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MEMORY BLOCK ERASING IN A FLASH 
MEMORY DEVICE 

TECHNICAL FIELD OF THE INVENTION 

[0001] This application is a Divisional of US. patent 
application Ser. No. 11/126,682, ?led May 11, 2005 and 
titled, “MEMORY BLOCK ERASING IN A FLASH 
MEMORY DEVICE,” Which is commonly assigned and 
incorporated by reference in its entirety herein. 

BACKGROUND OF THE INVENTION 

[0002] Memory devices are typically provided as internal, 
semiconductor, integrated circuits in computers or other 
electronic devices. There are many different types of 
memory including random-access memory (RAM), read 
only memory (ROM), dynamic random access memory 
(DRAM), synchronous dynamic random access memory 
(SDRAM), and ?ash memory. 

[0003] A ?ash memory is a type of memory that can be 
erased and reprogrammed in blocks instead of one byte at a 
time. A typical ?ash memory comprises a memory array, 
Which includes a large number of memory cells. Each of the 
memory cells includes a ?oating gate ?eld-effect transistor 
capable of holding a charge. The cells are usually grouped 
into blocks. Each of the cells Within a block can be electri 
cally programmed in a random basis by charging the ?oating 
gate. The data in a cell is determined by the presence or 
absence of the charge in the ?oating gate. The charge can be 
removed from the ?oating gate by a block erase operation. 

[0004] FIG. 1 illustrates a typical prior art erase operation 
for a block of ?ash memory. The memory block is ?rst 
pre-programmed 101 before an erase operation is per 
formed. The memory block is then erased 103. An erase 
verify read is then performed 105. If the verify operation 
fails, the erase operation is performed 103. If the erase verify 
passes, the erase operation has been successfully completed 
107. 

[0005] The memory array to be erased is pre-programmed 
in order to reduce the chances of the cells going into a 
depletion mode. As the cells in a ?ash memory device get 
erased, they may get erased to the point Where they go into 
depletion and conduct current even When those cells have a 
gate voltage of 0 V. This affects the reading of all other cells 
in their respective columns. By pre-programming the 
memory, the cells start from a knoWn, programmed state and 
are therefore less likely to go into an overerased depletion 
state. 

[0006] The erase operation is conducted to erase the cells 
to at least a minimum voltage level. FIG. 2 illustrates a 
simpli?ed schematic diagram of a ?ash memory block 
undergoing a typical prior art erase operation. The drain and 
source connections of the bit lines are all left ?oating (F) as 
are the select gate drain transistors and the select gate source 
transistors. The Word lines of the block to be erased are at 
ground potential. The dotted lines indicate the memory cells 
that are selected during this operation. 

[0007] The erase verify operation is performed in order to 
determine the success of the erase operation on each cell of 
the memory block. A simpli?ed schematic diagram of a ?ash 
memory block undergoing a typical prior art erase verify 
operation is illustrated in FIG. 3. The erase verify operation 
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comprises, at least in part, comparing each cell’s erase 
current to a sense ampli?er reference current level. During 
this operation, all of the Word lines of the block are held at 
0V While the selected bit lines 301, 302 are biased at VCC. 
A 0V pulse is applied to the unselected bit lines 303. The 
select gate drain and source transistors are typically at 4.5V 
that is typically referred to in the art as Vpass. The dotted 
lines of FIG. 3 indicate the selected memory cells during 
this operation. 

[0008] FIG. 16 shoWs yet another erase verify operation. 
This operation biases the Word lines of the block at 0V While 
the bit lines are biased at 0V. The select gate drain and source 
transistors are typically at Vpass of 4.5V. The source line is 

at VCC. 

[0009] If a column of cells has only one unerased cell after 
an erase verify, the prior art erase operation applies addi 
tional erase pulses to the entire column. This can overstress 
memory cells in the column that are already erased and do 
not require additional erase pulses. The overstressing of the 
cells can increase their failure rate. 

[0010] For the reasons stated above, and for other reasons 
stated beloW Which Will become apparent to those skilled in 
the art upon reading and understanding the present speci? 
cation, there is a need in the art for an erase algorithm that 
reduces the overstressing of memory cells in a ?ash memory 
device. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0011] FIG. 1 shoWs a ?oWchart of a typical prior art erase 
and verify operation. 

[0012] FIG. 2 shoWs a simpli?ed schematic diagram of a 
typical prior art ?ash memory array during an erase opera 
tion. 

[0013] FIG. 3 shoWs a simpli?ed schematic diagram of a 
typical prior art ?ash memory array during an erase verify 
read operation. 

[0014] FIG. 4 shoWs a simpli?ed diagram of a ?ash 
memory array of the present invention. 

[0015] FIG. 5 shoWs a ?oWchart of one embodiment of a 
method of the present invention for an erase and verify 
operation. 

[0016] FIG. 6 shoWs a simpli?ed schematic diagram of 
the ?ash memory array during a normal read operation of the 
present invention. 

[0017] FIG. 7 shoWs a simpli?ed schematic diagram of 
the ?ash memory array during a selective erase operation of 
the present invention. 

[0018] FIG. 8 shoWs a ?oWchart of another embodiment 
of a method of the present invention for an erase and verify 
operation. 

[0019] FIG. 9 shoWs a ?oWchart of another embodiment 
of a method of the present invention for an erase and verify 
operation. 
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[0020] FIG. 10 shows a simpli?ed schematic diagram of 
the ?ash memory array during a special page erase verify 
read operation of the present invention. 

[0021] FIG. 11 shows a ?owchart of another embodiment 
of a method of the present invention for an erase and verify 
operation. 
[0022] FIG. 12 shows a ?owchart of another embodiment 
of a method of the present invention for an erase and verify 
operation. 
[0023] FIG. 13 shows a ?owchart of another embodiment 
of a method of the present invention for an erase and verify 
operation. 

[0024] FIG. 14 shows a ?owchart of another embodiment 
of a method of the present invention for an erase and verify 
operation. 

[0025] FIG. 15 shows a block diagram of one embodi 
ment of an electronic system of the present invention. 

[0026] FIG. 16 shows a simpli?ed schematic diagram of 
a typical prior art ?ash memory array during an erase verify 
read operation. 

DETAILED DESCRIPTION 

[0027] In the following detailed description of the inven 
tion, reference is made to the accompanying drawings that 
form a part hereof, and in which is shown, by way of 
illustration, speci?c embodiments in which the invention 
may be practiced. In the drawings, like numerals describe 
substantially similar components throughout the several 
views. These embodiments are described in su?icient detail 
to enable those skilled in the art to practice the invention. 
Other embodiments may be utiliZed and structural, logical, 
and electrical changes may be made without departing from 
the scope of the present invention. The following detailed 
description is, therefore, not to be taken in a limiting sense, 
and the scope of the present invention is de?ned only by the 
appended claims and equivalents thereof. 

[0028] FIG. 4 illustrates a simpli?ed schematic diagram 
of one embodiment for a NAND ?ash memory array of the 
present invention. The memory array of FIG. 4, for purposes 
of clarity, does not show all of the elements typically 
required in a memory array. For example, only three bit lines 
are shown (BL1, BL2, and BL3) when the number of bit 
lines required actually depends upon the memory density. 
The bit lines are subsequently referred to as (BLl-BLN). 

[0029] The array is comprised of an array of ?oating gate 
cells 401 arranged in series columns 403, 404, 405. Each of 
the ?oating gate cells 401 are coupled drain to source in each 
series chain 403, 404, 405. A word line (WLO-WL31) that 
spans across multiple series strings 403, 404, 405 is coupled 
to the control gates of every ?oating gate cell in a row in 
order to control their operation. The bit lines (BLl-BLN) are 
eventually coupled to sense ampli?ers (not shown) that 
detect the state of each cell. 

[0030] In operation, the word lines (WLO-WL31) select 
the individual ?oating gate memory cells in the series chain 
403, 404, 405 to be written to or read from and operate the 
remaining ?oating gate memory cells in each series string 
403, 404, 405 in a pass through mode. Each series string 
403, 404, 405 of ?oating gate memory cells is coupled to a 
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source line 406 by a source select gate 415, 416, 417 and to 
an individual bit line (BLl-BLN) by a drain select gate 411, 
412, 413. The source select gates 415, 416, 417 are con 
trolled by a source select gate control line SG(S) 418 
coupled to their control gates. The drain select gates 411, 
412, 413 are controlled by a drain select gate control line 
SG(D) 414. 
[0031] Each cell can be programmed as a single bit per cell 
(i.e., single level celliSLC) or multiple bits per cell (i.e., 
multilevel celliMLC). Each cell’s threshold voltage (Vt) 
determines the data that is stored in the cell. For example, in 
a single bit per cell, a Vt of 0.5V might indicate a pro 
grammed cell while a Vt of —0.5V might indicate an erased 
cell. The multilevel cell may have multiple Vt windows that 
each indicate a different state. Multilevel cells take advan 
tage of the analog nature of a traditional ?ash cell by 
assigning a bit pattern to a speci?c voltage range stored on 
the cell. This technology permits the storage of two or more 
bits per cell, depending on the quantity of voltage ranges 
assigned to the cell. 

[0032] During a typical prior art programming operation, 
the selected word line for the ?ash memory cell to be 
programmed is biased with a series of programming pulses 
starting at a predetermined voltage (e.g., approximately 
16V) and incrementing until the cell is programmed or a 
maximum program voltage is reached. 

[0033] A typical prior art veri?cation operation with a 
word line voltage of 0V is then performed to determine if the 
?oating gate is at the proper voltage (e.g., 0.5V). The 
unselected word lines for the remaining cells are typically 
biased at a voltage that is less than the programming voltage 
(e.g., approximately 10V) during the program operation. In 
one embodiment, the unselected word line voltages can be 
any voltage above ground potential. Each of the memory 
cells is programmed in a substantially similar fashion. 

[0034] A memory array of the present invention is broken 
down into memory blocks. The quantity of memory blocks 
is typically determined by the siZe of the memory device 
(i.e., 512 MB, 1 GB). In one embodiment, each memory 
block is comprised of 64 pages. 

[0035] FIG. 5 illustrates a ?owchart of one embodiment 
of the erase and verify operation of the present invention. 
The erase operation is initially performed 500 on the 
memory block as described previously. 

[0036] An erase verify read operation 501 is then per 
formed to determine whether any of the memory cells of the 
memory block remain programmed. The erase verify opera 
tion comprises, at least in part, of comparing each memory 
array column erase current to a sense ampli?er reference 
current level (ISref) of 30 uA. Alternate embodiments may 
use other current thresholds for comparison. If the erase 
verify operation 501 passes, each cell of the block has been 
successfully erased and the erase and verify operation of the 
present invention has been completed 509. 

[0037] If the erase verify read operation 501 has failed, at 
least one memory cell of the block has not been successfully 
erased. It should be determined which memory cell or cells 
have yet to be erased. This is accomplished by performing 
a normal memory read operation, instead of a verify read, of 
all the pages 505 of the memory block. In one embodiment, 
the normal read operation is performed for a normal time 
period of 10 us. 



US 2006/0262606 A1 

[0038] As illustrated in FIG. 3, a typical prior art verify 
read operation biases all of the Word lines of the memory 
block at 0V. The selected bit lines are then biased at VCC and 
the unselected bit lines at 0V. This makes it di?icult if not 
impossible to determine Which cell has not been erased since 
entire strings of cells are enabled. 

[0039] The normal read operation 505 of the present 
invention biases only a select Word line at a read potential 
such as 0V. In one embodiment, the method begins at the 
bottom of the array at W0 and increases upWard through the 
memory block to W31. Each Word line is read tWice since 
only alternate bit lines are enabled for each read. This 
operation is illustrated in FIG. 6. 

[0040] FIG. 6 illustrates a simpli?ed schematic diagram 
of the ?ash memory array during a normal read operation of 
the present invention. This ?gure shoWs that W0 has been 
selected and, therefore, biased at ground potential. Bit lines 
1 and 3 are selected and, therefore, biased at a precharge 
voltage (e.g., 0V to VCC) While bit line 2 is biased at ground 
potential. This has the effect of selecting the circled memory 
cells 601, 603. This is repeated until all of the Word lines of 
the block have been read tWice. The sense ampli?er can thus 
determine Which cell(s) of each roW have not been success 
fully erased. 

[0041] In the embodiment of FIG. 6, the unselected Word 
lines, the select gate drain, and the select gate source are 
biased at VPASS. In one embodiment, this voltage is 4.5V. 
Alternate embodiments can use other voltages. 

[0042] Referring again to FIG. 5, a selective erase opera 
tion 507 is then performed on those Word lines in Which 
un-erased cells are present. This operation is illustrated in 
greater detail in FIG. 7. 

[0043] For purposes of illustration, it is assumed that tWo 
memory cells 701, 702 have not been erased. In this case, 
only the tWo Word lines to Which the un-erased cells 701, 
702 are connected require a second erase operation. There 
fore, only the cells 701-706 in those roWs experience more 
erase operations than are necessary to fully erase the 
memory block. The remainder of the Word lines are left 
?oating as are the bit lines and the select gate lines. 

[0044] After the selective erase operation 507, the erase 
verify operation 501 is again performed to determine if any 
cells are still programmed. If all of the cells are erased, the 
method is completed 509. Otherwise, the method repeats as 
necessary to completely erase all of the cells in the block. 

[0045] FIG. 8 illustrates a ?owchart of an alternate 
embodiment of the erase and veri?cation method of the 
present invention. This embodiment is similar to the 
embodiment of FIG. 5 except that the erase veri?cation is 
performed only for a limited number of times before an erase 
failure is declared. 

[0046] The embodiment starts With an erase operation 800 
as described previously. The erase verify operation 801 is 
then performed. If the veri?cation determines that all of the 
cells have been successfully erased, the method has been 
successfully completed 811. If one or more cells are not 
erased, the erase verify 801 has failed. 

[0047] In this case, it is determined if the memory block 
has been veri?ed a predetermined quantity of times 803. In 
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one embodiment, the predetermined quantity of times is ?ve. 
HoWever, the present invention is not limited to this number 
of veri?cations. 

[0048] If less than the predetermined quantity of veri?ca 
tions has been performed 803, a normal read of all the pages 
is done 807. As in the previous embodiment, this determines 
Which roWs need to go through a selective erase operation 
809. If the selective erase operation has not successfully 
erased the un-erased cells and the quantity of erase veri? 
cations is noW greater than the maximum threshold of 
alloWed veri?cations, the erase operation is ?agged as a 
failure 805. This may comprise indicating to the algorithm 
that initiated the erase and verify operation that a cell is 
defective so that the particular column coupled to the 
defective cell can be avoided in future operations. 

[0049] FIG. 9 illustrates yet another embodiment of the 
erase and veri?cation method of the present invention. This 
embodiment uses a special page erase verify read operation 
in addition to the above-described steps. 

[0050] The method starts When an erase operation is 
performed 901. An erase verify operation 903 is performed 
to determine Which cell or cells are still programmed. If all 
of the cells pass the erase veri?cation step 903, the method 
has been successfully completed 915. 

[0051] If one or more cells are not erased as determined by 
the erase veri?cation step 903, the quantity of erase veri? 
cations that have been performed is compared to a maximum 
veri?cation operation threshold. If the erase veri?cation 
threshold has been reached, an erase failure has occurred 
907. In one embodiment, the threshold is ?ve times. HoW 
ever, the present invention is not limited to any one quantity 
of erase veri?cations. 

[0052] If the number of erase veri?cations performed is 
still less than the maximum threshold, a special erase verify 
read operation is performed. This operation is shoWn in 
greater detail With reference to FIG. 10. 

[0053] FIG. 10 illustrates a simpli?ed schematic diagram 
of the ?ash memory array during a special page erase verify 
read operation of the present invention. This operation is 
comprised of each unselected Word line being biased at 
ground potential. The selected bit lines are biased at VCC 
While the unselected bit lines are biased at ground potential. 
The select gate drain and select gate source lines are biased 
at VPASS (e.g., 4.5V). 
[0054] The selected Word lines of this embodiment are 
biased at some voltage, V1, that is less than VPASS and 
greater than 0V. In one embodiment, this voltage is 1V. 
HoWever, the present invention is not limited to any one 
voltage level for V1. 

[0055] Referring again to FIG. 9, a selective erase opera 
tion 911 is performed in order to attempt erasure of the 
programmed cells. As in previous embodiment, the selective 
erase step selects only those Word lines to Which pro 
grammed cells are connected. The special erase verify read 
operation 909 and selective erase operation 911 are repeated 
until either the cells of the memory block are erased or an 
erase failure 907 occurs. 

[0056] FIG. 11 illustrates a ?oWchart of yet another 
embodiment of the erase and verify method of the present 
invention. This embodiment utiliZes different times for the 
erase verify read operations. 
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[0057] The erase operation is performed 1100 in order to 
erase the memory block. An erase verify read operation is 
then performed 1101 to determine if any of the memory cells 
in the block are still programmed. This erase verify read 
operation is comprised of a shorter read operation than 
normal. A normal read operation is approximately 10 us. In 
one embodiment, the short erase verify read operation of the 
present invention is 5 us but any time less than the normal 
read operation time could also work. The shorter read time 
is able to detect erase failures easier than longer read times 
since the shorter times can detect smaller margins. 

[0058] If all of the memory cells have been erased, the 
erase and verify operation has been successfully completed 
1109. If programmed memory cells were detected by the 
short erase verify read operation 1101, another erase opera 
tion is performed 1105. An erase verify read operation with 
a normal read time is then performed 1107. The erase and 
verify operation is then completed 1109. 

[0059] The normal and short erase verify read times as 
described in this and other embodiments of the present 
invention are for purposes of illustration only. The present 
invention is not limited to 10 us for the normal read time and 
5 us for the short read time. The only limitation is that the 
short read time is performed in less time than the normal 
read time. 

[0060] FIG. 12 illustrates a ?owchart of another embodi 
ment of a method of the present invention for the erase and 
verify operation. The erase operation is performed 1201 to 
erase the memory cells of the memory block. An erase verify 
with a short read time is then performed 1203. If this 
operation passes, all of the memory cells in the block have 
been successfully erased and the operation ends 1209. 

[0061] If the erase verify with short read operation has 
failed, programmed cells remain in the block and an erase 
operation is then performed 1205. An erase verify with a 
normal verify read operation is then done 1207 to determine 
if the erase operation 1205 was successful. If not, the erase 
operation 1205 and normal verify read operation 1207 are 
repeated until the programmed cells are erased and the 
verify 1207 passes. 

[0062] FIG. 13 illustrates a ?owchart of yet another 
embodiment of a method of the present invention for the 
erase and verify operation. The erase operation is performed 
1301 to erase the memory block. An erase verify operation 
with short read time 1303 is then performed to determine 
which, if any, of the memory cells are still programmed. If 
none are still programmed, the operation has been com 
pleted 1311. 

[0063] If one or more memory cells are programmed 
1303, the number of erase verify operations is compared to 
a threshold 1305 of maximum erase verify operations to 
perform. In one embodiment, this threshold is ?ve times. 
However, the present invention is not limited to any one 
quantity of erase verify operations. 

[0064] If the threshold of erase veri?es has been met or 
exceeded, the erase operation has been a failure 1313. If the 
threshold has not been met 1305, a normal memory read 
operation is performed 1307 on all of the pages of the 
memory block. As discussed previously, the normal memory 
read operation is different from the verify read operation in 
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that only a selected word line is biased at ground potential 
instead of all of the word lines as done in a verify read. 

[0065] A selective erase operation 1309 is then performed 
on each row that was found to contain a memory cell that is 
still programmed. The method then repeats from performing 
the erase verify operation with a short read time 1303 until 
either the memory cell or cells have been erased or the 
threshold for maximum quantity of veri?es to be performed 
has been met or exceeded. 

[0066] FIG. 14 illustrates a ?owchart of still another 
embodiment of a method of the present invention for the 
erase and verify operation. The erase operation is performed 
1401 to erase the memory cells of the block. An erase verify 
operation with a short read time is then performed 1403 to 
?nd any remaining cells that are still programmed. If all cells 
have been programmed, the operation has been successfully 
completed 1415. 

[0067] If one or more cells have been found to be still 
programmed, the number of verify operations performed is 
compared to a threshold for maximum quantity of verify 
operations 1405. In one embodiment, this threshold is ?ve 
time but alternate embodiments can use other thresholds. 

[0068] If the number of verify operations performed has 
met or exceeded this threshold 1405, an erase failure 1407 
has occurred. If the number of verify operations has not been 
met, a normal read operation is performed on all of the pages 
of the memory block 1409 to ?nd the particular cells that are 
still programmed. 

[0069] A selective erase operation is then performed 1411 
on the word lines coupled to the cells that are still pro 
grammed. An erase verify operation with a normal memory 
read operation is then performed 1413. If this erase verify 
passes, the method has been successfully completed 1415. If 
the erase verify operation 1413 ?nds that one or more cells 
are still un-erased, the method repeats from performing the 
normal read operation on all of the pages 1409 until either 
the cells are erased or an erase failure has occurred 1407. 

[0070] FIG. 15 illustrates a functional block diagram of a 
memory device 1500 of one embodiment of the present 
invention that is coupled to a processor 1510. The processor 
1510 may be a microprocessor, a processor, or some other 
type of controlling circuitry. The memory device 1500 and 
the processor 1510 form part of an electronic system 1520. 
The memory device 1500 has been simpli?ed to focus on 
features of the memory that are helpful in understanding the 
present invention. 

[0071] The memory device includes an array of memory 
cells 1530. In one embodiment, the memory cells are 
non-volatile ?oating-gate memory cells and the memory 
array 1530 is arranged in banks of rows and columns. 

[0072] An address buffer circuit 1540 is provided to latch 
address signals provided on address input connections 
A0-Ax 1542. Address signals are received and decoded by 
a row decoder 1544 and a column decoder 1546 to access the 

memory array 1530. It will be appreciated by those skilled 
in the art, with the bene?t of the present description, that the 
number of address input connections depends on the density 
and architecture of the memory array 1530. That is, the 
number of addresses increases with both increased memory 
cell counts and increased bank and block counts. 
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[0073] The above-described embodiments have focused 
on a NAND architecture memory array. However, the 
present invention is not limited to this architecture. The 
embodiments of the memory block erase method of the 
present invention can be used in any architecture of memory 
device (e.g., NAND, NOR, AND). 

[0074] The memory device 1500 reads data in the memory 
array 1530 by sensing voltage or current changes in the 
memory array columns using sense/latch circuitry 1550. The 
sense/latch circuitry, in one embodiment, is coupled to read 
and latch a roW of data from the memory array 1530. Data 
input and output buffer circuitry 1560 is included for bi 
directional data communication over a plurality of data 
connections 1562 With the controller 1510). Write circuitry 
1555 is provided to Write data to the memory array. 

[0075] Control circuitry 1570 decodes signals provided on 
control connections 1572 from the processor 1510. These 
signals are used to control the operations on the memory 
array 1530, including data read, data Write, and erase opera 
tions. In one embodiment, the control circuitry 1570 
executes the erase methods of the present invention. The 
control circuitry 1570 may be a state machine, a sequencer, 
or some other type of controller. 

[0076] The ?ash memory device illustrated in FIG. 15 has 
been simpli?ed to facilitate a basic understanding of the 
features of the memory. A more detailed understanding of 
internal circuitry and functions of ?ash memories are knoWn 
to those skilled in the art. 

CONCLUSION 

[0077] In summary, an improved erase process of the 
present invention reduces the overerase stress experienced 
by ?ash memory cells. This increases the reliability and 
lifespan of the memory device. 

[0078] Although speci?c embodiments have been illus 
trated and described herein, it Will be appreciated by those 
of ordinary skill in the art that any arrangement that is 
calculated to achieve the same purpose may be substituted 
for the speci?c embodiments shoWn. Many adaptations of 
the invention Will be apparent to those of ordinary skill in the 
art. Accordingly, this application is intended to cover any 
adaptations or variations of the invention. It is manifestly 
intended that this invention be limited only by the folloWing 
claims and equivalents thereof. 

What is claimed is: 
1. A method for erasing a memory block having a plurality 

of memory cells organiZed in columns and roWs, the method 
comprising: 

performing an erase operation on the memory block; 

performing an erase verify read operation on the memory 
block; 

if one or more of the plurality of memory cells is 
unerased, performing a selective memory read opera 
tion of the memory block to determine Which of the 
plurality of memory cells is unerased; and 

performing a selective erase operation on the unerased 
memory cells. 

2. The method of claim 1 Wherein the erase operation 
comprises biasing each roW at 0V. 
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3. The method of claim 2 Wherein the erase operation 
further comprises ?oating the columns of the memory block. 

4. The method of claim 1 Wherein the memory block is a 
non-volatile memory block. 

5. The method of claim 1 Wherein the memory block is 
comprised of a NAND architecture. 

6. The method of claim 1 Wherein the erase verify 
operation comprises comparing each memory array column 
erase current to a sense ampli?er reference current level. 

7. The method of claim 6 Wherein the sense ampli?er 
reference current level is substantially equal to 30 [LA 

8. A method for erasing a ?ash memory block having a 
plurality of memory cells organiZed in columns and roWs, 
the method comprising: 

performing an erase operation on the memory block; 

performing an erase verify read operation on the memory 
block; 

if the erase verify read operation fails, determining if a 
maximum threshold of erase verify read operations 
have been performed; 

if the maximum threshold has not been achieved, deter 
mining Which roWs comprise unerased memory cells; 
and 

performing a selective erase operation on each roW com 
prising unerased memory cells. 

9. The method of claim 8 Wherein determining Which 
roWs comprise unerased memory cells comprises perform 
ing a memory read of each roW of the ?rst memory block. 

10. The method of claim 8 and further including indicat 
ing an erase operation failure. 

11. The method of claim 8 Wherein determining Which 
roWs comprise unerased memory cells comprises biasing 
each roW in turn With a predetermined voltage. 

12. A method for erasing a ?ash memory block having a 
plurality of memory cells organiZed in columns and roWs, 
the method comprising: 

performing an erase operation on the memory block; 

performing a ?rst erase verify read operation on the 
memory block, the ?rst erase verify read operation 
having a ?rst read time; 

if the ?rst erase verify read operation fails, performing the 
erase operation on the memory block; and 

performing a second erase verify read operation on the 
memory block, the second erase verify read operation 
having a second read time that is greater than the ?rst 
read time. 

13. The method of claim 12 Wherein the second read time 
is 10 us and the ?rst read time is a predetermined time that 
is less than 10 us. 

14. The method of claim 12 Wherein the ?rst read time is 
5 us. 

15. The method of claim 12 and further including repeat 
ing the erase operation and the second erase verify read 
operation until the second erase verify read operation passes. 

16. A method for erasing a ?ash memory block having a 
plurality of memory cells organiZed in columns and roWs, 
the method comprising: 
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performing an erase operation on the memory block; 

performing an erase verify read operation on the memory 
block, the erase verify read operation having a ?rst read 
time; 

if the erase verify read operation fails and a maximum 
quantity of erase verify read operations have not been 
performed, performing a memory read operation on the 
memory block to determine unerased memory cells, the 
memory read operation having a second read time that 
is greater than the ?rst read time; and 

performing a selective erase operation on the memory 
block such that only roWs comprising the unerased 
memory cells undergo the erase operation. 

17. The method of claim 16 and further including indi 
cating an erase failure if the maximum quantity of erase 
verify read operations have been performed. 

18. The method of claim 17 and further including repeat 
ing the method from performing the erase verify read 
operation until either an erase failure is indicated or the 
plurality of memory cells are all erased. 

19. A method for erasing a ?ash memory block having a 
plurality of memory cells organiZed in columns and roWs, 
the method comprising: 
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performing an erase operation on the memory block; 

performing a ?rst erase verify read operation on the 
memory block, the ?rst erase verify read operation 
having a ?rst read time; 

if the ?rst erase verify read operation fails and a maximum 
quantity of verify read operations have not been per 
formed, performing a memory read operation on the 
memory block to determine unerased memory cells; 

performing a selective erase operation on the memory 
block such that only roWs comprising the unerased 
memory cells undergo the erase operation; 

performing a second erase verify read operation, the 
second erase verify read operation having a second read 
time that is greater than the ?rst read time. 

20. The method of claim 19 and further including: 

indicating an erase failure if the maximum quantity of 
erase verify read operations have been performed; and 

repeating the method from performing the memory read 
operation until either the erase failure is indicated or the 
plurality of memory cells are erased. 

* * * * * 


