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MEMORY CONTROLLER FOR FLASH MEMORY 
SYSTEM AND METHOD FOR WRITING DATA TO 

FLASH MEMORY DEVICE 

BACKGROUND OF THE INVENTION 

[0001] The present invention relates to a memory control 
ler for a ?ash memory system, a ?ash memory system and 
a method for Writing data to a ?ash memory device, and 
particularly, to such a memory controller and a ?ash memory 
system that can Write data to a ?ash memory device accu 
rately and a method for Writing data to a ?ash memory 
device accurately. 

DESCRIPTION OF THE PRIOR ART 

[0002] In recent years, ?ash memory devices, particularly 
NAND type ?ash memory devices, are Widely used as 
semiconductor memory devices for memory cards, silicon 
disks and the like. In such a NAND type ?ash memory 
device, although a transition from an erased state (logical 
value=“1”) to a programmed state (logical value=“0”) can 
be performed for each memory cell as an individual unit, a 
transition from the programmed state (0) to the erased state 
(1) cannot be performed for each memory cell as an indi 
vidual unit. Such a transition from the programmed state (0) 
to the erased state (1) can be only performed for a prede 
termined number of memory cells as a unit, called a “block”, 
constituted of a plurality of memory cells. Such an operation 
is called “block erasing”. 

[0003] According to the NAN D type ?ash memory device, 
because the transition from the programmed state (0) to the 
erased state (1) cannot be performed for each memory cell 
as an individual unit, in order to Write data into a certain 
block, it is required to perform a block erasing operation to 
change the states of all memory cells included in the block 
to the erased state Ablock-erased block becomes a free 
block in Which no data are stored. In order to Write neW data 
into a ?ash memory device, search is made for such a free 
block and the neW data are Written into a found free block. 

[0004] Because the ?ash memory device is a type of 
non-volatile memory device, the states of the memory cells 
of the ?ash memory device are maintained for a very long 
time regardless of Whether poWer voltage is applied. There 
fore, the data stored in the memory cells and the state of a 
free block of the ?ash memory device are reliably main 
tained after poWer voltage is cut off. 

[0005] HoWever, When reading or Writing is performed 
With respect to a certain memory cell, gradual change may 
occur in the state of other memory cells connected to the 
same bit line as the certain memory cell oWing to the 
“disturb phenomenon”. It is knoWn that incidence of the 
disturb phenomenon increases When the reading or Writing 
operation is repeated. If the state of a memory cell is 
changed by the disturb phenomenon, not only are stored data 
corrupted but Writing operation is also not successfully 
performed. 
[0006] FIGS. 1(a) to 1(d) are schematic diagrams for 
eXplaining hoW Writing operation is not successfully per 
formed oWing to the disturb phenomenon. 

[0007] FIG. 1(a) shoWs the logical values of each of the 
memory cells constituting a page n right after block erasing. 
The page n is constituted of 8 memory cells and can store 
256 (28) bits of data. As shoWn in FIG. 1(a), all memory 
cells constituting the page n are in erased state (logical value 
of “1”) right after block erasing. In the case Where the logical 
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values of all memory cells constituting the page n are “1”, 
data stored in the page n is FFh. 

[0008] FIG. 1(b) shoWs the logical values of each of the 
memory cell constituting the page n in the case Where the 
states of tWo memory cells thereof Were changed from the 
erased state (1) to the programmed state (0) oWing to the 
disturb phenomenon. Because the states of tWo memory 
cells have spontaneously changed to the programmed state 
(0), the data stored in the page n is changed to DDh as shoWn 
in FIG. 1(b). 

[0009] FIG. 1(c) shoWs logical values of data to be 
Written in page n and the logical values of each of the 

memory cells constituting page n. To Write the data to page n, such an operation is performed that change the 

states of the memory cells corresponding to the bits Whose 
logical value is “0” in the Write data from the erased 
state to the programmed state. No operation is performed on 
the memory cells corresponding to the bits Whose logical 
value is “1” in the Write data Note that the data stored 
in page n Was changed form FFh to DDh oWing to the disturb 
phenomenon before Writing of the data thereto. 

[0010] FIG. 1(LD shoWs the logical values of each of the 
memory cell constituting page n after the data have 
been Written. Because the Writing operation is performed 
such that, on the one hand, the states of the memory cells 
corresponding to the bits Whose logical value is “0” in the 
Write data are changed from the erased state to the 
programmed state and, on the other hand, the states of the 
memory cells corresponding to the bits Whose logical value 
is “1” in the Write data are not changed, as mentioned 
above, the states of the tWo memory cells Whose states Were 
changed by the disturb phenomenon are maintained in the 
programmed state. As a result, the data stored in page n is not 
AAh but 88h. That is, incorrect data is stored. 

[0011] As is apparent from the foregoing, the Writing 
operation is not successfully performed if the states of the 
memory cells are changed oWing to the disturb phenom 
enon. 

[0012] If the poWer voltage is suddenly cut off during 
block erasing, it is possible that the memory cells in the 
block may not be su?iciently erased. Although this is not 
caused by the disturb phenomenon, in this case too, the 
Writing operation is not successfully performed for the same 
reason as explained above. 

SUMMARY OF THE INVENTION 

[0013] It is therefore an object of the present invention to 
provide a memory controller Which can Write data correctly 
to ?ash memory devices. 

[0014] Another object of the present invention is to pro 
vide a ?ash memory system Which employs a memory 
controller Which can Write data correctly to ?ash memory 
devices. 

[0015] A further object of the present invention is to 
provide a method for Writing data correctly to ?ash memory 
devices. 

[0016] The above and other objects of the present inven 
tion can be accomplished by a memory controller for 
accessing a ?ash memory device, comprising: search means 
for ?nding an erased block in said ?ash memory device in 
response to a data Writing request from a host computer, 
verify means for verifying a state of said erased block found 
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by said search means, and store means for storing data into 
said erased block Which has been veri?ed by said verify 
means. 

[0017] According to this aspect of the present invention, 
improper data cannot be stored so that the quality of the data 
Writing can be improved because veri?cation of the state of 
the erased block in Which data are to be stored is performed 
prior to data Writing thereto. 

[0018] In a preferred aspect of the present invention, the 
verify means veri?es Whether or not all ?ash memory cells 
constituting the erased block found by the search means are 
in an erased state. 

[0019] In a further preferred aspect of the present inven 
tion, the memory controller further comprises test means, 
responsive to detection by said verify means of ?ash 
memory cell in a different state from said erased state, for 
testing Whether or not said erased block is a defective block 
With a permanent error. 

[0020] According to this preferred aspect of the present 
invention, in the case Where a ?ash memory cell Whose state 
is different from the erased state is detected, it is judged 
Whether the block should be excluded. Therefore, exclusion 
of a defective block having a transient error can be avoided. 

[0021] In a further preferred aspect of the present inven 
tion, the test means performs Writing and ?rst reading 
operations to store and read ?rst test data to/from all ?ash 
memory cells constituting said erased block. 

[0022] In a further preferred aspect of the present inven 
tion, the test means further performs erasing and second 
reading operations to store and read second test data to/from 
all ?ash memory cells constituting said erased block. 

[0023] The above and other objects of the present inven 
tion can be also accomplished by a ?ash memory system, 
comprising: at least one ?ash memory chip divided into a 
plurality of blocks each of Which includes a plurality of ?ash 
memory cells and a controller for controlling the ?ash 
memory chip, said controller including search means for 
?nding from among said plurality of blocks an erased block 
in Which all ?ash memory cells are in an erased state, store 
means for storing data into said erased block found by said 
search means, and verify means for verifying a state of said 
erased block found by said search means before said data are 
stored by said store means. 

[0024] According to this aspect of the present invention, 
veri?cation of the states of the erased block in Which data are 
to be stored is performed prior to data Writing thereto. 
Therefore, since improper data cannot be stored, the quality 
of data Writing is improved. 

[0025] In a preferred aspect of the present invention, the 
verify means veri?es Whether or not all ?ash memory cells 
constituting said erased block found by said search means 
are in an erased state. 

[0026] In a further preferred aspect of the present inven 
tion, the ?ash memory chip and said controller are enclosed 
in the same package. 

[0027] In a further preferred aspect of the present inven 
tion, the package is card-shaped. 

[0028] In a further preferred aspect of the present inven 
tion, the controller further comprises test means, responsive 
to said verify means ?nding said erased block to be a 
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defective block, for performing a test operation to test 
Whether or not said defective block includes a permanent 
error. 

[0029] In a further preferred aspect of the present inven 
tion, the test means inhibits use of said defective block in 
response to said defective block being found to include a 
permanent error. 

[0030] In a further preferred aspect of the present inven 
tion, the ?ash memory system employs a plurality of ?ash 
memory chips, and said store means can store data into an 
erased block belonging to one ?ash memory chip While said 
test means performs said test operation on a defective block 
belonging to another ?ash memory chip. 

[0031] The above and other objects of the present inven 
tion can be also accomplished by a method for storing data 
into a ?ash memory device divided into a plurality of blocks, 
comprising the steps of: searching said plurality of blocks to 
?nd a block in Which to store said data, verifying a state of 
said block found in said searching step, and storing said data 
into said block veri?ed by said verifying step. 

[0032] According to this aspect of the present invention, 
veri?cation of the states of the erased block in Which data are 
to be stored is performed prior to data Writing thereto. 
Therefore, since improper data cannot be stored, the quality 
of the data Writing is improved. 

[0033] In a preferred aspect of the present invention, the 
method further comprises a step of testing, in response to 
said verifying step ?nding said block found by said search 
ing step to be unsuitable for storing said data, Whether or not 
said block is a defective block With a permanent error. 

[0034] According to this preferred aspect of the present 
invention, in the case Where the verifying step ?nds the 
block found by the searching step to be unsuitable for storing 
said data, it is judged Whether the block should be excluded. 
Therefore, exclusion of a defective block having a transient 
error can be avoided. 

[0035] In a further preferred aspect of the present inven 
tion, the searching step searches another block for storing 
said data among said plurality of blocks responsive to said 
verifying step ?nding said block found by said searching 
step to be unsuitable for storing said data for ?nding. 

[0036] In a further preferred aspect of the present inven 
tion, the data are stored into said another block regardless of 
Whether or not said block is found to be a defective block 
With a permanent error in said testing step. 

[0037] In another preferred aspect of the present inven 
tion, the data are stored into said block if said block is not 
found to be a defective block With a permanent error in said 
testing step. 
[0038] In a further preferred aspect of the present inven 
tion, the testing step includes Writing and ?rst reading 
sub-steps for storing and reading ?rst test data to/from all 
?ash memory cells constituting said block. 

[0039] In a further preferred aspect of the present inven 
tion, the said testing step further includes erasing and second 
reading sub-steps for storing and reading second test data 
to/from all ?ash memory cells constituting said erased 
block. 

[0040] In a further preferred aspect of the present inven 
tion, storage of data in said block is inhibited if said block 
is found to be a defective block With a permanent error in 
said testing step. 
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[0041] The above and other objects and features of the 
present invention Will become apparent from the following 
description made With reference to the accompanying draW 
ings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0042] FIGS. 1(a) to 1(d) are schematic diagrams for 
explaining hoW a Writing operation is not successfully 
performed oWing to the disturb phenomenon. 

[0043] FIG. 2 is a schematic block diagram shoWing a 
?ash memory system 1 Which is a preferred embodiment of 
the present invention. 

[0044] FIG. 3 is a schematic sectional diagram shoWing a 
cross-section of a ?ash memory cell 16 included in the ?ash 
memory chips 2-0 to 2-3. 

[0045] FIG. 4 is a schematic sectional diagram shoWing a 
cross-section of the ?ash memory cell 16 in the programmed 
state. 

[0046] FIG. 5 is a schematic diagram shoWing the struc 
ture of the address space of the ?ash memory chip 2-0. 

[0047] FIG. 6 is a schematic diagram shoWing the data 
structure of an address translation table 27 stored in a SRAM 
Work area 8. 

[0048] FIG. 7 is a schematic diagram shoWing the data 
structure of a Write queue 28 stored in the SRAM Work area 
8. 

[0049] FIGS. 8 to 10 are ?oW charts shoWing the data 
Writing operation by the ?ash memory system 1. 

[0050] FIG. 11 is a schematic block diagram shoWing a 
?ash memory system 29 Which is another preferred embodi 
ment of the present invention. 

[0051] FIG. 12 is a ?oW chart shoWing a vendor format 
for checking an acquired defect. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENT 

[0052] As shoWn in FIG. 2, the ?ash memory system 1 has 
the shape of a card, and is composed of four ?ash memory 
chips 2-0 to 2-3, a controller 3, and a connector 4, each of 
Which is integrated into the card. The ?ash memory system 
1 can be removably attached to a host computer 5 for use as 
a kind of an external storage device for the host computer 5. 
The host computer 5 can be a device such as a personal 
computer for processing various information such as text 
data, sound data, and video data and digital still camera data. 

[0053] Each ?ash memory chip 2-0 to 2-3 is a semicon 
ductor chip having a capacity of 128M bytes (1G bits). In the 
?ash memory system 1, each page, Which is a minimum 
access unit, is composed of 512 bytes for user data. Thus, an 
address space of each ?ash memory chip 2-0 to 2-3 includes 
256K pages, and the amount of address space of the ?ash 
memory chips 2-0 to 2-3 is 1M pages. In the ?ash memory 
system 1, these four ?ash memory chips 2-0 to 2-3 are 
treated as a big single memory having a capacity of 512M 
bytes (4G bits) and 1M pages of address space. Address 
information of 20-bit length is required to access such a 
memory having 1M pages of address space. Thus, to access 
an individual page, the host computer 5 provides address 
information of 20-bit length to the ?ash memory system 1. 
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Such address information of 20-bit length provided from the 
host computer 5 to the ?ash memory system 1 is referred as 
a “host address”. 

[0054] The controller 3 is composed of a microprocessor 
6, a host interface block 7, a SRAM Work area 8, a buffer 9, 
a ?ash memory interface block 10, an ECC (error correction 
code) block 11, and a ?ash sequencer block 12. These 
functional blocks composing the controller 3 are integrated 
in a single semiconductor chip. 

[0055] The microprocessor 6 is a functional block Which 
controls the operations of each functional block composing 
the controller 3. 

[0056] The host interface block 7 is connected to the 
connector 4 via a bus 13 to send or receive data, address 
information, status information, and external command 
information to/from the host computer 5 under the control of 
the microprocessor 6. Speci?cally, When the ?ash memory 
system 1 is attached to the host computer 5, the ?ash 
memory system 1 and the host computer 5 are electrically 
connected to each other via the bus 13, the connector 4, and 
the bus 14. When the electrical connection betWeen the ?ash 
memory system 1 and the host computer 5 is established, 
various information such as data provided from the host 
computer 5 to the ?ash memory system 1 is input to the 
controller 3 via the host interface block 7 as an input part, 
and various information such as data provided from the ?ash 
memory system 1 to the host computer 5 is output from the 
controller 3 via the host interface block 7 as an output part. 
Further, the host interface block 7 employs task ?le registers 
(not shoWn) temporarily storing the host address and the 
external commands from the host computer 5 and error 
registers (not shoWn) Which is set in response to error 
occurrence. 

[0057] The SRAM Work area 8, composed of a plurality of 
SRAM cells, is a Working area for temporarily storing data 
is used by the microprocessor 6 for controlling the ?ash 
memory chips 2-0 to 2-3. 

[0058] The buffer 9 is for temporarily storing data read 
from the ?ash memory chips 2-0 to 2-3 and data to be Written 
into the ?ash memory chips 2-0 to 2-3. Speci?cally, data 
read from the ?ash memory chips 2-0 to 2-3 are temporarily 
stored in the buffer 9 until the host computer 5 becomes 
ready to receive them, and data to be Written into the ?ash 
memory chips 2-0 to 2-3 are temporarily stored into the 
buffer 9 until the ?ash memory chips 2-0 to 2-3 become 
ready to be Written. 

[0059] The ?ash memory interface block 10 is a functional 
block for sending or receiving data, address information, 
status information, and internal command information 
to/from the ?ash memory chips 2-0 to 2-3 via a bus 15 and 
for supplying the chip selection signals #0 to #3 to the ?ash 
memory chips 2-0 to 2-3. One of the chip selection signals 
#0 to #3 is activated based on the upper tWo bits of the host 
address provided from the host computer 5 When a data read 
operation or a data Write operation is requested by the host 
computer 5. Speci?cally, the chip selection signals #0 is 
selectively activated based on the upper tWo bits of the host 
address being “00”, the chip selection signals #1 is selec 
tively activated based on the upper tWo bits of the host 
address being “01”, the chip selection signals #2 is selec 
tively activated based on the upper tWo bits of the host 
address being “10”, and the chip selection signals #3 is 
selectively activated based on the upper tWo bits of the host 
address being “11”. Each of the chip selection signals #0 to 
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#3 activates a corresponding ?ash memory chip 2-0 to 2-3 
to allow the data read operation and the data Write operation 
to be performed. It is noted that the “internal command 
information” is distinguished from the “external command 
information”: the internal command information is issued 
from the controller 3 to control the ?ash memory chips 2-0 
to 2-3; the external command information is issued from the 
host computer 5 to control the ?ash memory system 1. 

[0060] The ECC block 11 is a functional block for gen 
erating an error correction code to be added to data to be 
Written to the ?ash memory chips 2-0 to 2-3 and to correct 
any error included in data read from the ?ash memory chips 
2-0 to 2-3. 

[0061] The ?ash sequencer block 12 is a functional block 
for controlling a data transport betWeen the ?ash memory 
chips 2-0 to 2-3 and the buffer 9. The ?ash sequencer block 
12 has a plurality of registers (not shoWn). When a certain 
value necessary for reading data from the ?ash memory 
chips 2-0 to 2-3 or to Write data into the ?ash memory chips 
2-0 to 2-3 is set in the registers (not shoWn) under the control 
of the microprocessor 6, the ?ash sequencer block 12 
performs certain operations necessary to read data or to 
Write data. 

[0062] Next, the physical structure of each of the ?ash 
memory cells included in the ?ash memory chips 2-0 to 2-3 
Will be explained. 

[0063] FIG. 3 is a schematic sectional diagram shoWing a 
cross-section of a ?ash memory cell 16 included in the ?ash 
memory chips 2-0 to 2-3. 

[0064] As shoWn in FIG. 3, the ?ash memory cell 16 is 
composed of a semiconductor substrate 17 of p-type, the 
source and drain diffusion regions 18 and 19 of n-type each 
of Which is formed in the semiconductor substrate 17, the 
tunnel oxide ?lm 20 formed on a part of the semiconductor 
substrate 17 located betWeen the source and drain diffusion 
regions 18 and 19, a ?oating gate electrode 21 formed on the 
tunnel oxide ?lm 20, an insulating ?lm 22 formed on the 
?oating gate electrode 21, and a control gate electrode 23 
formed on the insulating ?lm 22. In the ?ash memory chips 
2-0 to 2-3, pluralities of the ?ash memory cells 16 having the 
above-mentioned structure are serially connected to form a 
?ash memory of NAND type. 

[0065] The ?ash memory cell 16 exhibits either an “erased 
state” or a “programmed state” depending on Whether elec 
trons are injected into the ?oating gate electrode 21. The 
?ash memory cell 16 being in the erased state indicates that 
the data stored therein is “1”, and the ?ash memory cell 16 
being in the programmed state indicates that the data stored 
therein is “0”. That is, each ?ash memory cell 16 can store 
one bit of digital data. 

[0066] As shoWn in FIG. 3, in the erased state, substan 
tially no electrons are injected into the ?oating gate elec 
trode 21. In the erased state, When reading voltage is not 
applied to the control gate electrode 23, no channel is 
induced at the surface of the semiconductor substrate 17 of 
p-type located betWeen the source and drain diffusion 
regions 18 and 19, so that the source and drain diffusion 
regions 18 and 19 are electrically isolated from each other by 
the semiconductor substrate 17 of p-type. On the other hand, 
When reading voltage is applied to the control gate electrode 
23, a channel (not shoWn) is induced at the surface of the 
semiconductor substrate 17 of p-type located betWeen the 
source and drain diffusion regions 18 and 19, so that the 
source and drain diffusion regions 18 and 19 are electrically 
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connected to each other by the channel (not shoWn). That is, 
no application of the reading voltage to the control gate 
electrode 23 causes the source and drain diffusion regions 18 
and 19 to be electrically isolated from each other, and 
application of the reading voltage to the control gate elec 
trode 23 causes the source and drain diffusion regions 18 and 
19 to be electrically connected to each other. 

[0067] FIG. 4 is a schematic sectional diagram shoWing a 
cross-section of the ?ash memory cell 16 in the programmed 
state. 

[0068] As shoWn in FIG. 4, in the programmed state, 
electrons are injected into the ?oating gate electrode 21. The 
electrons injected into the ?oating gate electrode 21 stay 
therein for an extremely long period because the ?oating 
gate electrode 21 is sandWiched betWeen the tunnel oxide 
?lm 20 and the insulating ?lm 22. In the programmed state, 
a channel 24 is induced at the surface of the semiconductor 
substrate 17 of p-type located betWeen the source and drain 
diffusion regions 18 and 19 regardless of Whether reading 
voltage is being applied to the control gate electrode 23. 
Therefore, the source and drain diffusion regions 18 and 19 
are alWays electrically connected to each other by the 
channel 24 regardless of Whether reading voltage is being 
applied to the control gate electrode 23. 

[0069] It can be detected Whether the ?ash memory cell 16 
is in the erased state or the programmed state by the 
folloWing steps. First, reading voltage is applied to every 
control gate electrode 23 of the ?ash memory cells 16 except 
for the selected ?ash memory cell 16, so that the ?ash 
memory cells 16 are serially connected to form a serial 
circuit. Next, it is detected Whether or not current can ?oW 
through the serial circuit. Then, the state of the selected ?ash 
memory cell 16 is judged to be in the programmed state if 
current can ?oW through the serial circuit, and the state of 
the selected ?ash memory cell 16 is judged in the erased 
state if current cannot ?oW through the serial circuit. In this 
manner, the data stored in each ?ash memory cell 16 can be 
read out. In the ?ash memory of NAND type, hoWever, tWo 
or more data stored in ?ash memory cells 16 Which belong 
to the same serial circuit cannot be read out simultaneously. 

[0070] To change the state of the ?ash memory cell 16 
from the erased state to the programmed state, high positive 
voltage is applied to the control gate electrode 23 to inject 
electrons into the ?oating gate electrode 21 via the tunnel 
oxide ?lm 20. The injection of the electrons into the ?oating 
gate electrode 21 can be performed using an F-N tunnel 
current. On the other hand, to change the state of the ?ash 
memory cell 16 from the programmed state to the erased 
state, high negative voltage is applied to the control gate 
electrode 23 to eject the previously injected electrons from 
the ?oating gate electrode 21 via the tunnel oxide ?lm 20. 

[0071] Next, the speci?c structure of the address space of 
each of the ?ash memory chips 2-0 to 2-3 Will be explained. 

[0072] FIG. 5 is a schematic diagram shoWing the struc 
ture of the address space of the ?ash memory chip 2-0. 

[0073] As shoWn in FIG. 5, the address space of the ?ash 
memory chip 2-0 is divided into 8192 blocks composed of 
blocks 0 to 8191. Although not shoWn in FIG. 5, each of the 
address spaces of the ?ash memory chips 2-1 to 2-3 is also 
divided into 8192 blocks: the address space of the ?ash 
memory chip 2-1 is composed of block 8192 to 16383, the 
address space of the ?ash memory chip 2-2 is composed of 
blocks 16384 to 24575, and the address space of the ?ash 
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memory chip 2-3 is composed of blocks 24576 to 32767. 
Each of the blocks 0 to 32767 has a memory capacity of 16K 
bytes. 
[0074] Each block 0 to 32767 is a unit of ?ash erasing. In 
other Words, according to the ?ash memory chips 2-0 to 2-3, 
the state of each ?ash memory cell 16 cannot be changed 
from the programmed state to the erased state in cell units. 
To change the state of the ?ash memory cell 16 from the 
programmed state to the erased state, it is required to change 
the states of all ?ash memory cells 16 of the block including 
the ?ash memory cells 16 to be erased. In contrast, the state 
of each ?ash memory cell 16 can be changed from the erased 
state to the programmed state in cell units. 

[0075] Further, as shoWn in FIG. 5, each block 0 to 8191 
composing the ?ash memory chip 2-0 is divided into 32 
pages assigned the page addresses 0 to 31, respectively. 
Similar to the blocks 0 to 8191 composing the ?ash memory 
chip 2-0, each block 8192 to 32767 composing the ?ash 
memory chips 2-1 to 2-3 is also divided into 32 pages 
assigned page addresses 0 to 31, respectively. 

[0076] Each of the pages is an access unit during the read 
operation and the Write operation and is composed of the 
user area 25 of 512 bytes and the redundant area 26 of 16 
bytes Where 1 byte is equal to 8 bits composed of bits 0 to 
7. The user area 25 is an area for storing user data supplied 
from the host computer 5 and the redundant area 26 is an 
area for storing additional information such as the error 
correction code generated by the ECC block 11. The error 
correction code is a piece of additional information for 
correcting any error included in data stored in the corre 
sponding user area 25. If the number of errors included in 
data stored in the user area 25 is smaller than a certain 
number, the errors are corrected by using the error correction 
code stored in the corresponding redundant area 26. 

[0077] The host computer 5 supplies the host address to 
the ?ash memory system 1, Which employs the ?ash 
memory chips 2-0 to 2-3 having the above-mentioned struc 
ture, to request read operation and Write operation of indi 
vidual pages as access units composed of 512 bytes. Because 
each page is composed of the user area 25 of 512 bytes and 
the redundant area 26 of 16 bytes, each page includes 
8><(512 bytes+16 bytes)=4224 ?ash memory cells. 
[0078] Because the ?ash memory chips 2-0 to 2-3 having 
the above-mentioned structure are treated as a big single 
memory having 1M pages of address space, address infor 
mation of 20-bit length is required to access individual pages 
included in the address space. Among the 20 bits, the upper 
15 bits are used to select a particular blocks to be accessed 
among the 32768 blocks composed of the blocks 0 to 32767 
and the remaining loWer 5 bits are used to select a particular 
page to be accessed among the 32 pages composing the 
selected block. As explained in further detail later, the block 
to be accessed cannot be univocally decided by the upper 15 
bits of the host address supplied from the host computer 5. 
The upper 15 bits of the host address is referred as a “logical 
block address” and the physical address of the block to be 
accessed is referred as a “physical block address” Which is 
not the same as the logical block address. The logical block 
address is converted into the physical block address by 
referring to an address translation table Which Will be 
explained later, Whereafter the speci?c block assigned such 
a physical block address is accessed. 

[0079] The need for converting the logical block address 
into the physical block address by referring to the address 
translation table Will be explained. 
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[0080] As mentioned above, although the state of each 
?ash memory cell 16 composing the ?ash memory chips 2-0 
to 2-3 can be changed from the erased state to the pro 
grammed state in cell units, the state of the ?ash memory 
cells 16 cannot be changed from the programmed state to the 
erased state in cell units, the state change can be only 
performed in block units. Thus, to store neW data into a 
certain page, it is required that every ?ash memory cell 16 
composing the user area 25 of the page be in the erased state. 
In other Words, if even a single ?ash memory cell 16 
included in the page into Which data are stored is in the 
programmed state, overWriting of other data into such a page 
cannot be directly performed. Therefore, to overWrite neW 
data into such a page already storing other data a ?ash 
erasing operation must be performed in advance to change 
the states of all of the ?ash memory cells 16 of the block 
including the page into Which data are to be overWritten to 
the erased state, Whereafter neW data are Written into the 
page. 

[0081] Therefore, in case of overWriting neW data into a 
certain page already storing other data, the data already 
stored in other pages belonging to the same block must be 
moved to other pages belonging to another block in order to 
avoid destruction of such data. Hence, the relationship 
betWeen the logical block address included in the host 
address and the physical block address assigned to each 
block of the ?ash memory chips 2-0 to 2-3 corresponding to 
the logical block address is actively changed each time an 
overWrite operation is requested by the host computer 5. 
Thus, to access the ?ash memory chips 2-0 to 2-3 from the 
host computer 5, an address translation table for converting 
the logical block address provided from the host computer 5 
into the physical block address corresponding to the logical 
block address is required. The address translation table Will 
be speci?cally explained later. 

[0082] In the redundant area 26 of the top page (page 0) of 
each block, not only the error correction code but also an 
erase ?ag and a corresponding logical block address are 
stored. The erase ?ag is a ?ag indicating Whether or not all 
of the ?ash memory cells 16 composing the user areas 25 of 
the block are in the erased state, i.e., indicating Whether or 
not the block is an erased block, and the corresponding 
logical block address indicates by What logical block address 
the block is accessed. The corresponding logical block 
address is stored in case some data are stored in the block, 
i.e., When the erase ?ag indicates that the block is not an 
erased block. The erase ?ag and the corresponding logical 
block address Will be explained in detail later. 

[0083] Next, various Working data stored in the SRAM 
Work area 8 Will be explained. At least an address translation 
table 27 and a Write queue 28 are stored in the SRAM Work 
area 8. 

[0084] FIG. 6 is a schematic diagram shoWing the data 
structure of the address translation table 27 stored in the 
SRAM Work area 8. 

[0085] As shoWn in FIG. 6, the address translation table 
27 is composed of physical block address storing areas 0 to 
32767. In the physical block address storing areas 0 to 
32767, corresponding physical block addresses are stored, 
so the logical block addresses and the physical block 
addresses are related. Speci?cally, the logical block 
addresses 0 to 32767 are assigned to the physical block 
address storing areas, so that each of the physical block 
addresses stored in the physical block address storing areas 
is related to the logical block address assigned thereto. For 
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example, if the logical block address (upper 15 bits of the 
host address) supplied from the host computer 5 is 
010101010101010B, the physical block address storing area 
assigned 10922 as the logical block address is selected, and 
the physical block address stored therein is read out. If the 
read physical block address is for example 
000001111111111B, the physical block address to be 
accessed is decided to be 1023, so that conversion of the 
logical block address 10922 into the physical block address 
1023 is completed. 

[0086] Each of the physical block address storing areas 0 
to 32767 occupies 15 bits of the SRAM Work area 8 to store 
the physical block address. Thus, the address translation 
table 27 occupies 61.44K bytes (491520 bits) of the SRAM 
Work area 8. 

[0087] The address translation table 27 is generated in the 
folloWing manner. 

[0088] As mentioned above, not only the error correction 
code generated by the ECC block 11 but also the “corre 
sponding logical block address”, Which indicates the logical 
block address by Which the block is accessed, is stored in the 
redundant area 26 of the top page (page 0) of the block 
Which stores data. Because it can be detected Whether the 
block stores data or not by referring to the “erase ?ag”, a 
search operation is performed under the control of the 
microprocessor 6 to detect the blocks storing data by check 
ing their erase ?ags, and the corresponding logical block 
addresses are read from the redundant area 26 of the top 
page (page 0) of the block storing data via the ?ash memory 
interface block 10. Then, the physical block addresses are 
stored in the physical block address storing areas assigned 
the same logical block addresses as the read corresponding 
logical block addresses. For example, if the physical block 
address of a certain block is “10” and the corresponding 
logical block address stored therein is “123,”“10” is stored 
as the physical block address in the physical block address 
storing area assigned “123” as the logical block address. 
Then, address translating information according to the cer 
tain block, Whose physical block address is “10”, is com 
pleted. 
[0089] Such an operation is performed for each block 
Which contains data, so that each of the physical block 
addresses assigned to such blocks that contains data are 
stored into corresponding physical block address storing 
areas. 

[0090] Next, the data structure of the Write queue 28 stored 
in the SRAM Work area 8 Will be explained. 

[0091] FIG. 7 is a schematic diagram shoWing the data 
structure of the Write queue 30 stored in the SRAM Work 
area 8. 

[0092] As shoWn in FIG. 7, the Write queue 28 is com 
posed of the queues 0 to 7. Each of the queues 0 to 7 
occupies 2 bytes of the SRAM Work area 8, and a physical 
block address is stored in each of the queues 0 to 7 by 15 bits 
of data. Thus, the Write queue 28 occupies 16 bytes of the 
SRAM Work area 8. 

[0093] Each of the queues 0 to 7 stores the physical block 
addresses of the erased blocks, i.e., all ?ash memory cells 16 
composing the used area 25 are in the erased state. There 
fore, the Write queue 28 can store at most eight physical 
block addresses of the erased blocks. 

[0094] The generation of the Write queue 28 is performed 
under the control of the microprocessor 6 during the gen 
eration of the address translation table 27. 
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[0095] Speci?cally, as mentioned above, the erase ?ag 
indicating Whether or not the corresponding block is an 
erased block is included in the redundant area 26 of the top 
page (page 0) of each of the blocks, and the contents of the 
erase ?ags, Which are included in the area Whose address 
translating information should be stored in the address 
translation table 27, are checked to detect erased blocks 
under the control of the microprocessor 6 during the gen 
eration of the address translation table 27. By this operation, 
at most eight erased blocks are detected and the physical 
block addresses thereof are stored in the corresponding the 
queues 0 to 7. 

[0096] Next, the initialiZing operation and Write operation 
of the ?ash memory system 1 Will be explained in this order. 

[0097] The initialiZation of the ?ash memory system 1 is 
performed at the time the ?ash memory system 1 is attached 
to the host computer 5 or a reset command is issued from the 
host computer 5. 

[0098] In the initialiZation of the ?ash memory system 1, 
the address translation table 27 and the Write queue 28 are 
generated under the control of the microprocessor 6. Gen 
erating method thereof are already mentioned. When the 
address translation table 27 and the Write queue 28 have 
been generated, the initialiZation of the ?ash memory system 
1 is ?nished. 

[0099] The controller 3 is placed in a busy state during the 
initialiZation of the ?ash memory system 1. When in this 
state, the controller 3 denies requests for data reading or 
Writing from the host computer 5. The busy state is released 
in response to completion of ?ash memory system 1 initial 
iZation. 

[0100] Next, the Write operation of the ?ash memory 
system 1, a characteriZing feature of the present invention, 
Will be explained. 

[0101] FIGS. 8 to 10 are ?oW charts shoWing the data 
Writing operation by the ?ash memory system 1. 

[0102] The Write operation Will be explained for the case 
Where the address translation table 27 and Write queue 28 are 
in the initial state When the external Write command, a kind 
of external command, the host address 
11000000100100111011B, for example, and data to be Writ 
ten are supplied to the ?ash memory system 1 via the bus 14, 
the connector 4, and the bus 13 from the host computer 5. 

[0103] First, When the host address and the external Write 
command are supplied to the controller 3, they are tempo 
rarily stored in the task ?le register (not shoWn) of the host 
interface block 7 (step S1). 

[0104] Next, the host address stored in the task ?le register 
is checked for Whether it is invalid, for example, is an 
nonexistent address, an invalid address, or the like, by the 
host interface block 7 (step S2). 

[0105] When the check ?nds the host address stored in the 
task ?le register to be valid, the operation proceeds to step 
S4. When the host address is found to be invalid, the 
operation proceeds to step S17 (step S3). When the opera 
tion proceeds to step S17, the error register (not shoWn) of 
the host interface block 7 is set, so that the host computer 5 
can ascertain occurrence of any error by referring to the error 
register. When the operation proceeds to step S4, the regis 
ters (not shoWn) included in the ?ash sequencer block 12 are 
set under the control of the microprocessor 6 (Write 
sequencer setting). This operation is performed as folloWs: 
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[0106] First, the internal Write command and the internal 
read command, each of Which is a kind of internal command, 
are set in the predetermined registers (not shoWn) included 
in the ?ash sequencer block 12 under the control of the 
microprocessor 6. Further, the upper 2 bits are extracted 
from the 20 bits of the host address and set in the other 
registers (not shoWn) included in the ?ash sequencer block 
12 under the control of the microprocessor 6. Further, the 
source block address, Which is the physical block address of 
the block storing the data prior to transfer, and the destina 
tion block address, Which is the physical block address of the 
block in Which transferred data Will be stored, are set in other 
registers (not shoWn) included in the ?ash sequencer block 
12 under the control of the microprocessor 6. 

[0107] In accordance With the generation of the source 
block address, the upper 15 bits are extracted from the 20 
bits of the host address, and then, the physical block address, 
Which is stored in the physical block address storing area 
determined by the extracted 15 bits among the 32768 
physical block address storing areas composed of the physi 
cal block address storing area 0 to 32767, is read out under 
the control of the microprocessor 6. In the exempli?ed case, 
because the extracted 15 bits of the host address are 
110000001001001B(24649), the physical block address 
stored in the 24650th physical block address storing area, 
Which is the physical block address storing area 24649, is 
read out. Here, assume that the physical block address stored 
in the physical block address storing area 24649 is 
000001110001111B(911). This is the source block address, 
and it is set in a register (not shoWn) included in the ?ash 
sequencer block 12. 

[0108] On the other hand, in accordance With the genera 
tion of the destination block address, the content of the Write 
queue 28 is searched under the control of the microprocessor 
6 (step S5). When it is found that no address of an erased 
block is stored in any of queues 0 to 7 at all, i.e., no erased 
block is found, the operation proceeds to step S17 to perform 
the error operation. On the other hand, if an address of an 
erased block is stored in at least one of queues 0 to 7, i.e., 
at least one erased block is found, the operation proceeds to 
step S7 shoWn in FIG. 9 (step S6). In the case Where the 
operation proceeds to step S7, the physical block address is 
read out from one of the queues 0 to 7, the queue 0 for 
example, composing the Write queue 28. Here, assume that 
the physical block address stored in the queue 0 is 
000001000000000B(512). This is the destination block 
address, and it is set in a register (not shoWn) included in the 
?ash sequencer block 12. 

[0109] In the meantime, Write data are supplied from the 
host computer 5 to the ?ash memory system 1, and are 
transferred to the ECC block 11 under the control of the 
microprocessor 6. The ECC block 11 analyZes the trans 
ferred Write data to generate and temporarily store an error 
correction code. 

[0110] When the physical block address 
000001000000000B(512) stored in the queue 0 is read out, 
it is con?rmed Whether or not all ?ash memory cells 16 
constituting the block 512 are erased states (all “1”) under 
the control of the ?ash sequencer block 12 (step S7). 

[0111] Speci?cally, When the physical block address 
000001000000000B(512) stored in the queue 0 is read out, 
at ?rst OOOOOB is added to the address to generate an internal 
address 00000100000000000000 under the control of the 
?ash sequencer block 12. Next, the ?ash sequencer block 12 
directs the ?ash memory interface block 10 to activate the 
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one of the chip selection signals #0 to #3 corresponding to 
the ?ash memory chip to be accessed among the ?ash 
memory chips 2-0 to 2-3 based on the upper 2 bits of the 
internal address. In the exempli?ed case, because the upper 
2 bits of the internal address are 00B(0), the chip selection 
signal #0 is activated. Therefore, access to the ?ash memory 
chip 2-0 for reading data is enabled. The other chip selection 
signals #1 to #3 are kept in the inactive state. 

[0112] Next, the ?ash sequencer block 12 directs the ?ash 
memory interface block 10 to send the loWer 18 bits of the 
internal address, Which are OOOIOOOOOOOOOOOOOOB, and the 
internal read command stored in the prescribed registers (not 
shoWn) to the bus 15. Although the internal address of 18 
bits and the internal read command are provided in common 
to the ?ash memory chips 2-0 to 2-3 via the bus 15, they are 
only valid for the ?ash memory chip 2-0 because the chip 
selection signal #0 is in the active state While the other the 
chip selection signals #1 to #3 are in the inactive state. 

[0113] As a result, the ?ash memory chip 2-0 is brought 
into an enabled state to read data stored at the internal 
address of 18 bits, 000100000000000000B. The upper 13 
bits of the internal address of 18 bits are used to select the 
block to be accessed and the loWer 5 bits of the internal 
address of 18 bits are used to select the page to be accessed 
included in the selected block. In the exempli?ed case, the 
block 512 and the page 0 are selected. That is, the ?ash 
memory chip 2-0 reads data stored at the page 0 of the block 
512. 

[0114] When the reading operation from the page 0 is 
completed, the internal address is incremented to generate 
the neW internal address OOOOOlOOOOOOOOOOOOOlB. Then, 
the reading operation is performed using the neW internal 
address by the same method as described above. Such data 
reading operations are successively performed until page 31. 
That is, the data stored in all pages of the block 512 of the 
?ash memory chip 2-0 are read out. 

[0115] Then, it is judged Whether or not all read data are 
“1”, i.e., Whether or not all ?ash memory cells 16 included 
in the block 512 are in the erased state (step S8). This means 
that veri?cation of the erased states of all ?ash memory cells 
16 included in the block is performed prior to the Writing 
operation during steps S7 and S8, even though all ?ash 
memory cells 16 included in the block should be in the 
erased state because a physical address of the block Was 
obtained from the Write queue 28 in Which physical block 
addresses of the erased blocks are stored. If as a result of the 
judgment all ?ash memory cells 16 are found to be in the 
erased state, the operation proceeds to step S9 to perform the 
Writing operation. On the other hand, if at least one ?ash 
memory cell 16 is found in the programmed state, the 
operation proceeds to step S14 to perform a test operation. 

[0116] In step S14, it is checked Whether the error of the 
block 512 is a transient error caused by, for example, states 
of ?ash memory cells being accidentally changed oWing to 
the disturb phenomenon or the like, or a permanent error 
caused by, for example, ?ash memory cells being physically 
degraded to preclude data storage. 

[0117] The test operation of step S14 is performed fol 
loWing the ?oW chart shoWn in FIG. 10. 

[0118] In the test operation, at ?rst, Write operations are 
performed to all ?ash memory cells 16 included in the block 
512 (step S20). Speci?cally, an internal address 
000100000000000001B selecting the page 0 of the block 
512, “all 0” as the Write data, and an internal Write command 
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set in a register (not shown) are supplied to the bus 15 to 
Write data “all 0” in the page 0 of the block 512. That is, the 
states of all ?ash memory cells 16 constituting the page 0 of 
the block 512 are changed from the erased state to the 
programmed state. Next, the internal address is incremented 
so that data “all 0” are Written into the page 1. Such 
operations are successively performed until page 31. Then, 
the Write operation for all ?ash memory cells 16 constituting 
the block 512 is completed. 

[0119] When the Write operation is completed, it is judged 
Whether or not the Write operation Was successfully ?nished 
(step S21). This judgment can be made by referring a Write 
status signal issued from the ?ash memory chips 2-0 to 2-3 
in response to completion of the Write operation. If as a 
result of the judgment it is found that the Write status 
indicates that the Write operation Was not successfully 
?nished, the operation proceeds to step S29 because the 
block is determined to be an acquired-defect block having a 
permanent error. On the other hand, if the Write status 
indicates that the Write operation Was successfully ?nished, 
the operation proceeds to step S22. 

[0120] In accordance With step S22, the reading operation 
is performed for all ?ash memory cells 16 constituting the 
block 512. Speci?cally, the internal address 
000100000000000000B selecting the page 0 of the block 
512 is supplied to the bus 15 With the chip selection signal 
#0 being in the active state to read data stored in page 0 of 
the block 512. Next, the internal address is incremented to 
read data stored in page 1 of the block 512. Such the reading 
operations are successively performed until page 31. This 
completes the read operation for all ?ash memory cells 16 
constituting the block 512. 

[0121] When the read operation is completed, it is judged 
Whether all bits of the read data are “0,” under the control of 
the ?ash sequencer block 12 (step S22). If as a result of the 
judgment it is found that at least one bit indicates “1,” the 
operation proceeds to step S29 because the block is deter 
mined to be an acquired-defect block having a permanent 
error. On the other hand, if all bits of the read data are “0”, 
the operation proceeds to step S24. 

[0122] In step S24, block erasing is performed for all ?ash 
memory cells 16 constituting the block 512. The block 
erasing is done for the entire block at one time as described 
above. 

[0123] When the block erasing is completed, it is judged 
Whether or not the block erasing Was successfully ?nished 
(step S25). This judgment can be made by referring to an 
erase status signal issued from the ?ash memory chips 2-0 
to 2-3 in response to completion of the block erasing. If as 
a result of the judgment it is found that the erase status 
indicates that the block erasing Was not successfully per 
formed, the operation proceeds to step S29 because the 
block is determined to be an acquired-defect block having a 
permanent error. On the other hand, if the erase status 
indicates that the block erasing Was successfully performed, 
the operation proceeds to step S26. 

[0124] In step S26, a reading operation is performed for all 
?ash memory cells 16 constituting the block 512, similarly 
to step 22. Details of the read operation have already been 
explained. 
[0125] When the read operation is completed, it is judged 
Whether or not all bits of the read data are “1,” under the 
control of the ?ash sequencer block 12 (step S27). If as a 
result of the judgment it is found that at least one bit 
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indicates “0,” the operation proceeds to step S29 because the 
block is determined to be an acquired-defect block having a 
permanent error. On the other hand, if all bits of the read data 
are “1,” the operation proceeds to step S28 because the block 
is determined to be a good block. 

[0126] In the test operation (step S14) described above, it 
is tested Whether or not the state of each ?ash memory cell 
16 constituting the block 512 can change from the erased 
state to the programmed state and from the programmed 
state to the erased state. As a result, in the case Where it Was 
con?rmed that the state transition can be successfully per 
formed, the error detected at step S8 is considered to be an 
accidentally occurring error oWing to the disturb phenom 
enon or the like, so the block is treated as a good block. On 
the other hand, in the case Where it Was con?rmed that the 
state transition cannot be successfully performed, the error 
detected at step S8 is considered to be a permanent error, so 
the block is treated as an acquired-defect block. 

[0127] In the test operation (step S14), if the block is 
determined to be an acquired-defect block, the operation 
proceeds to step S16, and if the block is determined to be a 
good block, the operation proceeds to step S5 shoWn in FIG. 
8 (step S15). 

[0128] In step S16, an exclusion operation is performed to 
inhibit use of the defect block. Speci?cally, a block status 
included in a redundant area 26 of the top page (page 0) is 
brought into a state to indicate that the block is an acquired 
defect block. Then, use of the block is inhibited. When the 
exclusion operation is completed, the operation proceeds to 
step S5. Details of the operations performed in steps S5 to 
S8 have already been explained. 

[0129] It is found in step S8 that the states of all ?ash 
memory cells 16 are in the erased state, a Write operation for 
storing data supplied from the host computer 5 is performed 
(step S9). 
[0130] Speci?cally, the ?ash sequencer block 12 directs 
the ?ash memory interface block 10 to activate the one of the 
chip selection signals #0 to #3 corresponding to the ?ash 
memory chip to be accessed among the ?ash memory chips 
2-0 to 2-3 based on the upper 2 bits of the source block 
address. In the exempli?ed case, because the upper 2 bits of 
the source block address are 00B(0), the chip selection 
signal #0 is activated. Therefore, access of the ?ash memory 
chip 2-0 for reading data is enabled. The other chip selection 
signals #1 to #3 are kept in the inactive state. 

[0131] Next, the ?ash sequencer block 12 generates an 
internal source address of 18 bits based on the source block 
address stored in a register (not shoWn). Speci?cally, the 
upper 2 bits are deleted from and OOOOOB is added to the 
source block address to generate the internal source address, 
Whose value is therefore 000111000111100000B. 

[0132] Next, the ?ash sequencer block 12 directs the ?ash 
memory interface block 10 to send the internal source 
address, 000111000111100000B, and an internal read com 
mand stored in the prescribed registers (not shoWn) to the 
bus 15. Although the internal source address of 18 bits and 
the internal read command are provided in common to the 
?ash memory chips 2-0 to 2-3 via the bus 15, they are only 
valid for the ?ash memory chip 2-0 because the chip 
selection signal #0 is in the active state While the other the 
chip selection signals #1 to #3 are in the inactive state. 












