 
memory, it is also possible to restore such a memory in 
smaller units, e.g., on a block-by-block basis, as described 
later. 

[0067] Herein, it is assumed that the ?ash memory has an 
address structure consisting of a 6 bit block address, a 11 bit 
roW address, and a 4 bit column address (totaling 21 bits), 
and that 16 bits of data can be input to or output from the 
?ash memory at one time. The most signi?cant bit of the 
block address is used to sWitch betWeen the right and left 16 
Mbit arrays. The other bits of the block address are used to 
select Which block in the respective array. 

[0068] If a defective bit is included in one of the large 
banks of this ?ash memory, it is necessary to leave at least 
one large bank as a normally-functioning region, in order to 
restore the ?ash memory as a normally-functioning 16 Mbit 
memory Which is capable of dual Work operation. 

[0069] According to the present invention, if the right 
large bank includes a defective bit as shoWn in (a-1) of FIG. 
1, the left large bank can be used as a normally-functioning 
region. 

[0070] During an initial operation test, the locations of any 
defective addresses are con?rmed, and CAM circuits are 
programmed With CAM data as necessary. If a block address 
pointing to the right large bank is input, the input buffer for 
the most signi?cant bit is ?xed based on the CAM data. As 
a result, only addresses pointing to the left large bank Will be 
passed as internal addresses. 
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[0071] For example, as shoWn in (a-2) of FIG. 1, the most 
signi?cant bit (A20) may be ?xed to “H”, thereby designat 
ing the right large bank to be an invalid region. As a result, 
a total of 16 Mbits, i.e., the left 12 Mbit large bank and the 
4 Mbit small bank, can be saved. 

[0072] In another case, Where the left large bank includes 
a defective bit as shoWn in (b-1) of FIG. 1, the address may 
be sWitched to an address pointing to the right large bank 
only in response to a block address pointing to the left large 
bank. 

[0073] In this case, the address for the small bank remains 
unchanged. Therefore, rather than ?xing the input alto 
gether, the most signi?cant bit of the address needs to be 
changed only When an input (external) address points to the 
left large bank. For example, an input address and CAM data 
may be input to an XOR (exclusive OR) circuit having tWo 
inputs. The input address may be output as the internal 
address if the CAM data indicates “L”, or a signal obtained 
by inverting the address data may be output as the internal 
address if the CAM data indicates “H”. Since the determi 
nation as to Whether an input address points to a large bank 
or a small bank can be easily made based on the block 
address, a circuit for determining a bank may be provided in 
the semiconductor memory device according to the present 
invention. 

[0074] For example, as shoWn in (b-2) of FIG. 1, sWitch 
ing of a Z address may be programmed in the CAM circuits, 
so that the left large bank is sWitched or replaced With 12 
Mbits of the right large bank. In addition, the most signi? 
cant bit (A20) may be ?xed to “H”, and 4 Mbits in the right 
large bank may be designated as an invalid region based on 
CAM programming. Thus, a total of 16 Mbits, i.e., 12 Mbit 
in the right large bank and the 4 Mbit small bank, can be 
secured. 

[0075] In this case, the loWer 4 Mbits in the right large 
bank is regarded as a defective region. This region can be 
revived by employing an adder circuit in the manner 
described in Example 2 beloW. 

[0076] In yet another case, Where a defective region is 
present so as to be astride the left large bank and the small 
bank, as shoWn in (c-1) of FIG. 1, the semiconductor 
memory device can be still restored as a normally-function 
ing 16 Mbit memory. 

[0077] In this case, the input buffer for the most signi?cant 
bit of the block address may be ?xed based on CAM data, 
so that if any address pointing to a region in the left side is 
input, that address may be converted to an internal address 
pointing to the right region. 

[0078] For example, as shoWn in (c-2) of FIG. 1, the most 
signi?cant bit (A20) of the block address may be ?xed to 
“L”, so as to designate the left region as an invalid region, 
leaving only the 16 Mbit right large bank to be viable. 

[0079] Thus, according to the present example of the 
invention, a multi-bank ?ash memory capable of dual Work 
operation Which includes a defective memory cell can be 
restored as a normally-functioning memory. 

[0080] In contrast, conventional methods do not support 
restoration of a multi-bank ?ash memory capable of dual 
Work operation. For example, a block of 12 Mbits, Which is 
not a value of 2 raised to the nth poWer (Where n is any 
integer), cannot be restored by conventional methods. 
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[0081] Furthermore, even in the case of semiconductor 
memory devices not capable of dual Work operation, such 
memories can only be restored up to a 1/2“ capacity accord 
ing to conventional methods. The restorable capacity 
varies depending on the position of the defective bit, too. 
Therefore, blocks which are actually normally-function 
ing may not be restorable in some cases. 

[0082] For example, as shoWn in (b-1) of FIG. 2, if 
defective bits are present in three blocks of a 32 Mbit ?ash 
memory, conventional methods can only restore a normally 
functioning region up to 8 Mbits, as shoWn in (b-2) of FIG. 
2. 

[0083] On the other hand, according to the present inven 
tion, any normally-functioning region can be restored, 
thereby providing a ?exible restoration means. For example, 
a ?ash memory having a block con?guration can be ?exibly 
restored on a block-by-block basis. In this case, data con 
cerning the defective blocks may be Written in CAM data, 
and if an input address points to those regions, the address 
may be masked in such a manner that such regions are not 
selected. 

[0084] For example, as shoWn in (a-1) of FIG. 2, if 
defective bits are present in three blocks of a (4 Mbit+28 
Mbit) ?ash memory in Which each block has 512 Kbit 
capacity, up to a 30.5 Mbit normally-functioning region 
(26.5 Mbits [=28 Mbit large bank-3x05 Mbits]+4 Mbit 
small bank) can be restored, as shoWn in (a-2) of FIG. 2. 

[0085] This principle Will be described in more detail in 
Example 2 beloW. 

EXAMPLE 2 

[0086] According to the present example of the invention, 
an 8 Mbit (16 bit I/O) ?ash memory having an address map 
as shoWn in FIG. 3 Will be illustrated. 

[0087] In general, addresses can generally be classi?ed 
into three types: a roW address (X address) for decoding a 
Word line; a column address for decoding a bit line (Y 
address); and a block address for decoding a block (Z 
address). 
[0088] The present example illustrates the case Where the 
roW address consists of 11 bits; the column address consists 
of 4 bits; and the block address consists of 19 bits. 

[0089] It is assumed that the memory cells in the ?ash 
memory are arranged in a matrix con?guration, With a 
plurality of Word lines being provided in a roW direction and 
a plurality of bit lines being provided in a column direction. 
The Word lines associated With the memory cells are coupled 
to an X decoder (local X decoder), Which is dedicated to 
each block. The Word lines in each block are selected based 
on a combination of a roW address and a block address in a 
block-by-block manner. Similarly, a Y decoder for column 
addresses and a Z decoder for block addresses are provided. 
Sixteen bits are used per instance of input/output. 

[0090] FIG. 13 is a schematic circuit diagram illustrating 
a non-volatile semiconductor memory device (block erase 
type one chip ?ash memory) according to the present 
example of the invention. 

[0091] A plurality of ?oating gate-type MOSs (metal 
oxide semiconductor) transistors are employed as non-vola 
tile memory transistors. Each ?oating gate-type MOS has a 
?oating gate. A Writing operation thereto is performed via 
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channel hot electron injection. An erase operation thereto is 
performed via tunnel erasure using a FoWler-Nordheim 
current. 

[0092] In the non-volatile semiconductor memory device 
shoWn in FIG. 13, the plurality of ?oating gate-type MOS 
transistors are arranged in a matrix con?guration. Control 
gates of the transistors in the same roW are coupled in 
common to a Word line. Drains of the transistors in the same 
column are coupled in common to a bit line. Sources of all 
of the transistors in the matrix are coupled to a common 
source. 

[0093] The non-volatile semiconductor memory device 
includes memory cell array blocks MAl, MA2, . . . , and Mak 
(Where k is a positive integer). Each memory cell array block 
MAl, MA2, . . . , or Mak includes a roW decoder XDl, XD2, 

. . . , or XDk, and a column decoder YDl, YD2, . . . , or YDk, 

respectively. Each roW decoder XDl, XD2, . . . , or XDk, 
outputs a predetermined Word line selection signal in accor 
dance With a signal value of a roW selection signal portion 
of an input address signal at the time of a data program or 
data read. The outputs of the roW decoder XDl, XD2, . . . , 

or XDk are coupled to the Word lines of each memory cell 
array block. In accordance With a signal value of a column 
selection signal portion of the input address signal, the 
column decoder YDl, YD2, . . . , or YDk couples a selected 

bit line to a respective data bus DB1, DB2, . . . , or DBk. At 
the time of a data program, data read, or data erase, a 
predetermined voltage is selectively applied to the afore 
mentioned common source. Speci?cally, a ground voltage 
GND may be applied at the time of a data program or data 
read, and a high voltage VHH may be applied at the time of 
a data erase, although the present invention is not limited 
thereto. For example, the present invention is also applicable 
to a con?guration in Which a Word line selection signal 
having a negative voltage is applied to the control gate, and 
a ground voltage is applied to the common source, at the 
time of a data erase. A control section 11 controls the data 
program and data erase operations to each memory cell array 
block. SWitching sections L1, L2, . . . , Lk selectively couple 
respective blocks to the control section 11 at the time of a 
data program or a block erase for each block. 

[0094] In general, a ?ash memory performs an erase 
operation on a block-by-block basis in order to doWnsiZe the 
memory cell con?guration. Accordingly, the present 
example illustrates a restoration method on a block-by-block 
basis. 

[0095] FIG. 4A illustrates a case Where all blocks in a 8 
Mbit ?ash memory are normally-functioning, i.e., all 
memory cell regions are available. In this case, internal 
addresses are sequentially selected in response to external 
addresses. Thus, all blocks Will be used. 

[0096] FIG. 4B illustrates a case Where a defective bit is 
included in one block. If the defective bit(s) included in one 
block cannot be replaced by reserve cells provided in the 
semiconductor memory device, the semiconductor memory 
device can still be restored as a memory in Which all 
normally-functioning memory cell regions, i.e., those 
excluding the defective block, are available for use. 

[0097] For example, if only Block 6 is defective, the 
semiconductor memory device can be utiliZed as a normally 
functioning memory having a capacity of 7.5 Mbits (z8 
Mbits-512 Kbits). In this case, the addresses may not appear 
consecutive to external devices coupled to the semiconduc 
tor memory device. HoWever, this problem can be effec 
tively solved as folloWs. 








