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(57) ABSTRACT 
A NAND flash memory device detects the occurrence of 
Cell Voltage Distribution Disruption Events (CVDDEs), 
such as a Partial Block Program (PBP) and Program-Read 
Immediate (PRI), and provides a way to dynamically adjust 
read voltage to account for CVDDEs. A read command 
includes extended addressing bits that are used when a 
CVDDE has occurred to access registers that indicate an 
adjustment to read voltage that is needed to accommodate 
the CVDDE. The read voltage is then dynamically adjusted 
to accommodate the CVDDE. When the CVDDE is no 
longer an issue, the read voltage is adjusted to its previous 
value before the CVDDE. 
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DYNAMICALLY ADJUSTING READ 
VOLTAGE IN ANAND FLASH MEMORY 

BACKGROUND 

0001 1. Technical Field 
0002 This disclosure generally relates to flash memory, 
and more specifically relates to dynamically adjusting read 
voltage in a NAND flash memory. 
0003 2. Background Art 
0004 Flash memory is a particular type of non-volatile 
storage, meaning flash memory does not required power to 
retain data. NAND flash memory is a particular type of flash 
memory that defines blocks of data that can be written 
without writing the entire memory. While NOR flash 
memory typically provides the capability of writing much 
smaller blocks, even down to the byte level, NAND flash 
memory provides much greater density and therefore less 
cost per bit when compared to NOR flash memory. NAND 
flash memory has become very popular in applications such 
as MP3 audio players, digital cameras, and universal serial 
bus (USB) drives. 
0005. There are different types of NAND flash memory 
according to the storage capability of each flash memory 
cell. Single-Level per Cell (SLC) can store two distinct 
states per cell. Multi-Level per Cell (MLC) can store four 
distinct states per cell. Three-Level per Cell (TLC) can store 
eight distinct states per cell. The states of the cell are a 
function of Voltage stored on the floating gates of the cell. 
Thus, a MLC NAND flash memory can store four distinct 
Voltage levels on a cell that are each interpreted as values of 
two bits in the memory. 

SUMMARY 

0006 A NAND flash memory device detects the occur 
rence of Cell Voltage Distribution Disruption Events (CVD 
DEs), such as a Partial Block Program (PBP) and Program 
Read-Immediate (PRI), and provides a way to dynamically 
adjust read voltage to account for CVDDEs. A read com 
mand includes extended addressing bits that are used when 
a CVDDE has occurred to access registers that indicate an 
adjustment to read voltage that is needed to accommodate 
the CVDDE. The read voltage is then dynamically adjusted 
to accommodate the CVDDE. When the CVDDE is no 
longer an issue, the read voltage is adjusted to its previous 
value before the CVDDE. 
0007. The foregoing and other features and advantages 
will be apparent from the following more particular descrip 
tion, as illustrated in the accompanying drawings. 

BRIEF DESCRIPTION OF THE DRAWING(S) 
0008. The disclosure will be described in conjunction 
with the appended drawings, where like designations denote 
like elements, and: 
0009 FIG. 1 is a block diagram of a NAND flash 
memory that dynamically adjusts read voltage to account for 
Cell Voltage Distribution Disruption Events (CVDDEs); 
0010 FIG. 2 is a graph showing read voltage in a 
Multi-Level per Cell (MLC) NAND flash memory where 
four different voltage levels are interpreted as two bits in the 
flash memory; 
0011 FIG. 3 is a graph illustrating how CVDDEs can 
cause a shift in read voltage; 
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0012 FIG. 4 is a flow diagram of a method for deter 
mining and storing shift values for read voltage in a NAND 
flash memory device: 
0013 FIG. 5 is a flow diagram of a method for shifting 
values for read voltage to account for wear in a NAND flash 
memory device; 
0014 FIG. 6 is a flow diagram of a method for adjusting 
read voltage in a NAND flash memory device; 
(0015 FIG. 7 is a flow diagram of a method for deter 
mining when a page read command accesses a region of the 
NAND flash memory that is marked as having a CVDDE, 
and in response, executing a page read with extended 
addressing: 
0016 FIG. 8 is a block diagram showing one suitable 
example of a CVDDE occurrence table; 
0017 FIG. 9 is a block diagram showing one suitable 
example of a CVDDE V configuration table; 
0018 FIG. 10 is a block diagram showing one specific 
example of a Partial Block Program (PBP); 
0019 FIG. 11 shows a page read command that does not 
include a CVDDE offset (extended addressing); 
0020 FIG. 12 shows a page read command that includes 
a CVDDE offset (extended addressing) that identifies a first 
CVDDE register that contains an appropriate read voltage or 
adjustment to the read voltage to account for the CVDDE; 
0021 FIG. 13 shows a page read command that includes 
a CVDDE offset (extended addressing) that identifies a 
second CVDDE register that contains an appropriate read 
voltage or adjustment to the read voltage to account for the 
CVDDE; and 
0022 FIG. 14 is a flow diagram of a method for adjusting 
both read voltage shift values and CVDDE values according 
to wear of a NAND flash memory device. 

DETAILED DESCRIPTION 

0023 The disclosure and claims herein relate to a NAND 
flash memory device that detects the occurrence of Cell 
Voltage Distribution Disruption Events (CVDDEs), such as 
a Partial Block Program (PBP) and Program-Read-Imme 
diate (PRI), and provides a way to dynamically adjust read 
voltage to account for CVDDEs. A read command includes 
extended addressing bits that are used when a CVDDE has 
occurred to access registers that indicate an adjustment to 
read voltage that is needed to accommodate the CVDDE. 
The read voltage is then dynamically adjusted to accommo 
date the CVDDE. When the CVDDE is no longer an issue, 
the read voltage is adjusted to its previous value before the 
CVDDE. 

(0024. Referring to FIG. 1, a NAND flash memory 100 in 
accordance with the disclosure and claims herein includes a 
memory array 102 that includes plurality of memory cells 
110 organized into a plurality of pages 112, shown in FIG. 
1 as Page1 through Page15, ... PageN. AV adjustment 
mechanism 120 dynamically adjusts the read voltage 
according to values stored in V shift registers 122 and 
CVDDE registers 124. The values stored in the V shift 
registers 122 are values that shift V, to account for wear 
and differences in memory cells on the device. The values 
stored in the CVDDE registers 124 are values that shift 
V to account for CVDDEs. The values stored in the 
CVDDE registers 124 are typically many times greater than 
the values stored in the V shift registers 122, but are at 
least twice the minor adjustments to V. Stored in the 
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V shift registers 122 that account for wear or differing 
characteristics of memory cells across the device. 
0.025 The V adjustment mechanism 120 can make 
an adjustment to read voltage as a result of the page read 
decoder 126 processing a page read command 180 that 
includes an address 182 and a CVDDE offset 184. When the 
page read command 180 does not have a CVDDE offset 184 
or when the page read command 180 has a CVDDE offset 
184 with a null value, no additional adjustment to read 
Voltage due to CVDDE is performed by the V adjust 
ment mechanism 120. When a page read command 180 
includes a CVDDE offset 184 that is not null, the CVDDE 
offset 184 identifies one of the CVDDE registers 124 the 
V, adjustment mechanism 120 uses to adjust read volt 
age. Note the magnitude of adjustments needed due to 
CVDDEs is significantly greater than the magnitude of 
adjustments needed due to wear or differences in memory 
cells, typically many times greater. Thus, the CVDDE 
registers 124 preferably contain adjustments to V, that 
are many times greater in magnitude than the adjustments to 
V in the V shift registers 122. The values in the 
CVDDE registers 124 preferably include adjustments to 
V that are at least twice the magnitude of values in the 
V. shift registers 122. 
0026. A memory controller 130 includes an error correc 
tion mechanism 140, a CVDDE detection mechanism 150, 
a V management mechanism 160, a page read com 
mand generator 170 and a CVDDE V configuration 
table 190. The error correction mechanism 140 checks data 
read from the memory cells 110 to determine whether the 
data contains any errors. When the data contains errors, the 
error correction mechanism 140 takes corrective action to 
correct errors in the data. Any suitable type of error detection 
and error correction could be performed by the error cor 
rection mechanism 140. The CVDDE detection mechanism 
150 detects occurrence of Cell Voltage Distribution Disrup 
tion Events (CVDDEs), and logs the location of the CVDDE 
occurrence in a CVDDE occurrence table 152. Examples of 
known CVDDEs include a Partial Block Program (PBP) and 
Program-Read-Immediate (PRI). A partial block program 
occurs when part but not all of a defined block in the flash 
memory device is programmed. A Program-Read-Immedi 
ate occurs when a memory cell is programmed, then imme 
diately followed by a read. Programming a memory cell 
requires some time for the charge on the floating gate to 
become evenly distributed on the floating gate. Reading 
immediately after programming can result in reading before 
the charge is evenly distributed on the floating gate, which 
thus requires a different value of V for a read immedi 
ately after programming than a normal read. A CVDDE is 
broadly defined herein to mean any event or condition that 
can cause a needed adjustment to V, that is more than 
twice than the minor adjustments to V, due to wear or 
differing characteristics of memory cells across the device. 
The disclosure and claims herein expressly extend to any 
CVDDE, whether currently known or discovered in the 
future. 

0027. The V, management mechanism 160 programs 
the V, shift registers 122 and CVDDE registers 124 with 
appropriate values so the V, adjustment mechanism 120 
can make the needed adjustments to read voltage based on 
the values stored in the V shift registers 122 and 
CVDDE registers 124. The page read command generator 
170 generates page read commands 180 that include an 
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address 182 and may optionally include a CVDDE offset 
184. The CVDDE offset 184 is considered an extended 
address. When the CVDDE detection mechanism 150 
detects the occurrence of a CVDDE, the page read command 
generator 170 generates a page read command 180 that 
includes a CVDDE offset 184 that identifies which CVDDE 
register 124 to use for the page read command. When the 
page read command decoder 126 receives the page read 
command 180 from the memory controller 130, it reads the 
CVDDE offset 184. The V, adjustment mechanism 120 
then knows to apply the adjustment to the read voltage 
specified in the CVDDE register 124 identified in the 
CVDDE Offset 184. 

(0028. The CVDDE offset 184 can be missing for page 
reads that do not need a CVDDE adjustment to V. In 
the alternative, the CVDDE offset 184 can be present for all 
page reads, with some defined value. Such as all Zeroes or all 
ones, defining a null value that represents no adjustment to 
V is needed, while other non-null values represent an 
adjustment that needs to be made to V, due to a 
CVDDE. In one specific implementation, the CVDDE offset 
184, when not null, references one of the CVDDE registers 
124. The CVDDE offset 184 is determined by reading the 
CVDDEV configuration table 190. Thus, when a page 
read command is received by the memory controller 130, the 
memory controller 130 checks the CVDDE occurrence table 
152 to determine whether the address referenced in the page 
read command has been affected by a CVDDE, and when it 
has, the memory controller 130 reads the CVDDE V. 
configuration table 190 to determine which CVDDE register 
124 corresponds to the address of the page read command. 
The page read command generator 170 then generates a 
page read command 180 with the address 182 and the 
appropriate CVDDE register 124 specified in the CVDDE 
offset 184. In this manner a page read command 180 
includes a CVDDE offset 184 that identifies a CVDDE 
register that specifies an adjustment to V that needs to 
be made during the read. Different page read commands 180 
can include different CVDDE offsets 184, thereby allowing 
customizing adjustments to V, according to the address 
of the memory cells being accessed by the page read 
command. When the memory array receives the page read 
command 180, the page read command decoder 126 deter 
mines whether the CVDDE offset 184 includes a non-null 
value, and if so, the V, adjustment mechanism 120 
adjusts the read voltage according to the value in the 
CVDDE register 124 specified in the CVDDE offset 184 of 
the page read command 180. 
0029 Referring to FIG. 2, a graph of read voltage 
(V) is shown as a function of the threshold Voltage V 
read from a memory cell for a Multi-Level per Cell (MLC) 
NAND flash memory cell. Note a cell can be programmed 
to one of four threshold voltage V states. As a result, each 
cell can represent two bits of storage. Because NAND flash 
memory could have the least significant bit (LSB) and most 
significant bit (MSB) switched, in this example we assume 
a lower page is associated with the LSB while an upper page 
is associated with the MSB. Thus, for a range of pages in a 
block, a distinct lower page is always coupled with a distinct 
upper page in that both share the same set of bitline cells, 
meaning they occupy the same wordline. V(LOWER) 
is the V read voltage that distinguishes the State of the 
LSB. V.(UPPER1) and V(UPPER2) are the V. 
read voltages that distinguish the state of the MSB. Note the 
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distribution of cell states shown in FIG. 2 is ideal, meaning 
they are evenly spaced with the appropriate V. Voltages 
midway between cell states. 
0030 The number of programming cycles in a NAND 
flash memory device can cause the V. Voltage to shift 
slightly as a function of the number of programming cycles, 
which is referred to as “wear in a NAND flash memory 
device. However, CVDDEs can cause a more abrupt and 
drastic shift in the V, Voltage, as shown by the dotted 
lines in FIG. 3. When a CVDDE occurs, the existing 
methods for dealing with adjustments to read voltage in a 
NAND flash memory device create significant delays, as 
described in more detail below with reference to FIG. 6. 
0031 Referring to FIG. 4, a method 400 represents a 
method for known NAND flash memory devices. V is 
characterized for the various pages in the memory (step 
410). V., is also characterized for wear conditions in the 
memory (step 420). Values are then stored in the V shift 
registers 122 according to the V characterization in 
steps 410 and 420 (step 430). This characterization of the 
memory device in method 400 allows customizing shift 
values for V that account for differences across the 
array of memory cells and across various wear conditions. 
0032 Referring to FIG. 5, a method 500 represents a 
method for known NAND flash memory devices. The num 
ber of program-erase cycles and the bit error rate is moni 
tored (step 510), and the values in the V, shift registers 
are adjusted to account for wear (step 520), meaning the 
number of program-erase cycles. It is a known phenomenon 
that NAND flash memory cells exhibit wear, meaning as the 
number of program-erase cycles increases, the V, Volt 
age shifts. The characterization of the device in method 400 
in FIG. 4 is done when the device is new and has undergone 
very few write cycles. The method 500 in FIG. 5 simply 
adjusts the V shift values to account for wear. 
0033 Referring to FIG. 6, a method 600 represents a 
method for known NAND flash memory devices to adjust 
V, when errors are detected. Data is read (step 610). 
When there are no errors in the read data (step 620-NO), 
method 600 is done. When there are errors in the read data 
(step 620 YES), error correction is performed (step 630). If 
the number of errors does not exceed capability of the error 
correction (ECC correctability) in step 630 (step 640-NO), 
method 600 is done. If the number of errors exceeds ECC 
correctability after the error correction in step 630 (step 
640 YES), the read voltage V, is adjusted using values 
in the V shift registers (step 650). Method 600 works 
well for minor changes to V. Such as those caused by 
differences between different memory cells on the same 
device or those caused by gradual wear. However, a CVDDE 
can require a more significant change to V, typically 
many times greater than a change needed due to wear. In the 
case of a CVDDE, method 600 will result in multiple 
iterations before arriving at a read that does not have any 
errors. because the V shift values adjust the read volt 
age by a relatively small amount instead of a larger amount 
needed for a CVDDE. These multiple iterations in method 
600 can cause a significant time delay in performing the read 
when a CVDDE has occurred. The existing methods for 
adjusting V, while suitable for accounting for differ 
ences in cells across the device and gradual wear, are not 
Suitable for adjusting V, due to CVDDEs. As a result, 
the NAND flash memory device described and claimed 
herein includes a mechanism for adjusting V for CVD 
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DES in addition to the known methods for adjusting V 
to account for cell differences and wear. 

0034 Methods 400, 500 and 600 in FIGS. 4-6 are pref 
erably performed in the NAND flash memory device 100 in 
FIG. 1. However, the NAND flash memory device 100 
additionally includes different mechanisms for dealing with 
CVDDEs. Referring to FIG. 7, method 700 begins when a 
page read command is received (step 710). Method 700 is 
preferably performed by the memory controller 130 shown 
in FIG.1. When the page read command references a region 
of the memory that has not been marked as having been 
affected by a CVDDE (step 720-NO), the page read is 
executed with no extended addressing (step 750). When the 
page read command references a region of the memory that 
has been marked as having been affected by a CVDDE (step 
720=YES), the CVDDE register address is read from the 
CVDDE V configuration table (step 730). The page 
read command generator 170 then generates a page read 
command 180 with extended addressing (step 740), meaning 
the extended address (or CVDDE offset) references the 
CVDDE register address to use in adjusting the read voltage 
V. Method 700 is then done. The page read command 
180 generated by the page read command generator 170 is 
then sent to the page read command decoder 126, which 
processes the page read command 180, determines the page 
read command 180 and determines the page read command 
180 has a CVDDE offset 184 (extended addressing) that 
identifies one of the CVDDE registers 124. In response, the 
V adjustment mechanism 120 adjusts the read voltage 
by the amount specified in the CVDDE register 124 speci 
fied in the CVDDE offset 184. 

0035. In the discussion above, when a page read com 
mand 180 has a CVDDE offset 184 that is not null, the 
V, adjustment mechanism 120 reads the CVDDE offset 
184, which identifies one of the CVDDE registers 124, and 
uses the value in the identified CVDDE register 124 to adjust 
the read voltage. However, other implementations are pos 
sible within the scope of the disclosure and claims herein. 
For example, instead of using the value in the CVDDE 
register directly, the V adjustment mechanism 120 
could copy the value from the CVDDE register into a V 
shift register 122. In this case, the value in the V shift 
register would need to be saved before it is overwritten with 
the value from the identified CVDDE register so it can be 
restored after the page read command that includes the 
CVDDE offset has been processed. These and other varia 
tions are within the scope of the disclosure and claims 
herein. 

0036 Referring to FIG. 8, a table 800 is one suitable 
implementation of the CVDDE occurrence table 152 shown 
in FIG. 1. Based on desired geographic granularity of 
CVDDE tracking, the memory controller 120 sets up 
CVDDE occurrence table 800 to record whether a CVDDE 
has occurred (e.g., Partial Block Program), or is imminent 
(e.g., Program-Read-Immediate). In this example, the granu 
larity is PageType (0=Lower, 1=Upper) per PageRegion 
(0-p) per Block (0-b) per Device (0-d) within a flash module. 
If a CVDDE has occurred or is imminent in a certain 
geography entry in the table, the controller marks the 
appropriate CVDDE column with a 1. If the controller sees 
that a Page Read is about to occur within CVDDE-marked 
region, it will then parse the associated CVDDE V. 
Configuration Table for the CVDDE register address in the 
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flash device that contains the pre-programmed V shift 
values to be used for the given CVDDE. 
0037 Referring to FIG. 9, a table 900 is one suitable 
implementation of the CVDDE V configuration table 
190 shown in FIG. 1. Based on desired geographic granu 
larity of CVDDE tracking, the memory controller 120 sets 
up and maintains the CVDDE V Configuration Table 
900. In this example, the geographic granularity is PageType 
(0=Lower, 1=Upper) per PageRegion (0-p) across all Blocks 
and Devices with in a flash module. Each entry in the Table 
contains a set of V shift values per CVDDE occurrence 
type (0-x), and an associated register address per CVDDE 
occurrence type. The V, management mechanism 160 
programs all the CVDDEV shift values into the respec 
tive CVDDE registers 124 either upon power-up, or upon 
occurrence of a CVDDE. Waiting to program the CVDDE 
registers 124 upon occurrence of a CVDDE allows for more 
accurate V. shift values to be stored in the CVDDE 
registers 124. In this example, a CVDDE V shift entry 
is a concatenation of three byte-wide shift values consistent 
with the three V shift values associated with an MLC 
flash memory device. The controller 130 could maintain 
additional instances of this table containing different V 
shift values that are applicable based on the wear of the flash. 
The controller 130 decides when overall flash wear dictates 
the swap to a new table and the re-program of the CVDDE 
registers 124. 
0038 A simple example is now provided to illustrate 
some of the concepts discussed above. We assume for this 
example a Partial Block Program (PBP) has occurred, which 
is a CVDDE event. We assume there are a total of 8192 
pages in the flash memory device, as shown in FIG. 10, and 
that sequential programming has stopped at page 2187. The 
CVDDE Occurrence Table is divided into 512 16-page 
regions (Page Regions numbered 0-511) for each Block in 
each Device. Pages 2176 through 2191 are in Page Region 
136. The memory controller 120 parses the CVDDE Occur 
rence Table 142 and notes that Page Region 136 in Block 37 
of Device 3 has CVDDEO (where CVDDEO is defined as 
PBP), marked for both Page Types 0 (Lower Page in this 
example) and 1 (Upper Page in this example). The controller 
parses the CVDDEV, Configuration Table 190 for Page 
Region 136 and gets the CVDDE register addresses for Page 
Types 0 and 1. Page Type 0 (Lower) for Page Region 136 is 
address OX112, where 0x112 had been pre-programmed with 
the value 0xFCF9F3. Page Type 1 (Upper) for Page Region 
136 is address 0x13, where 0x13 had been pre-programmed 
with the value 0xFAF5EF. As the controller progresses 
through the reading on Block 37 of Device 3, it sends out the 
normal Page Read command sequence up to page 2175, five 
address cycles between the Page Read Start and Page Read 
Terminate Command cycles where each cycle represents a 
byte of data. This normal page read command can be a page 
read command without extended addressing, or could be a 
page read command with extended addressing that includes 
a null value. Such as the page read command shown in FIG. 
11. For page 2176 and subsequent Lower pages up to 2186 
(2176,2178,2180, 2182, 2184, 2186), the controller issues 
a page read command that includes an extended address that 
contains Oxn112, three nibbles for CVDDE register address 
0x12 and another nibble n for optional bits, as shown in the 
page read command in FIG. 12. For page 2177 and subse 
quent Upper pages up to 2187 (2177. 2179, 2181, 2183, 
2185,2187), the controller issues a page read command that 
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includes an extended address that contains Oxn113, three 
nibbles for CVDDE register address 0x13 and another 
nibble n for optional bits, as shown in the page read 
command in FIG. 13. One of the optional bits can be used 
to indicate to the flash module that the V shift values 
programmed into the CVDDE registers should be used as an 
absolute V value (e.g., when the bit is a Zero) or as an 
offset to the current steady state V. shift values (e.g., 
when the bit is a one). This simple example shows how the 
memory controller can use current V, Voltage for pages 
1-2175, and a V, Voltage adjusted as indicated by 
CVDDE register 0x112 for even pages 2176-2186, and a 
V. Voltage adjusted as indicated by CVDDE register 
0x113 for odd pages 2177-2187. One skilled in the art will 
recognize based on this example and the disclosure herein 
that any suitable number of CVDDE registers could be 
defined to provide different V values or adjustments for 
any suitable CVDDE in any suitable region of the flash 
memory device. 
0039 Wear is a well-known concept in NAND flash 
memory devices, which is a function of the number of 
program-erase cycles on the device. It is well-known that 
wear in a NAND flash memory device causes a shift in 
V. Voltage. It is also well-known to adjust V shift 
values to account for wear, as shown in FIG. 5 and discussed 
above. Because the NAND flash memory device 100 in FIG. 
1 and described above includes mechanisms for adjusting 
V, based on both device characterization and also based 
on CVDDES, a new method is needed to account for wear 
in the NAND flash memory device 100. Referring to method 
1400 in FIG. 14, when V does not need to be adjusted 
based on wear (step 1410-NO), method 1400 is done. When 
V needs adjusting based on wear (step 1410–YES), the 
values in the V shift registers are adjusted (step 1420), 
and the values in the CVDDE registers are also adjusted 
(step 1430). This means the values in the first set of registers, 
the V shift registers 122 in FIG. 1, are adjusted in step 
1410, and the values in the second set of registers, the 
CVDDE registers 124, are adjusted in step 1420. Adjusting 
the values in both the V, shift registers 122 and the 
CVDDE registers 124 as the NAND flash memory 100 
wears allows dynamically compensating for wear. 
0040 A NAND flash memory device detects the occur 
rence of Cell Voltage Distribution Disruption Events (CVD 
DEs), such as a Partial Block Program (PBP) and Program 
Read-Immediate (PRI), and provides a way to dynamically 
adjust read voltage to account for CVDDEs. A read com 
mand includes extended addressing bits that are used when 
a CVDDE has occurred to access registers that indicate an 
adjustment to read voltage that is needed to accommodate 
the CVDDE. The read voltage is then dynamically adjusted 
to accommodate the CVDDE. When the CVDDE is no 
longer an issue, the read voltage is adjusted to its previous 
value before the CVDDE. 

0041. One skilled in the art will appreciate that many 
variations are possible within the scope of the claims. Thus, 
while the disclosure is particularly shown and described 
above, it will be understood by those skilled in the art that 
these and other changes in form and details may be made 
therein without departing from the spirit and scope of the 
claims. 

1. A method for reading a flash memory device compris 
ing a plurality of blocks of memory cells, each memory cell 
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storing a plurality of Voltage values that represent a plurality 
of bits, the method comprising: 

writing to first registers values that indicate how to change 
read voltage according to address of memory cells in 
the flash memory device; 

writing to second registers values that indicate how to 
change read voltage according to a plurality of Cell 
Voltage Distribution Disruption Events (CVDDEs); 

changing the values in the first registers and the second 
registers with detected wear of the flash memory 
device; 

adjusting read voltage according to the values in the first 
registers; and 

receiving an indication when a CVDDE has occurred, and 
in response, adjusting the read voltage according to the 
values in the second registers. 

2. The method of claim 1 wherein the plurality of CVD 
DEs includes a partial block program when some but not all 
of the plurality of blocks of memory cells are programmed. 

3. The method of claim 1 wherein the plurality of CVD 
DEs includes a Program-Read-Immediate where memory 
cells are read immediately after programming. 
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4. The method of claim 1 further comprising receiving a 
read command that includes an address of a set of memory 
cells to be read and an extended address that identifies which 
of the second registers to use to adjust the read voltage. 

5. The method of claim 4 wherein the extended address 
contains a null value that indicates the extended address 
does not identify any of the second registers, resulting in not 
adjusting the read voltage due to CVDDE. 

6. The method of claim 1 wherein the second registers 
contain values of Voltage changes that are significantly 
greater than values of Voltage changes in the first registers. 

7. The method of claim 1 further comprising detecting 
wear in the flash memory device as a function of a number 
of times any of the plurality of blocks of memory cells has 
been programmed and as a function of bit error rate of any 
of the plurality of blocks of memory cells. 

8. (canceled) 
9. The method of claim 1 further comprising a CVDDE 

occurrence table that logs occurrence of CVDDEs for each 
of the plurality of blocks of memory cells, wherein detecting 
when a CVDDE has occurred is done by reading the 
CVDDE occurrence table. 

k k k k k 


