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APPARATUSES AND METHODS FOR ADJUSTING WRITE PARAMETERS
BASED ON A WRITE COUNT

Background

f1] Non-volatile memory devices can be read from and written 1© in order o
retrieve and store information. One type of non-volatile memory device is phase
change memory, which may be arranged in a three dimensional (3D} cross-point
architecture. In phase change memory devices, each memory cell is formed from a
material that can be seleclively ifransformed from one phase to another. For
exampie, the material may be transformed from an amorphous staie to a crystalline
state by applying wrile voltages o the memory cell. Different states have different
glectrical properties, and can be sensed by applying a voltage o the material which,
based on the present siate of the material, results in a different slectrical current
being conducted through the cell. Therefore, seleciively applying write voltages 1o
the memory celis to set the material state provides a mechanism for storing bits of
data which can later be read by applving a sensing vollage to the cell. While non-
volatile memory devices have the benefit of retaining the sltored information even
when power is removed from the device, such devices typically suffer from limited
write endurance and retention. That is, repeated accesses {o the memory cells for
read and write operations exert stresses on the components and memory cells of the
device. As a result, memory devices can undergo physical changes and degradation

over the life of the device.

Summary

2] In an aspect of the present invention, an apparatus that includes a memory
array having a plurality of memory celis, memory access circuits coupled o the
memory array and configured o perform write operations responsive {o contro
signals, and control logic coupled to the memory access circuits. The control [ogic is
configured to apply a set of wrile parameters based, at least in pari, on a number of
write opserations performed by the memory access circuits. The conirol Ingic is
further configured o provide control signals 1o the memory access circuits to perform
write opergtions on the plurality of memory cells according fo the set of write

parameters.
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[3] in another aspect, an apparatus includes a memory device including a
plurality of memory celis. The memory device is configured to store information on
the plurality of memory cells based on a set of write parameters. The memory
device further includes a paramster {able, siored in a subset of the plurality of
memory cells of the memory device. The parametier table is configured to store a set

of write cycle bins corresponding to the set of write paramelers.

(4] In another aspect, an apparatus includes memory access circuits configured
to siore daia in a plurality of memory celis based on a set of write parameters. The
apparatus further includes a parameter table stored in a portion of the plurality of
memory cells, and the parameter table includes a plurality of write cycle bins
corresponding to a plurality of sels of write parameters. The apparatus further
includes control logic coupled to the memory access circuits. The control logic is
configured to determine at least one of the write cycle bing based on a number of
wrile operations performed by memory access circuits and apply the set of write
parameters from the piurality of sets of write parameters based on the determined

write cycle bins.

[5] in another aspect, a method includes identifying a number of write operations
performed on a memory device and adjusting write parameters based, at least in
part, on the number of wrile operations performed on the memory device. The
adjusted write parameters are applied to perform write operations on a plurality of

memory cells responsive to a write command.

[6] in ancther aspect, a method includes receiving, by conirol iogic, a command
to establish a set of write parameters for a memory device, receiving, by the controd
logic, a current number of write operations performed by the memory device, and
receiving, by the control logic, a parameter table defining a plurality of write cycle
bins. The current number of write operations are compared by the control logic o
the plurality of write cycle bins to determine an applicable write cycle bin. The set of
write parameters are provided o the memory device based, at least in part, on the

applicable write cycle bin.
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Brief Description of the Drawings

{71 Fig. 1A is a funclional block diagram of a memory system, in accordance with

an embodiment of the present invention.

[8] Fig. 1B is a functional block diagram of a memory device, in accordance with

an embodiment of the present invention.

19 Fig. 2 is a diagram of a portion of a three-dimensional (3D) cross-point

memory array, in accordance with an embodiment of the present invention.

[10] Fig. 3 is a flowchart of a method of setling write parameters basad on g wrile

count, in accordance with an embodiment of the present invention.

[11] Fig. 4 is an example parameter table, in accordance with an embodiment of

the present invention.

[12] Fig. o is a flowchart of a methoed of updating the applicable bin number based

on a write count, in accordance with an embodiment of the present invention.

Detailed Description

[13] Certain details are set forth below to provide a sufficient understanding of
embodiments of the invention. However, it will be clear to one skilled in the art that
embodiments of the invention may be practiced without these particular details.
Moreover, the particular embodiments of the present invention described herein are
provided by way of example and should not be used to limit the scope of the
invention o these particular embodiments. In other instances, well-known circuits,
control signals, timing profocols, and software operations have not been shown in

detail in order to avoid unnecessarily obscuring the invention.

(14} Embodiments described herein recognize that many memory systems have
limited write endurance and, therefore, degrade over time through repeated access.
In order to compensate for the physical degradation of the cells in a memory device,
various physical parameters may be tuned or adjusted based on the age of the
device in order o reduce the failure rate of write operations. Accordingly, there is a

need for a mechanism io track the age of the device in order {0 selectively adjust the



write parameters to account for physical degradation of the cells of the device. Write
parameters can include, for example write voltages, such as the voltages applied to
memory cells through word lines and/or the bit lines during a write operation. Other
internal parameters can be adjusted as well. Example parameters include, but are
not limited to pulse shape, leading edge, trailing edge, duration, etc. In general,
write parameters may include any configurable settings in the memory device that
can be adjusted as the cell ages in order to improve the probability of a successful
write operation. Disclosed herein are various apparatuses and methods for tracking
the age of a device based on the number of write operations performed on the
device, and adjusting write parameters based on the age of the device and a set of
bins defined by ranges of write operations. Bins are specified ranges of the numbers
of write operations. At any given point in time, the device may fit into one or more
bins based on the number of write operations that have been performed on the
memory device. For example, one bin may be defined by a range of between 0 and
1,000 write operations. Write operations may include programming operations, erase

operations, or both.

[15] Fig. 1A is a functional block diagram of a memory system, generally
designated 100, in accordance with an embodiment of the present invention.
Memory system 100 includes a processor 102 coupled to a memory device 104. The
processor 102 can be any type of controlling circuitry configured to transmit
instructions to the memory device 104. In various embodiments, the processor may
be one or more microprocessors, an application specific integrated circuit, or other
type of controlling circuitry. The memory device 104 includes various circuits for
memory operations. As discussed in further detail below with respect to Fig. 1B, the
memory device 104 can include input/output (I/0O) control circuitry, control logic, and
a memory array comprising a plurality of memory cells. Commands, address
information, and write data may be provided to the memory device 104 as sets of
sequential input/output (I/0O) transmitted through an I/O bus 128. Similarly, read data
may be provided from the memory device 104 through the 1/0 bus 128.

[16] The processor 102 may be further coupled to a write count circuit 106. The
write count circuit 106 may be a register, a cache, or any other type of temporary

memory configured to store a number of write operations executed by the memory
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device 104, In other embodiments, the write count circuit 108 may be a non-volatile
memory configured fo store the number of write operations performed by the
memory device 104 when power is removed from the memory device 104. The write
count circuit 108 may be configured to store a value corresponding 1o the current
number of write operations performed by the memory device 104. The write count
circuit 106 may be accessed by the processor 102 during a set write cycle bin
operation in order (o determine the current number of write operations that have
been performed by the memory device 104, During a set write cycle bin operation,
described in further detzil below, the value stored in the write count circuit 106 may
be used o adjust write parameters within the memory device 104 to improve the
fikelihood of successiul write operations. Further, the processor 102 may periodically
update the value stored in the write count circuit 106 o ensure that the number of
write operations siored in the write count circuit 106 is consistent with the actual
number of write operations that have been performed by the memory device 104. in
alternative embodiments, the wrile count circuit 106 may be located within the
memory device 104, In such embodiments, the memaory device 104 may track the
number of write operations performed by the memory device 104 and store the
current number of write operations performed on the write count circuit 108 within the
memory device 104, The memory device may access the value stored locally in the
memory device 104 to determine the number of write operations performed by the

memory device 104,

[17] Figure 1B illustrales an apparatus that includes a memory device 104
according o an embodiment of the present invention. The memory device 104
includes a memory array 160 with a plurality of memory cells that are configured {o
store data. The memory cells may be accessed in the array through the use of
varicus signal lines, word lines (WLs) and/or bit lines (BLs). The memory cells may
be non-volatile memory cells, such as NAND or NOR flash cells, phase change
memory cells, or may generally be any type of memory cells. The memory cells of
the memory array 160 can be arranged in a memory array architeciure. For example,
in one embodiment, the memory cells are arranged in a 3D cross-point architeciure.
in other embodiments, other memory array architectures may be used, for example,

a single-level cross-point architecture, among others. The memory cells may be
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single level cells configured to store data for one bit of data. The memory cells may

also be multi-level cells configured to store data for more than one bit of data.

(18] A data sirobe signal DQS may be transmitted through a data strobe bus {not
shown). The DOS signal may be used fo provide timing information for the transfer of
data o the memory device 104 or from the memory device 104, The /O bus 128 is
connected o an /O control circuit 120 that routes data signals, address information
signals, and other signals between the /O bus 128 and an internal data bus 122, an
infernal address bus 124, and/or an internal command bus 126, The internal address
bus 124 may be provided address information by the /O control circuit 120 . The
internal address bus 124 may provide block-row address signals 10 a row decoder
140 and column address signals to a column decoder 150. The row decoder 140 and
column decoder 150 may be used io select blocks of memory cells for memory
operations, for example, read and write operations. The row decoder 140 and/or the
column decoder 150 may include one or more signal line drivers configured o
provide a biasing signal o one or more of the signal ines in the memory array 180
The VO conirol circuit 120 is coupled to a status register 134 through a status
register bus 132. Status bits stored by the status register 134 may be provided by
the /O control circuit 120 responsive to a read status command provided to the
memory device 104. The staius bits may have respective values o indicate a status

condition of various aspects of the memory and its operation.

[19] The memory device 104 also includes a control logic 110 that receives a
number of control signals 138 either externally or through the command bus 128 {o
control the operation of the memory device 104. The control signals 138 may be
implemented with any appropriate interface protocol. For example, the conirol
signals 138 may be pin based, as is common in dynamic random access memaory
and flash memory {e.g., NAND flash), or op-code based. Example control signals
138 include clock signals, read/write signals, clock enable signals, etc. A command
register 136 is coupled to the internal command bus 1286 to store information
received by the /O control circuit 120 and provide the information to the control logic
110. The control logic 110 may further access a status register 134 through the
status register bus 132, for example, 10 update the status bits as status conditions

change. The control logic 110 may be configured {o provide internal control signals
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to varicus circuits of the memory device 104, For example, responsive 10 receiving a
memory access command {(e.q., read, write), the control logic 110 may provide
infernal control signals o control various memory access circuils o perform a
memory access operation. Specifically, the conirol logic may be configured to set
one of more wrile parameters, such as a write vollage used during write operations
performed on the memory array 160, based on a value stored in the write count
circuit 108 and a plurality of write cycle bins (described below). The control logic 110
may be further configured to perform wear levelling operations on the memaory array
160. Wear leveling operations can redistribute data stored in the memory array 160
to ensure that some memory cells are not written to significantly more than other
memory cells. The control logic 110 may use static or dynamic wear leveling. The
varicus mermory access circuits are used during the memeory access operation, and
may generally include circuits such as row and column decoders, charge pump

circuits, signal ling drivers, data and cache registers, /O circuits, as well as others.

[20] A parameter table 162 thai can be accessed by the control logic 110 may be
stored in the memory array 1680, The parameter {able 162 includes write cycle bin
information which can be used to adjust one or more write parameters based on the
number of write operations that have been performed for the memory array 160. The
write cycle bin information includes one or more ranges of wrile operations where
each range defines a write cycle bin. For example, one bin may be defined by a
range of G to 10,000 write operations. A second bin may be defined by a range of
1,000 to 100,000 write operations, and so on for additional bins. Each of the bins in
the parameter table 162 may be associated with one or more write parameters. The
write parameters may define seltings (e.q., write voltage, pulse duralion, leading
edge, trailing edge, pulse shape, etc.) io be used by the memory device 104 o
perform a wrile operation. The current number of write operations may be stored in
the write count circuit 108 (Fig. 1A) and can be compared to the one or more bins in
the parameter table 162 {0 determine the applicable bin and identify the applicable
write parameters. In various embodiments, the parameter table 162 may be stored in
a dedicated portion of the memory array 160. In alternative embodimenis, the
parameter table 162 can be siored in a separate memory area included in the

memory device, a separate storage device, memory device, register, or other device
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accessible by the control logic 110, The parameter table is described in further detail

helow with respect io Fig. 4.

[21] A data /O circuit 170 includes one or more circuits configured to facilitate data
fransfer between the /O control circuit 120 and the memory array 160 based on
signals received from the control logic 110. In various embodiments, the data /O
circuit 170 may include one or more registers, buffers, and other circuits for
managing data transfer between the memory array 180 and the /O control circuit
120. For example, during a write operation, the /O control circuit 120 receives the
data to be written through the I/O bus 128 and provides the data o the data /O
circuit 170 via the internal data bus 122. The data /O circuit 170 writes the data to
the memory array 160 based on conirol signals provided by the control logic 110 at a
location specified by the row decoder 140 and the column decoder 150. During a
read operation, the data VO circuit reads data from the memaory array 160 based on
control signals provided by the control logic 110 at an address specified by the row
decoder 140 and the column decoder 150. The data /O circuit provides the read
data o the /O control circuit via the internal data bus 122, The 1/O control circuit 120

then provides the read data on the /0 bus 128.

[22] Fig. 2 is a diagram of a portion of a 3D cross-point memaory array, generally
designated 200, in accordance with an embodiment of the present invention. In
various embodiments, the memory array 200 can be implemented as the memory
array 160 of Fig. 1B. The memory array 200 includes a first number of word lines
202A, 2028,... 202N {collectively referred to as word lines 202) and a first number of
bit lines 200A, 208B,..., 208N (collectively referred to as bit lines 208). As shown in
Fig. 2, the word lines 202 may be arranged parallel 1o one another. The bit lines 206
can be arrangsed parallel o one another and corthogonal to the word lines 202. The
word lines 202 and the bit lines 206 can be made from a conductive material, such
as copper, tungsten, titanium, aluminum, etc. Layers or decks of word lines and bit
lines can be stacked to create a 3D iaitice structure. As shown in Fig. 2, layers of

word lines 202 alternate with layers of bit lines 206 to form a 3D struciure.

(23] The memory array 200 includes a plurality of memory celis 204. In one
embodiment, the memory cells 204 can be phase change memory cells. Each

memory cell 204 is connected to a word iine (e.q., word line 202A) and a bit line
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{e.g., bit line 200A). By connecting each memory call o a single word line and a
single bit line In a 3D cross-point array, each memory cell 204 is individually
accessible by specifying a word line and a bit line, for exampie, by a memory
address. A subset of memory cells 204 can be designated to store a parameter
table, such as the parameter table 162 (Figure 1B). In other embodiments, the
parameter table 162 may be siored in separate registers. The parameter table
includes a plurality of bins defined by ranges of write operations and various
parameters related to write operations performed on the memory array 200. The
parameter table may be accessed by control logic {e.g., control logic 110), which
may set one or more write parameters that are used to write to the memory celis 204

in the memeory array 200.

[24] Fig. 2 is a flowchart of a method 300 of setting write parameters based on a
write count, in accordance with an embodiment of the present invention. In operation
302, the control logic 110 receives the current wrile count and accesses the
parameter table 182 to read its contents. In various embodiments, the control logic
110 may be provided with the current write count stored on the write count circuit
106 by the processor. For example, the processor may access the write count circuit
106 and transmit the value stored thereon to the control logic 110 via I/O bus 128,
O control circuit 120, and command bus 128. The control logic 110 may access the
memory array 160 and read the contents of the parameter table 162, including the
one or more write cycle bins and the associated write parameters of each bin. As
described above with respect to Fig. 1, the parameter table 162 may be stored in the
memory array 160. In some embodiments, the parameter table 162 may be stored in
a dedicated subsection of the memory arragy, or in registers separate from the
memory array 180. The control logic 110 may, in some embodiments, read the
cortents of the parameter table 162 o perform the set write cycle bin operation. In
ogther embodiments, the contents of the parameter table 162 can be stored in a
storage device, such as a register, a cache memory, or a random access memory,
for reference in later set write cycle bin operations. As described above, in some
embodiments, the write count circuit 106 may be located in the memory device 104
and coupled o the control logic 110. In such embodiments, the control logic 110
directly accesses the write count circuit 106 to determine the current number of write

operations performed by the memory device 104, thereby eliminating the need of the



processor 102 to transmit the current write count value to the control logic 110 during

the set write cycle bin operation.

[25] In operation 304, the control logic 110 determines the applicable write cycle
bin based on the parameter table 162 and the current write count value, as received
in operation 302. As described above, the parameter table 162 generally defines a
number of write cycle bins based on the number of write operations that have been
performed by the memory array 160. The control logic 110 compares the current
write count (as stored in the write count circuit 106 and received in operation 302)
with the write cycle bins in the parameter table 162 to determine into which bin or
bins the current write count falls. For example, the current write count may be 10,560
write operations. The parameter table 162 may include a first bin having a range of 0
to 10,000 write operations and a second bin having a range of 1,000 to 100,000 write
operations. In such an embodiment, the control logic 110 determines that the current
write count (10,560) is between 1,000 and 100,000, but not between 0 and 10,000.
Therefore, the control logic 110 determines that the second bin is an applicable bin

and the first bin is not an applicable bin.

[26] Referring now to Fig. 4, an example parameter table 400 is shown, in
accordance with an embodiment of the present invention. In various embodiments,
the parameter table 400 may be implemented as the parameter table 162 in the
embodiment of Fig. 1. The parameter table 400 generally includes a plurality of bins
402, a maximum (max) write count 404, and a minimum (min) write count 406. In the
embodiment of Fig. 4, the parameter table 400 has four bins: bins 0, 1, 2, and 3.
Each of the bins 0, 1, 2, and 3 has an associated max write count 404 and min write
count 406. The max write count 404 and min write count 406 define the size of each
bin (i.e., the range over which each bin applies to the write count). For example, bin
0 has a min write count 404 of O write operations (i.e., a memory array that has
never been written) and a max write count 406 of 10,000 write operations.
Accordingly, if the control logic 110 determines in operation 304 that the write count
has a value of between 0 and 10,000, then the control logic 110 identifies bin 0 as
the applicable bin. Although four bins are shown in Fig. 4, those skilled in the art will

appreciate that any number of bins may be used.

10
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271 The bin ranges may overlap one ancther (2.g., by a factor of 10 or 100). For
example, bin 1 of the example parameier table 400 has a range of 1,000 to 100,000
write operations, which overlaps with bin 0 by a factor of 10. The overlap range
allows for variations in the actual number of wrile operations that may have been
performed for a given block within the folerances rangss of the wear levelling
scheme. For example, the write count circuit 108 may store a value of 1,000 write
operations. This write count falls within both bins 0 and 1. However, because of the
wear levsalling scheme, some blocks may have been written to less than 1,000 times,
while others may have been writlen to 2,000 times or more. The overlap in bin range
allows for wear leveling, which may not perfectly balance write operations among
calls, but may ensure that all cells are written 1o within a certain range (.., no cell is
writlen to more than a factor of 100 more times than any other cell). In some
embodiments, the control logic 110 only identifies the higher bin once every block in
the memory device 104 has been wrilten {o the minimum number of fimes for the
higher bin. For example, the control iogic 110 only recognizes bin 1 as applicable
once every block of cells in the memory array 180 has been written o at least 1,000

times,

[28] Returning again to Fig. 3, in operation 306, the conirol logic 110 identifies the
applicable write parameters. As described above, each write cycle bin defined in the
parameter table 182 is associated with a set of write parameters, such as write
voltages. The control logic 110 identifies the applicable write parameters based on
the applicable write cycle bin determined in operation 306, For example, if the control
fogic 110 determines that bin 1 {(see Fig. 4) is the applicable bin, then the control
fogic 110 identifies the write parameters associated with bin 1 in operation 308. The
write parameters associated with each bin may be stored in the memory device 104
and accessed in response to the determining the applicable bin. The applicable wriie
parameters may include particular setlings to be applied during a wrile operation.
The particular settings may include a particular programming voltage (e,
amplitude), pulse duration, pulse shape, leading edge, trailing edge, among other
parameters. By adjusting these paramelers, individually or in combination as the

cells age, the likslihood of a successful write operation may be increased.
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28] In operation 308, the memory device receives a set write cycle bin command.
The control logic 110 may perform an operation {o set a write cycle bin responsive o
a command, for example, provided by the processor 102 and received by the controd
fogic 110. In various embodiments, the set write cycle bin command may be received
from the processor 102, a memory coniroller unit, an infegrated memory controller,
or other device. In other embodiments, the command to setl the write cycle bin may
be initiaied as part of or in response to a power up operation of the memory device
104. In vet other embodiments, the command fo set the write cycle bin may be
provided periodically {o ensure that the write cycle bin is consistent with the current

number of wriie operations that have been performed on the memory array 160.

[30] In operation 310, the conirol logic 110 applies the identified write parameters
for the memory device 104. The control jogic 110 applies the identified wrile
parameters o all future wrile operations performed by the memory device 104
unless and until the applicable write cycle bin is changed. Once the applicable write
parameters are identified, the control logic 110 may apply the identified applicable
write parameters when performing write operations via the data I/0 circuit 170. When
a write operation is received {e.g., by the /O control circuit 120) the control logic 110
performs the write operation on the memory array 160 using the identified write
parameters. In one embodiment, the programming voltage may be increased (e.q., a
higher amplitude). In another embodiment, the pulse duration may be increased. In
vet ancther embodiment the shape of the pulse may be adjusted. in other
embodiments, other write parameters may be adjusied in addition to, or instead of
those discussed above. As the cells of the memory array 1680 age, the write
parameters may be further adjusted to reduce the likelihcod of a failed wrile

operation.

[31] Fig. & is a fowchart of a method 500 of updating the applicable bin number
hased on a write count, in accordance with an embodiment of the present invention.
in operation 502, the control logic 110 updates the write cycle count stored in the
write count circuit 108, The write count circuit 106 can be updated, for example,
based on the amount of time since the write count was last updated (measured, for
exampie, by clock cycles) and/or the number of write operations performed by the

memory device 104 since the write count was last updated (e.g., the write count is

12
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updated for every 1,000 write operations performed by the memory device 104). In
some aembodiments, the memory device 104 may maintain an current count of write
operations performed by the memory device 104 and updaie a write count circuit 106
external to the memory device 104 ypon powering up the memory device. In another
embodiment, the wrile count may be updated periodically (.., once per day). In
some embodiments, the write count is updaied after each write operation. In yet
another embodiment, the write count circuit 108 is non-volatile and the write count
may be updated as part of a power down operation of the memory device 104, In
such embodiments, an updated wrile count is available immediately when powering
up the memory device 104. By periodically updating the write count siored in the
write count circuit 106, the memory device 104 ensures that the number of write
opergtions used to determine which write parameters o apply {0 the memory array
160 is consistent with the actual number of wrile operations that have been

performed.

[32] In decision biock 504, the control logic 110 determines whether to update the
write cycle bin. In varicus embodiments, the control logic 110 may determine
whether to update the write cycle bin based on a received command from the
processor 102. In other embodiments, the control logic 110 may determine o update
the write cycle bin in response {o the memory device 104 being powered on. In yet
another embodiment, the control logic 110 may determine {o update the write cycle
bin in response to a periodic signal. The periodic signal may be based, for exampis,
on a clock signal, which prompts the control logic 110 1o update the write cycle bin at
regular intervals. If the control logic 110 determines not to update the write cycle bin
(decision block 504, NO branch), then the control logic 110 continues o periodically

update the write cycle count in operation 502.

331 Allernatively, if the control logic 110 determines 10 update the write cycle bin
(decision block 504, YES branch), then the conirol logic 110 determines the
applicable bin in operation 506. As described above with respect {o operation 304
{Figure 3}, the control logic 110 of the memory device 104 can access the parameter
table 162 and store the contents of the parameter table 162 in a memory, such as a
register or a cache. The stored parameter table 182 may be accessed in operation

508 o update the bin information for the memory array 160 In operation, the control

13
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logic 110 accesses the updated write count siored in the write count circuit 106 and
compares the write count io the bins defined in the parameter table 162. Based on
the bin ranges defined by the parameter table 162, the conirol fogic 110 determines
one or more bins matching the updated write count. If the control logic 110 identifies
more than one applicable bin in operation 506, then the control logic 110 selecis a
single bin io apply 1o the memory device 104 based on the write count for the blocks
of the memory array 160. For exampile, the control logic 110 determines whether
each of the blocks of the memory array 160 has been written to a number of times at
least equal to the minimum write count of the higher bin number. If each of the
blocks has been written (o a number of times equal to at least the minimum write
count of the higher bin number, then the higher bin is identifiad as the applicable bin.
If at least one block has not been writlen to at least as many times as the minimum
write count of the higher bin number, then the lower bin number is identified as the

applicable bin.

[34] In operation 508, the control logic 110 ideniifies the updated wrile paramelers
for the memory device 104 based on the applicable bin. This operation may be
performed in the same manner as operation 308 of Fig. 3. Specifically, the control
logic 110 determines the write parameters associaied with the applicable bin by
referencing the parameter fable 162 or another memory location where the
applicable parameters are stored. In operation 510, the conirol logic 110 applies the
write parameters for the memory device 104 according to the updated identified write
parameters, as determined in operation 508. The write parameters may be adjusted
as described above with respect {o operation 310. In some embodiments, the write
parameters may remain the same, for instance, when the updated write count falls
into the same bin as previously identified. In other embodiments, the wrile
parameters may be adjusied for all fulure write operations performed by the memory
array 160. By pericdically updating the write parameters used by the memory array
160 when performing write operations, the control logic 110 reduces the risk of failed
write operations and increases the ability of the memory device 104 {0 accurately

store data.
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CLAIMS

1. An apparatus comprising:

a memory array having a plurality of memory cells;

memory access circuits coupled to the memory array and configured to perform write
operations responsive to control signals;

control logic coupled to the memory access circuits and configured to apply a set of
write parameters based, at least in part, on a number of write operations performed by the
memory access circuits and further configured to provide control signals to the memory
access circuits to perform write operations on the plurality of memory cells according to the
set of write parameters; and

a parameter table defining a plurality of write cycle bins, wherein the parameter table
includes a minimum number of write operations and a maximum number of write operations
for each of the plurality of write cycle bins, wherein a first range defining a first write cycle bin
at least partially overlaps a second range defining a second write cycle bin.

2. The apparatus of claim 1, wherein the control logic is configured to compare the
number of write operations performed by the memory access circuits to the plurality of write
cycle bins to select the set of write parameters.

3. The apparatus of claim 2, wherein the parameter table is stored in the memory array.

4, The apparatus of claim 1, wherein the plurality of memory cells includes one or more
phase change memory cells.

5. The apparatus of claim 1, further comprising a write count circuit configured to store
the number of write operations performed by the memory access circuits in the memory
array.

6. The apparatus of claim 1, wherein the plurality of memory cells are arranged in a
three-dimensional cross point array.

7. The apparatus of claim 1, wherein the set of write parameters comprises at least one
of a programming voltage amplitude, pulse duration, pulse shape, a leading edge, and a
trailing edge.

8. The apparatus of claim 1, wherein the control logic is further configured to apply the
set of write parameters responsive to receiving a command to establish the set of write
parameters for a memory device.
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9. An apparatus comprising:

a memory device including a plurality of memory cells and configured to store
information on the plurality of memory cells based on a set of write parameters, and further
including a parameter table, stored in a subset of the plurality of memory cells of the memory
device, the parameter table configured to store a set of write cycle bins corresponding to the
set of write parameters, wherein the parameter table includes a minimum number of write
operations and a maximum number of write operations for each of the plurality of write cycle
bins, wherein a first range defining a first write cycle bin at least partially overlaps a second
range defining a second write cycle bin.

10. The apparatus of claim 9, further comprising a write count circuit configured to store
a number of write operations performed by the memory device.

11. The apparatus of claim 10, wherein the set of write operation parameters is selected
based on the number of write operations performed by the memory device and the set of
bins.

12. An apparatus comprising:

memory access circuits configured to store data in a plurality of memory cells based
on a set of write parameters;

a parameter table stored in a portion of the plurality of memory cells, the parameter
table including a plurality of write cycle bins corresponding to a plurality of sets of write
parameters; and

control logic coupled to the memory access circuits, the control logic configured to
determine at least one of the write cycle bins based on a number of write operations
performed by memory access circuits and apply the set of write parameters from the plurality
of sets of write parameters based on the determined write cycle bins, wherein each of the
write cycle bins is defined by a range of write operations having a minimum and a maximum
number of write operations, wherein a first range defining a first write cycle bin at least
partially overlaps a second range defining a second write cycle bin.

13. The apparatus of claim 12, wherein the first range overlaps the second range by at
least one order of magnitude.

14. The apparatus of claim 12, further comprising, a write count circuit coupled to the
control logic and configured to store the number of write operations performed by the
plurality of memory cells.

15. The apparatus of claim 12, wherein the set of write parameters comprises at least
one of a programming voltage amplitude, pulse duration, pulse shape, a leading edge, and a
trailing edge.
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16. A method comprising:

identifying a number of write operations performed on a memory device;

adjusting write parameters based, at least in part, on the number of write operations
performed on the memory device;

applying the adjusted write parameters to perform write operations on a plurality of
memory cells responsive to a write command, wherein adjusting write parameters based, at
least in part, on the number of write operations performed on the memory device comprises:

comparing, by control logic, the number of write operations to a plurality of write cycle
bins to determine an applicable write cycle bin;

identifying a set of applicable write parameters based, at least in part on the
applicable write cycle bin; and

adjusting the write parameters according to the identified set of applicable write
parameters,

wherein the plurality of write cycle bins are defined by ranges of write operations
having a minimum number of write operations and a maximum number of write operations,
wherein a first range of a first write cycle bin overlaps with a second range of a second write
cycle bin.

17. The method of claim 16, further comprising:
executing at least one write operation on the plurality of memory cells according to
the set of write parameters.

18. The method of claim 16, wherein identifying the number of write operations is
responsive to powering on or powering off the memory device.

19. The method of claim 16, wherein the number of write operations is periodically
updated.

20. The method of claim 16, wherein each of the plurality of write cycle bins is associated
with a different set of write parameters.

21. The method of claim 16, wherein the each of the ranges of write operations overlaps
with an adjacent range of write operations.

22. The method of claim 16, wherein adjusting the write parameters is responsive to
receiving a command to establish a set of write parameters for a memory device.

23. A method comprising:

receiving, by control logic, a command to establish a set of write parameters for a
memory device;

receiving, by the control logic, a current number of write operations performed by the
memory device;

receiving, by the control logic, a parameter table defining a plurality of write cycle
bins;
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comparing, by the control logic, the current number of write operations to the plurality
of write cycle bins to determine an applicable write cycle bin; and

providing the set of write parameters to the memory device based, at least in part, on
the applicable write cycle bin, wherein each of the plurality of write cycle bins is defined by a
range of write operations having a minimum number of write operations and a maximum
number of write operations, wherein a first range of a first write cycle bin overlaps with a
second range of a second write cycle bin.

24. The method of claim 23, further comprising:
storing the parameter table in at least one of a register, a cache memory, or a
random access memory.

25. The method of claim 23, further comprising:
executing at least one write operation according to the set of write parameters.

26. The method of claim 23, further comprising:
periodically receiving, by the control logic, an updated number of write operations.

27. The method of claim 26, wherein the command to establish the set of write
parameters is received in conjunction with receiving the updated number of write operations.

28. The method of claim 23, wherein comparing the current number of write operations to
the plurality of write cycle bins comprises determining a write cycle bin having a minimum
number of write cycles that is less than the current number of write cycles and a maximum
number of write cycles that is greater than the current number of write cycles.

29. The method of claim 23, wherein the set of write parameters comprises at least one
of a programming voltage, pulse shape, leading edge, trailing edge, and pulse duration.
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