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REFRESH LOGIC TO REFRESH ONLY MEMORY CELLS HAVING A
FIRST VALUE

TECHNICAL FIELD
Embodiments described herein generally relate to a non-volatile memory

device.

BACKGROUND
Phase change memory is a type of non-volatile (NV) random-access
(RAM) computer memory that works by changing the resistance across a
dielectric solid-state material often referred to as a memristor. Phase change
memory cells are programmed by applying either a SET voltage or a RESET
voltage. The SET transitions cells from a high resistance state to a low resistance
state and the RESET brings the cells from a low resistance state to a high

resistance state.

BRIEF DESCRIPTION OF THE DRAWINGS

Embodiments are described by way of example, with reference to the
accompanying drawings, which are not drawn to scale, in which like reference
numerals refer to similar elements.

FIG. 1 illustrates distributions of the low and high resistance states of
memory cells after the data has been refreshed.

FIG. 2 illustrates distributions of the high and low resistance states of
memory cells that drift upward over time.

FIG. 3 illustrates an embodiment of a non-volatile storage device, which
may comprise a memory or storage device.

FIG. 4 illustrates an embodiment of operations to refresh memory cells as
part of a first refresh logic.

FIG. 5 illustrates a distribution of low and high resistance states of

memory cells after performing the operations of FIG. 4.
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FIG. 6 illustrates an embodiment of operations to refresh memory cells as
part of second refresh logic.

FIG. 7 illustrates a system in which the memory device of FIG. 3 may be
deployed.

DESCRIPTION OF EMBODIMENTS

The resistance of the cells in a phase change memory can experience a
drift toward higher resistance levels. For this reason, the resistance settings in the
memory cells must be refreshed to avoid read errors that may be introduced by the
drift effect.

Current phase change memories having resistance change memory cells
may experience a drift in the resistance in the upward direction. FIG. 1 illustrates
a distribution of the resistance after the values are initially set, where the SET
lower resistance state cells have a distribution in the lower range and the RESET
higher resistance state cells have a distribution in the higher range. The read
window shows the difference between the distributions. The greater the read
window the less likelihood of read errors because of the greater ability to
distinguish the resistance state of the low resistance and high resistance states.

However, over time, the resistance of the cells for both high and low
resistances drift in the upward voltage direction as shown in FIG. 2. FIG. 2 shows
that the drift reduces the read window from its length in FIG. 1, as the right tail of
the distribution of the lower resistance state cells approaches the left tail of the
distribution of the high resistance cells. This reduction in the read window
increases the likelihood of read errors in determining the low resistance state of
cells at the right of the drifted distribution.

To address the concern of drift, memory devices need to refresh the
memory cells. Many memory devices perform a refresh by refreshing the values
for the memory cells for all of the values, i.¢., regardless of whether the cell that is
read has a first state or second state, for example, one state corresponding to a
SET voltage (low resistance state), the other state corresponding to a RESET

voltage (high resistance state).
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Described embodiments seek to reduce the energy consumption required
for the refresh operation by only refreshing the cells having the lower resistance
state. For memory devices experiencing an upward drive in the voltage, the high
resistance cells do not need to be reset because high resistance cells drifting
upward in resistance have even a lower read error rate. Thus, described
embodiments optimize the refresh process and reduce memory consumption by
reducing the number of writes required for the refresh by limiting the write
operation to only the cells having the lower resistance state.

In the following description, numerous specific details such as logic
implementations, opcodes, means to specify operands, resource
partitioning/sharing/duplication implementations, types and interrelationships of
system components, and logic partitioning/integration choices are set forth in
order to provide a more thorough understanding of the present invention. It will
be appreciated, however, by one skilled in the art that the invention may be
practiced without such specific details. In other instances, control structures, gate
level circuits and full software instruction sequences have not been shown in
detail in order not to obscure the invention. Those of ordinary skill in the art, with
the included descriptions, will be able to implement appropriate functionality
without undue experimentation.

2% ¢

References in the specification to “one embodiment,” “an embodiment,”

“an example embodiment,” etc., indicate that the embodiment described may

include a particular feature, structure, or characteristic, but every embodiment

may not necessarily include the particular feature, structure, or characteristic.

Moreover, such phrases are not necessarily referring to the same embodiment.

Certain embodiments relate to storage device electronic assemblies.

Embodiments include both devices and methods for forming electronic assemblies.
FIG. 3 illustrates an embodiment of a non-volatile memory device 300

having a controller 302 and a memory array 304 of non-volatile memory cells.

The non-volatile memory device 300 may function as both a memory device

and/or a storage device in a computing system, and may be used to perform the

role of volatile memory devices and disk drives in a computing system. In an
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embodiment, the non-volatile memory device 300 may be a solid state drive
(SSD). The controller 302 includes first refresh logic 306 to drive periodic refresh
operations at a first refresh rate and second refresh logic 308 to drive a different
type of refresh operations at second refresh rate, where the second refresh rate
occurs at longer interval than the first refresh rate. The controller 302 includes
various other logic to perform additional memory management operations.

In certain embodiments, the memory array 304 may comprise phase
change memory cells that are set to a low resistance state value to indicate a first
value, such as a logical zero, and a high resistance state to indicate a second value,
such as a logical one. The initial distribution of the memory cells in the low and
high resistance states may be as shown in FIG. 1. In further embodiments, the
distribution of the resistance of the memory cells have a tendency to drift toward a
higher voltage, such as shown in FIG. 2.

The non-volatile memory device 300 may comprise any non-volatile
memory that has memory cells that have a tendency to drift toward a higher
resistance value, such as a phase change memory or other similar devices. The
cells in the memory array 304 may be arranged in a Three Dimensional (3D)
multi-layer cross point memory array structure.

FIG. 4 illustrates an embodiment of operations performed by the first
refresh logic 306 to SET the values for the memory cells having the low resistance
state. The first refresh logic 306 may be initiated periodically at a rate that is
determined to avoid the drift of the distribution of the low resistance state memory
cells from reducing the size of the read window to an extent that results in an
unacceptable level of read errors resulting from the reduction in the read window
as shown in FIG. 2. Thus, the first refresh logic 306 refresh rate is based on a
rate needed to reset the low resistance state memory cells before the read window
shrinks to a level that starts resulting in a high level of read errors of the memory
cells set to the low resistance state.

Upon initiating (at block 400) the refresh operation, the first refresh logic
306 performs a loop of operations at blocks 401 through 407 to read a group of

memory cells until all memory cells in the memory array 304 have been read. At
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block 402, a group of memory cells in the memory array 304 is read. In a 3D
cross point memory array structure embodiment, a group of memory cells is read
by a single read operation (Vrrap) that drives a read current on wordline to read
the cells on the bitlines that cross the read wordline. In this way groups of cells
that are read comprise the cells read on the wordline. In alternative embodiments,
other techniques may be used to read a group of cells in the memory array 304.
With described embodiments, the first refresh logic 306 is enabled to selectively
write the SET state to the memory cells without writing the cells in the RESET
state.

A loop of operations is then performed at blocks 403 through 406 for ecach
of the read memory cells in the group. If (at block 404) the read cell is at a first
value (such as a low resistance state), then the first refresh logic 306 writes the
read value to the cell. In Resistive Random Access Memory (RRAM)
embodiments, the SET operation may be used to reset the cell read to the low
resistance state. If (at block 404) the read cell has the second value (such as a
high resistance state), then that cell is not rewritten and control proceeds to block
406 to read a next cell in the group.

With the operations of FIG. 4, only cells having the low resistance state
are rewritten or refreshed, while cells having the high resistance state are
unchanged. The execution of the first refresh logic 306 results in the cell
distribution shown in FIG. 5 where the low resistance state cells distribution is
returned to the initial distribution and the read window is returned to the initial
read window shown in FIG. 1. However, as a result of the first refresh logic 306,
the high resistance state cells are allowed to continue to drift toward a higher
resistance value because their drift does not affect the read window and read error
rate.

The operations of FIG. 4 conserve energy by only performing the write
operation with respect to low resistance state cells to avoid expending energy to
also refresh the high resistance state cells. In embodiments, where there are
generally an equal number of cells having the high and low resistance states, the

embodiments of FIG. 4 will reduce, for the stated condition (equal high and low),
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the number of refresh operations by 50% or more. Further, the operations during
a refresh for high and low resistance states consumes more energy and takes
longer time than regular write operations. Reducing refresh operations by 50%
could result in a reduction in energy consumption on the order of 50% or less.
For memory devices 300 with an equal number of cells having high and low
resistance states (as, for example, systems with randomized data), and for
technologies with equal SET and RESET energy consumption, reducing the
number of refresh operations by 50% will reduce the total refresh energy
consumption by 50%. Actual energy consumption is a function of the relative
energy consumption of SET and RESET refresh operations.

FIG. 6 illustrates an embodiment of operations performed by the second
refresh logic 308 at a refresh rate having a longer interval than the first refresh
logic 306 refresh rate. The second refresh logic 308 is intended to be performed
to reset the high resistance state cells to avoid the occurrence of a significant drift
of the high resistance state cells over an extended time to a resistance level where
they cannot be RESET to the high resistance state as shown in FIG. 1. Thus, the
refresh rate for the second refresh logic 308 is the extended time needed to reset
the high resistance state cells before their resistance drifts to a point where they
cannot be reset, which can be several years.

Upon initiating (at block 600) the second refresh operation, the second
refresh logic 308 performs a loop of operations at blocks 601-604 to read a group
of memory cells until all memory cells in the memory array 304 have been read.
At block 602, a group of memory cells in the memory array 304 is read. As
mentioned, in a 3D cross point memory array structure embodiment, a group of
memory cells is ready by a single read operation (Vreap). For each of the read
memory cells, the second refresh logic 308 writes the read value back to the
memory cell. If a low resistance state is read, then the second refresh logic 308
performs a SET operation to write back the low resistance state. If a high
resistance state is read, then the second refresh logic 308 performs a RESET
operation to set the cell to the high resistance state. The result of the operations

of FIG. 6 is to return the memory cells to the initial distribution and initial read
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window shown in FIG. 1, and to reset the high resistance state cells so that they do
not drift to a resistance level at which they cannot be reset.

In an alternative embodiment, the second refresh logic 308 may only write
the read value if a high resistance state value is read, and not write back the low
resistance state if the low resistance state is read. This conserves energy by only
writing those cells that have the high resistance state. The low resistance state
memory cells are SET as part of the more frequently occurring first refresh logic
306.

FIG. 7 illustrates an embodiment of a system 700 in which the non-volatile
memory device 300 may be deployed as the volatile memory device 708 and/or a
non-volatile memory device 710. The system includes a processor 700 that
communicates over a bus 706 with a volatile memory device 708 in which
programs, operands and parameters being executed are cached, and a non-volatile
storage device 710. The processor 704 may also communicate with Input/Output
(I/0) devices 712a, 712b, which may comprise input devices, display devices,
graphics cards, ports, network interfaces, etc. The non-volatile storage device
710 may be inserted in a memory slot on the system 700 motherboard, mounted
on the system 700 mother board, in an external memory device or accessible over
a network.

It should be appreciated that reference throughout this specification to
“one embodiment” or “an embodiment” means that a particular feature, structure
or characteristic described in connection with the embodiment is included in at
least one embodiment of the present invention. Therefore, it is emphasized and
should be appreciated that two or more references to “an embodiment” or “one
embodiment” or “an alternative embodiment” in various portions of this
specification are not necessarily all referring to the same embodiment.
Furthermore, the particular features, structures or characteristics may be combined
as suitable in one or more embodiments of the invention.

Similarly, it should be appreciated that in the foregoing description of
embodiments of the invention, various features are sometimes grouped together in

a single embodiment, figure, or description thereof for the purpose of streamlining
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the disclosure aiding in the understanding of one or more of the various inventive
aspects. This method of disclosure, however, is not to be interpreted as reflecting
an intention that the claimed subject matter requires more features than are
expressly recited in each claim. Rather, as the following claims reflect, inventive
aspects lie in less than all features of a single foregoing disclosed embodiment.
Thus, the claims following the detailed description are hereby expressly

incorporated into this detailed description.

EXAMPLES
The following examples pertain to further embodiments.

Example 1 is an apparatus comprising a plurality of non-volatile memory
cells; and memory control logic that when executed performs operations, the
operations comprising: initiating a refresh operation; in response to the refresh
operation, performing a read of the non-volatile memory cells to read values of
the memory cells; determining whether the read memory cells have a first value or
a second value; and for the memory cells determined to have the first value,
rewriting the determined first value to the memory cell, wherein the rewriting
operation is not performed with respect to memory cells determined to have the
second value.

In Example 2, the subject matter of Example 1 can optionally include that
the first value is initially set to a low resistance state and wherein the second value
is initially set to a high resistance state, wherein the memory cells exhibit a
characteristic to drift upward toward a higher resistance from their current
resistance over time.

In Example 3, the subject matter of Example 1 and 2 can optionally
include that prior to the drift, a read window between the distribution of the cells
set to the low resistance state and the distribution of the cells set to the high
resistance state has an initial resistance distance, wherein the drift causes the read
window to shrink by having the resistance distribution of the cells initially set to
the low resistance state drift toward the resistance distribution of the cells initially

set to the high resistance state, and wherein the refresh operation changes the
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distribution of the cells in the low resistance state to substantially returns the read
window to the initial resistance distance.

In Example 4, the subject matter of Examples 1-3 can optionally include
that the plurality of memory cells are arranged in a 3D multi-layer cross point
memory array.

In Example 5, the subject matter of Example 1-4 can optionally include
that the memory cells comprise phase change memory cells, wherein the first
value is represented by a low resistance state and the second value is represented
by a high resistance state.

In Example 6, the subject matter of Examples 1-5 can optionally include
that the refresh operation comprises a first refresh operation performed
periodically at a first time interval, wherein the operations further comprise:
initiating a second refresh operation periodically at a second time interval; in
response to the second refresh operation, performing a read of the memory cells to
read values of the memory cells; and for the memory cells having the second
value, writing the second value back to the memory cell.

In Example 7, the subject matter of Examples 2-6 can optionally include
that the operations in response to the second refresh operation further comprise:
for each of the memory cells having the first value, writing the first value back to
the memory cell.

In Example 8, the subject matter of Examples 2-7 can optionally include
that the second time interval is greater than the first time interval.

In Example 9, the subject matter of Examples 2-8 can optionally include
that the memory cells in the first value are in a SET state and wherein the memory
cells having the second value are in a RESET state, wherein the control logic is
enabled to selectively write the SET state to the memory cells without writing the
cells in the RESET state.

Example 10 is a method for refreshing a plurality of memory cells in a
non-volatile memory device, comprising:  initiating a refresh operation; in
response to the refresh operation, performing a read of the memory cells to read

values of the memory cells; determining whether the read memory cells have a
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first value or a second value; and for the memory cells determined to have the first
value, rewriting the determined first value to the memory cell, wherein the
rewriting operation is not performed with respect to memory cells determined to
have the second value.

In Example 11, the subject matter of Example 10 can optionally include
that the first value is initially set to a low resistance state and wherein the second
value is initially set to a high resistance state, wherein the memory cells exhibit a
characteristic to drift upward toward a higher resistance from their current
resistance over time.

In Example 12, the subject matter of Examples 10 and 11 can optionally
include that prior to the drift, a read window between the distribution of the cells
set to the low resistance state and the distribution of the cells set to the high
resistance state has an initial resistance distance, wherein the drift causes the read
window to shrink by having the resistance distribution of the cells initially set to
the low resistance state drift toward the resistance distribution of the cells initially
set to the high resistance state, and wherein the refresh operation changes the
distribution of the cells in the low resistance state to substantially returns the read
window to the initial resistance distance.

In Example 13, the subject matter of Examples 10-12 can optionally
include that the plurality of memory cells are arranged in a 3D multi-layer cross
point memory array.

In Example 14, the subject matter of Examples 10-13 can optionally
include that the memory cells comprise phase change memory cells, wherein the
first value is represented by a low resistance state and the second value is
represented by a high resistance state.

In Example 15, the subject matter of Examples 10-14 can optionally
include that the refresh operation comprises a first refresh operation performed
periodically at a first time interval, further comprising: initiating a second refresh
operation periodically at a second time interval; in response to the second refresh

operation, performing a read of the memory cells to read values of the memory
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cells; and for the memory cells having the second value, writing the second value
back to the memory cell.

In Example 16, the subject matter of Examples 10-15 can optionally
include that for each of the memory cells having the first value, writing during the
second refresh operation the first value back to the memory cell.

In Example 17, the subject matter of Examples 10-16 can optionally
include that the second time interval is greater than the first time interval.

In Example 18, the subject matter of Examples 10-17 can optionally
include that the memory cells in the first value are in a SET state and wherein the
memory cells having the second value are in a RESET state, wherein the control
logic is enabled to selectively write the SET state to the memory cells without
writing the cells in the RESET state.

In Example 19, the subject matter of Example 10 can optionally include at
least one step of:

(1) wherein the first value is initially set to a low resistance state and
wherein the second value is initially set to a high resistance state, wherein the
memory cells exhibit a characteristic to drift upward toward a higher resistance
from their current resistance over time; and/or

(2) wherein prior to the drift, a read window between the distribution of
the cells set to the low resistance state and the distribution of the cells set to the
high resistance state has an initial resistance distance, wherein the drift causes the
read window to shrink by having the resistance distribution of the cells initially
set to the low resistance state drift toward the resistance distribution of the cells
initially set to the high resistance state, and wherein the refresh operation changes
the distribution of the cells in the low resistance state to substantially returns the
read window to the initial resistance distance; and/or

(3) wherein the plurality of memory cells are arranged in a 3D multi-layer
cross point memory array; and/or

(4) wherein the memory cells comprise phase change memory cells,
wherein the first value is represented by a low resistance state and the second

value is represented by a high resistance state; and/or

11
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(5) wherein the refresh operation comprises a first refresh operation
performed periodically at a first time interval, further comprising: initiating a
second refresh operation periodically at a second time interval; in response to the
second refresh operation, performing a read of the memory cells to read values of
the memory cells; and for the memory cells having the second value, writing the
second value back to the memory cell; and/or

(6) for cach of the memory cells having the first value, writing during the
second refresh operation the first value back to the memory cell; and/or

(7) wherein the second time interval is greater than the first time interval;
and/or

(8) wherein the memory cells in the first value are in a SET state and
wherein the memory cells having the second value are in a RESET state, wherein
the control logic is enabled to selectively write the SET state to the memory cells
without writing the cells in the RESET state.

Example 20 is an apparatus comprising means to perform a method as
claimed in any preceding claim.

Example 21 is a system, comprising: a processor; a bus interface coupled
to the processor; and non-volatile memory device coupled to the bus interface to
which the processor performs Input/Output operations, comprising;: a
plurality of memory cells; and memory control logic that when executed performs
operations, the operations comprising: initiating a refresh operation; in response to
the refresh operation, performing a read of the memory cells to read values of the
memory cells; determining whether the read memory cells have a first value or a
second value; and for the memory cells determined to have the first value,
rewriting the determined first value to the memory cell, wherein the rewriting
operation is not performed with respect to memory cells determined to have the
second value.

In Example 22, the subject matter of Example 21 can optionally include
that the first value is initially set to a low resistance state and wherein the second

value is initially set to a high resistance state, wherein the memory cells exhibit a
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characteristic to drift upward toward a higher resistance from their current
resistance over time.

In Example 23, the subject matter of Examples 21 and 22 can optionally
include that prior to the drift, a read window between the distribution of the cells
set to the low resistance state and the distribution of the cells set to the high
resistance state has an initial resistance distance, wherein the drift causes the read
window to shrink by having the resistance distribution of the cells initially set to
the low resistance state drift toward the resistance distribution of the cells initially
set to the high resistance state, and wherein the refresh operation changes the
distribution of the cells in the low resistance state to substantially returns the read
window to the initial resistance distance.

In Example 24, the subject matter of Examples 21-23 can optionally
include that the plurality of memory cells are arranged in a 3D multi-layer cross
point memory array.

In Example 25, the subject matter of Examples 21-24 can optionally
include that the memory cells comprise phase change memory cells, wherein the
first value is represented by a low resistance state and the second value is
represented by a high resistance state.

In Example 26, the subject matter of Examples 21-25 can optionally
include that the refresh operation comprises a first refresh operation performed
periodically at a first time interval, wherein the operations further comprise:
initiating a second refresh operation periodically at a second time interval; in
response to the second refresh operation, performing a read of the memory cells to
read values of the memory cells; and for the memory cells having the second
value, writing the second value back to the memory cell.

In Example 27, the subject matter of Examples 21-26 can optionally
include that the memory cells in the first value are in a SET state and wherein the
memory cells having the second value are in a RESET state, wherein the control
logic is enabled to selectively write the SET state to the memory cells without

writing the cells in the RESET state.
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Example 28 is an apparatus for refreshing a plurality of memory cells in a
non-volatile memory device, comprising: means for initiating a refresh operation;
means for performing a read of the memory cells to read values of the memory
cells in response to the refresh operation; means for determining whether the read
memory cells have a first value or a second value; and means for rewriting the
determined first value to the memory cell, wherein the rewriting operation is not
performed with respect to memory cells determined to have the second value for
the memory cells determined to have the first value.

In Example 29, the subject matter of Example 28 can optionally include
that the first value is initially set to a low resistance state and wherein the second
value is initially set to a high resistance state, wherein the memory cells exhibit a
characteristic to drift upward toward a higher resistance from their current
resistance over time.

In Example 30, the subject matter of Examples 28 and 29 can optionally
include that the refresh operation comprises a first refresh operation performed
periodically at a first time interval, further comprising: means for initiating a
second refresh operation periodically at a second time interval; means for
performing a read of the memory cells to read values of the memory cells in
response to the second refresh operation; and means for writing the second value
back to the memory cell for the memory cells having the second value.

Example 23 is a machine-readable storage including machine-readable
instructions, when executed, to implement a method or realize an apparatus or

system as claimed in any preceding claim.
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WHAT IS CLAIMED
1. An apparatus, comprising:
a plurality of non-volatile memory cells; and
memory control logic that when executed performs operations, the operations
comprising:
initiating a refresh operation;
in response to the refresh operation, performing a read of the non-
volatile memory cells to read values of the memory cells;
determining whether the read memory cells have a first value or a
second value; and
for the memory cells determined to have the first value, rewriting the
determined first value to the memory cell, wherein the rewriting operation is
not performed with respect to memory cells determined to have the second

value.

2. The non-volatile memory device of claim 1, wherein the first value is
initially set to a low resistance state and wherein the second value is initially set to a
high resistance state, wherein the memory cells exhibit a characteristic to drift upward

toward a higher resistance from their current resistance over time.

3. The non-volatile memory device of claim 2, wherein prior to the drift,
a read window between the distribution of the cells set to the low resistance state and
the distribution of the cells set to the high resistance state has an initial resistance
distance, wherein the drift causes the read window to shrink by having the resistance
distribution of the cells initially set to the low resistance state drift toward the
resistance distribution of the cells initially set to the high resistance state, and wherein
the refresh operation changes the distribution of the cells in the low resistance state to

substantially returns the read window to the initial resistance distance.

4. The non-volatile memory device of claim 2, wherein the plurality of

memory cells are arranged in a 3D multi-layer crosspoint memory array.
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5. The non-volatile memory device of claim 1, wherein the memory cells
comprise phase change memory cells, wherein the first value is represented by a low

resistance state and the second value is represented by a high resistance state.

6. The non-volatile memory device of claim 1, wherein the refresh
operation comprises a first refresh operation performed periodically at a first time
interval, wherein the operations further comprise:

initiating a second refresh operation periodically at a second time interval;

in response to the second refresh operation, performing a read of the memory
cells to read values of the memory cells; and

for the memory cells having the second value, writing the second value back

to the memory cell.

7. The non-volatile memory device of claim 6, wherein the operations in
response to the second refresh operation further comprise:
for each of the memory cells having the first value, writing the first value back

to the memory cell.

8. The non-volatile memory device of claim 6, wherein the second time

interval is greater than the first time interval.

9. The non-volatile memory device of claim 1, wherein the memory cells
in the first value are in a SET state and wherein the memory cells having the second
value are in a RESET state, wherein the control logic is enabled to selectively write

the SET state to the memory cells without writing the cells in the RESET state.

10. A method for refreshing a plurality of memory cells in a non-volatile
memory device, comprising;:

initiating a refresh operation;

in response to the refresh operation, performing a read of the memory cells to
read values of the memory cells;

determining whether the read memory cells have a first value or a second

value; and
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for the memory cells determined to have the first value, rewriting the
determined first value to the memory cell, wherein the rewriting operation is not

performed with respect to memory cells determined to have the second value.

11.  The method of claim 10, wherein the first value is initially set to a low
resistance state and wherein the second value is initially set to a high resistance state,
wherein the memory cells exhibit a characteristic to drift upward toward a higher

resistance from their current resistance over time.

12.  The method of claim 11, wherein prior to the drift, a read window
between the distribution of the cells set to the low resistance state and the distribution
of the cells set to the high resistance state has an initial resistance distance, wherein
the drift causes the read window to shrink by having the resistance distribution of the
cells initially set to the low resistance state drift toward the resistance distribution of
the cells initially set to the high resistance state, and wherein the refresh operation
changes the distribution of the cells in the low resistance state to substantially returns

the read window to the initial resistance distance.

13.  The method of claim 11, wherein the plurality of memory cells are

arranged in a 3D multi-layer cross point memory array.

14.  The method of claim 10, wherein the memory cells comprise phase
change memory cells, wherein the first value is represented by a low resistance state

and the second value is represented by a high resistance state.

15. The method of claim 10, wherein the refresh operation comprises a
first refresh operation performed periodically at a first time interval, further
comprising:

initiating a second refresh operation periodically at a second time interval;

in response to the second refresh operation, performing a read of the memory
cells to read values of the memory cells; and

for the memory cells having the second value, writing the second value back

to the memory cell.
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16. The method of claim 15, further comprising:
for each of the memory cells having the first value, writing during the second

refresh operation the first value back to the memory cell.

17.  The method of claim 15, wherein the second time interval is greater

than the first time interval.

18.  The method of claim 10, wherein the memory cells in the first value
are in a SET state and wherein the memory cells having the second value are in a
RESET state, wherein the control logic is enabled to selectively write the SET state to
the memory cells without writing the cells in the RESET state.

19. A system, comprising:
a processor;
a bus interface coupled to the processor; and
non-volatile memory device coupled to the bus interface to which the
processor performs Input/Output operations, comprising;:
a plurality of memory cells; and
memory control logic that when executed performs operations, the
operations comprising:
initiating a refresh operation;
in response to the refresh operation, performing a read of the
memory cells to read values of the memory cells;
determining whether the read memory cells have a first value or
a second value; and
for the memory cells determined to have the first value,
rewriting the determined first value to the memory cell, wherein the
rewriting operation is not performed with respect to memory cells

determined to have the second value.

20.  The system of claim 19, wherein the first value is initially set to a low
resistance state and wherein the second value is initially set to a high resistance state,
wherein the memory cells exhibit a characteristic to drift upward toward a higher

resistance from their current resistance over time.
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21.  The system of claim 20, wherein prior to the drift, a read window
between the distribution of the cells set to the low resistance state and the distribution
of the cells set to the high resistance state has an initial resistance distance, wherein
the drift causes the read window to shrink by having the resistance distribution of the
cells initially set to the low resistance state drift toward the resistance distribution of
the cells initially set to the high resistance state, and wherein the refresh operation
changes the distribution of the cells in the low resistance state to substantially returns

the read window to the initial resistance distance.

22.  The system of claim 20, wherein the plurality of memory cells are

arranged in a 3D multi-layer cross point memory array.

23.  The system of claim 19, wherein the memory cells comprise phase
change memory cells, wherein the first value is represented by a low resistance state

and the second value is represented by a high resistance state.

24.  The system of claim 19, wherein the refresh operation comprises a first
refresh operation performed periodically at a first time interval, wherein the
operations further comprise:

initiating a second refresh operation periodically at a second time interval;

in response to the second refresh operation, performing a read of the memory
cells to read values of the memory cells; and

for the memory cells having the second value, writing the second value back

to the memory cell.

25.  The system of claim 19, wherein the memory cells in the first value are
in a SET state and wherein the memory cells having the second value are in a RESET
state, wherein the control logic is enabled to selectively write the SET state to the

memory cells without writing the cells in the RESET state.
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