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APPARATUSES INCLUDING MEMORY CELLS AND METHODS OF
OPERATION OF SAME

BACKGROUND

{081} Traditional memory cells mclude a memory element, which is used 1o store a
logic state, and a selector device. The memory element and selector device may be
located af & cross-point of a first access line (.., word line) and a second access line
{e.g., bit line) in a memory array having a cross-point architecture. The selector may be
coupled 1o the word line and the memory element mav be coupled to the bit Hoe in
some architeciures. The memory element may be a phase change material i some
architectures. The memory element may be programmed into one of two detectable
states {e.g., set and veset) which may correspond to two logic states feg. "0" and 17}
In some architectures, the two states may be differentiated by the threshold voliage of
the memory cell

o2} The threshold voltage may be dependent on the siate of the memory ¢lement
and the selector device. The selector device may reduce leakage currents and allow
selection of a single memory element for reading dat andéor writing data. However,
the threshold voltage of the selector device may drift over time. For example, the
selector device may have threshold voltage unbiased duift, which may cause the
threshold voltage of the selector device to continuously increase over time.  The
mnstability of the threshold voltage of the selector device may cause instability m the
threshold voltage of the memory cell as a whole. Instability in the threshold voltage of
the memory cell may make it move difficalf or impossible to determine the state

programmed to the memory cell,

SUMMARY
{003} An example apparatus according to principles of the present disclosure may

include 2 memory cell that may include a memory element and a selector device
electrically coupled to the memory element, a first memory access line coupled to the
memory cell, a second memory access line coupled to the memory cell, a frst access
line driver coupled to the first memery access line, a second gecess hne driver coupled
to the second memory access line, and a control logic that may be configured to control

the first and second access line drivers to provide g programming pulse, wherein at
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least a portion of the programming pulse is provided in a first polarity across the
memory cell to program a logic state to the memory element and provide 4 read pulse
in @ second polarity across the memory cell to determine the logic state of the memory
element.

{084} Another example apparatus according to principles of the present disclosure
way melude @ memory cell dtuding v storage clemient, & fivst memory access hine
coupled to the memory cell, a second memory access line coupled to the memory cell, a
first access line driver coupled to the fixst memory access line; a second access line
driver coupled to the second memory access lne, and g control logic that may be
configured to control the first and second access line drivers 1o provide g programming
pulse having a first portion and a second poriion across the memory cell to program a
logic state to the storage element and provide a read pulse in a first polarity across the
memeory cell 1o determine the logic state of the memory cell.

[065] An example method according to principles of the present disclosure may
mchide applyving a programming pulse across a memory cell in a first polanty, wherein
the programming pulse is configured to program a logic state to a memory clement of
the memory cell, and applving a read pulse across the memory cell 10 a second polarity,
wherein the read pulse s configored to determine the logic state of the memory
element,

{005} Another-exanmple method according to principles of the present disclosure may
inclode applying o first portion of a programming pulse in a first polarity across a
memery cell, spplving g second portion of a programuming pulse in a second polarity
across the memery cell, and applving a read pulse 1o the first polarity across the
memory cell wherein the read pulse is configured to determine a logic state of the

memory cell.

BRIEF DESCRIPTION OF THE DRAWINGS

[007] FIG. 1 a voltage plot of threshold voltage distuibution and drift in a mewory
avay.
joas] FIG. 24 13 a block disgram of & memiory according to an embodiment of the

disclosure.
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[665] FIG. 2B is a block diagram of a memory array according to an embodiment of
the disclosure.

1816} FIG. ¥is a schematic itlustration of a portion of a memory wrray according to an
embodiment of the disclosure.

{o1y] FIG. 4 5 a schematic illustration of a portion of a memory array according to an
embodiment of the disclosure.

{012} FIG. 3 is g schematic HHlustration of a portion of a memory areay according to an
emhodiment of the disclosure.

013} FIG. 6A s a voltage plot of an example programuming pulse and an example
read pulse for 8 memory.

{014} FIG. 6B is a voltage plot of 8 progranyning pulse and a read pulse according to
an embodiment of the disclosure.

{e15] FIG. 7 is & voliage plot of 8 progranuming pudse having first and second portions
according to an embodiment of the discloswre.

TS FIG. 8A is a current plot of 8 programnying pulse secording to an embodiment

of the disclosure.

[017) FIG. 88 is & cuwrent plot of a programning pulse according to an embodiment
of the disclosure,

{018} FIG, @ 45 a flow chart of a method according to an embodiment of the
disclosure,

{019] FIG. 10 35 a flow chart of a method according to an embodiment of the
disclosure.

{024} FHy. 11 4s a schematic Hustration of a portion of a memory amay according to

an embodiment of the disclosure,

{821} FIG. 124 15 a voltage plot of & programming pulse having first and second
portions according to an embodiment of the disclosure.

022} FIG. 12B is & voltage plot of a programming pulse having first and second
portions according to an embodiment of the disclosure.

{023] FIG, 13 i3 a flow chart of a method according to an embodiment of the

disclosure.
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4
DETAILED DESCRIPTION
{024] Certain details are ser forth below to provide a sufficient understanding of

embodiments of the wvention. However, it will be clear to one skilled in the art that
embodiments of the invention may be practiced without these particular detarls,
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
to these partionlar embodiments.  In other mstances, well-known circuits, control
signals, timing protocols, and software operations have not been shown in detail in
order to avold unnecessarily obscuring the mvention,

[025] A memory array may include memery cells that each mcludes a memory
element and a selector device. In some embodiments, a memory artay may include
memory cells in which a single material and/or component acts as 2 memory element
and a selector device (e.g, a selfselecting material with memory properties). A
material andfor component that acts as both the memory element and the selector
device may be referred to as a storage element. Each memory cell may be programmed
to one of a plurality of logic states. The plurality of logic states may be associated with
differemt threshold voltages {e.g., Vin) of the memory cell and/or associated with
different threshold voltage properties exhibited by the memory cell. A memory cell
may exhibil a threshold voltage property, for example, by having or appearing to have a
particular threshold voltage. The memory cell may or may not experience a threshold
event when exhibiting the threshold voltage properties.

[026] A memory element of a memory cell may include a phase change material
{(PCM). In some gmbodiments, the PCM inclades a chalcogenide. When the POM g in
an amorphous state, the PCM may have g high resistance. This may be referred to as a
reset state. When the POM is in a crystalline or semi-crystalline siate, the PCM may
have a lower resistance than when in the amorphons state. This may be reforred to asa
setstate. In some embodiments, the PCM mav have multiple crystalline states that may
have distinot vesistance levels and correspond to different set states. The state of the
POCM may depend on a magnitude of a voltage andfor current of a programming pulse
applied across the memory cell.  As used herein, magnitede may refer to a voltage
magnitude or a current magnitude. The programming pulse may heat the memory

clement t0 a programming temperatare {eg, 500-700 degrees Celsius).  The

&
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programming palse may cause at least a portion of the POM of the memory element to
change phase {e.g., melt), at least temporarily. The change in phase may change the
state of the PCM (e.g., set, reset). The change of resistance between the states of the
PCM may affect a threshold voltage of the POM. For example, the memory element
may exhibit a different threshold voltage based, at least in part, on the crystalline state
of the PCM. The different threshold voltages may Correspond to different logio states
of the memory cell 1o some embodiments,

{027 A selector device may be a different material than the memory element in some
embodiments. In some embodiments, the sclector device may be a different PCM, a
chalcogenide material, andior chalcogenide alloy. However, the chalcogenide matenal
of the selector device may or may not undergo g phase change dwing reading andéor
programming. In some embodiments, the chalcogenide material may not be a phase
change material. In some embodiments, threshold voltage properties exhibited by the
selector device way depend on the relative voltage polarities of programmying and read
pulses applied across the memory cell.

{828] Figure 1 is a plot 10 of threshold voltages of memory cells which may be
included in a memory array. The threshokd voliages of the memory cells may increase
over time in a process referred to as voltage drift. The voltage drift may be unbiased or
biased voltage drift, which may be caused at least i part, by instability of selector
devices inchided in the memory-cells. Line 11 is a plot of the distribution of threshold
voltages of memory cells in an initial set state and tine 14 is a plot of the distribution of
threshold voltages of memory cells in an inftial resgt state. In some embodiments, set
and reset states may correspond fo logie states {e.g., 07 and “I7, respectively or *17 and
0, respectively). As shown in plot 10, when g read pulse is applied to a memory cell
at voltage: Vread, the voltage of ‘the read pulse 48 sbove the threshold voltages of
memory cells in the set state and below the threshold voltage of the memory cellsin the
reset state.  The state of & given memory cell may be determijned based on whether or
not it thresholds i response © the read pulse at Vieead,

10291 Over time, instability in the selector devices of the memory cells may cause the
distribution of set state threshold voltages to increase as shown by amrow 12, The
increase in threshold voltages mayv result in g new threshold voltage distribution of the

memory cells, Hustrated as line 13, After the distribotion has shifted, when a read
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pulse is applied at voltage Vread, some or all of the memory cells in the set state may
have a threshold voliage above the voltage Vread. [t may no longer be possible to
determine the state of the set memory cells with a threshold voltage above Vread. In
Fignwe 1, the memory cells in the set state that cannot be differentiated from memory
cells in the reset state are indicated by cirele 15,

{6836} Memory cells are typically programmed and read by applying programmniing and
read pulses with the same polarity. However, as will be described in more detail below,
applving progranuning andfor read pulses with different polarities may tmprove the
stability of the selector devices of the memory cells. This may reduce the extent of the
voltage dift of the threshold voltages of the memory cells, Forthermore, applving &
progranwning pulse having a portion with a voltage andfor current that heats the
selecior device below the meliing point of the memory element andior below the
programming temperature of the memory element may reduce the range of the
distribution of threshold voltages of the selector devices of the memory cefls.

{031} Programming and reading the memory cell in different polarities may not affect
the logic state andfor performance of the memory element of the memory cell in some
embodiments.  The logic state and/or performance of the memory element may be
dependent on the voltage, current, andior fime duration of the programming palse
applied across the memory cell. In some embodiments, programming and reading the
memory cell in different polarities may affect the pecformance of the selector device.
In somie envbodiiments, the threshold voltage dvift andfor disivibution. of threshold
voltages of the selector device may be nutigated, at least in part; by the polarities of the
programming and read pulses andior the relative polarities of the programming and
read pulses.

{032} Programming and reading operations may take advantage of different threshold
voltage propertics of the memory elenment and selecior device that result from the
different current andfor voltage magnitudes andfor polarities. Various currents andfor
voltages andior polarities yaav be applied to the memory cells with various thnings,
seguences, durations, ete. to affect the programming and reading operations, In some
embodiments, the programming pulse and the read pulse may have different polartties
o at least partially mitigate the voltage drift of the selector device. In some

embodiments, a progranming pulse may have a first portion {0 program a logic state to



WO 2018/080615 PCT/US2017/046585

~d

the memory element and a second portion to at least partially mitigate the voltage drift
andfor distribation of the selector device. The first and second portions of the
programming pulse may be based, at least in part, on the material properties of the
memory element andfor selector device. In some embodiments, the second portion of
the programvming pulse 38 a different polanity than the first portion. In some
embodiments, the second portion has a lower peak voltage andior current than the first
portion.  In some embodivents, a read polse may have a different polarity than the
second portion of the programuming pulse.

{033} Figure 2A illustrates an apparatus that includes a memory 100 according to an
embodiment of the present wvention. The memory M includes a memory grray 160
with a plarality of memory cells that are configured io store data. The memory cells
may be accessed in the array through the use of various access lings, word lines {Wls)
andfor 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 i a
memory array architecture. For example, in one embodiment, the memory cells are
arranged in a three-dimensional (3D) cross-point architecture. In other embodiments,
other memory array architectures may be used, for example, a single-deck cross-point
architecture, among others. The memory cells may be single level cells confipured to
store data for one bit of data. The memory cells may also be multi-level cells
configured to store ddta for more than one bit of data (e g, memory elements of the
memory cells may have muliple set states).

[034] An O bus 128 is comnected to an VO control circuit 120 that routes data
signals, address information signals, and other siguals between the FO bus 128 and an
internal data bus 122, an internal address bus 124, and/or awintemal commmand bus 126
An address register (not shown) may be provided address information by the 1O
contral circuit 120 to be temporarily stored.  In some embodiments, the O control
cirguit 120 may include the address register. The VO control cireutt 128 is coupled toa
status register 134 through a status register bus 132, Status bifs stored by the status
register 134 may be provided by the /G control cireuit 120 responsive to a read status
command provided o the memory 100, The status bits may have respective values o

indicate a status conditton of various aspects of the memory and its operation.
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[835] The memory Hi} also includes a control logic 110 that receives 3 number of
control signals 138 either externally or through the conumand bas 126 to control the
operation of the memory 100, The control signals 138 may be implemented with any
appropriate interface protocol. For exanple, the control signals 138 may be pin based,
as is common in dynamic vandom access memory and flash memory (e.g, NAND
flashy, or op-gode based. Exaople control signals 1538 include clock signals,
readiwrite/progran. signals, clock enable sigmals, et A command register 136 i3
coupled to the miernal command bus 126 to store information teceived by the 1O
conirol circuit 120 and provide the information to the control logic 110, The control
fogic 110 may further access & status register 134 through the status register bus 132,
for example, to update the status bits as status conditions change. The control logic 110
may be configured to provide internal control signals o vartous clrcuits of the memory
100, For example, responsive 1o receiving 2 moemory access command (e, read,
programy), the control logic 110 may provide internal control signals to contrel various
HSMOLY gecess circuits o perform a memory gocess operation. The various memory

ceess circuits are used during the memory access operation, and may generally include

2

circuits such as decoder circuifs, charge pump circuits, access line drivers, data and
cache registers, FO circuits, as well as others.

{036} The address register provides block-row address signals to a decoder circuit 140
and column address signals to a decoder civouit 180, The decoder circuit 140 and
decoder circuit 150 may be used to select blocks of memory cells for memory
operations, for example, read and program operations. The decoder circuit 140 and/or
the decoder circuat 158 may inclode one or more secess line drivers configwred to
provide signals 1o one or more of the access lines i the memory arvay 160 to perforn
memory operations: Forexample, read pulsey and program pulses may be provided to
the access lines for read and program operations. The access line drivers may be
coupled to access lines of the memory array 160. The access Hine drivers may drive the
access lines with a voltage that &5 provided by voltage civcuit 134, The voltage cirouit
154 may provide different voltages V1, V2, ..., VN with differeni polaritics during
operation of the memory {0, for example, during memory access operations. The
voltages V1, V2, .., VN provided by the voltage circuit 154 may include voltages that

are greater than a power supply voltage provided to the memory 100, voltages that are
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less than a reference voltage {e.g., ground) provided to the memory 100, as well as
other voltages.

1837} A data FO circoit 179 inclodes one oy more circuits configured to facilitate data
transfer between the FO control circuit 120 and the memory array 160 based on signals
received from the control logic 110, In varions embodiments, the data ¥O circuit 170
way include one or more sense amplifiers, registers, buffers, and other circuits for
sensing logic states, managing data transfer between the memory array 160 gnd the YO
control circuit 120, For example, during a write or program operation, the 1O control
circuit 120 receives the data to be written through the O bus 128 and provides the data
to the data VO circuit 170 via the internal data bus 122, The data VO circuit 170
writes/progranss the data to the memory array 160 based on contrel signals provided by
the conirol logic 110 at a location specified by the decoder circunit 149 and the decoder
circutt 150, During a read operation, the data YO circuit reads data from the memaory
array 160 based on control signals provided by the control logic HO & an addiess
specified by the decoder circuit 140 and the decoder cireuit 150, The data VO circnit
provides the read data to the VO control civcuit via the internal data bus 122, The VO
control circuit 120 then provides the read data on the 110 bus 128

{838] In some embodimenis, the control logic 110 controls circuits {e.g, access Hne
drivers) such that during a programming operation on a memory cell of the memory
array 160, a fivst voltage {e.g.. OV} may be provided to a selected word and a second
voltage may be provided to a selected bit Hne.  The memory cell may be at the
intersection of the selected word line and bit ling. The second voltage may be higher or
lower than the voltage provided to the word line, based on the logic state to be stored at
the address corresponding to the selected word hine and bit line. The magaitude of the
second voltage may be based on the logic state to be stored at the address
corresponding to the selected word line and bit line {e.g, +4V for 07, and +oV for °17).
In some embodiments, during & programming operation, the selected bit hoe may
abways be provided a specific voltage, and the word ling may be provided a veltage
higher or lower than the voliage of the bit line, based on the logic state to be stored at
the address. In some embodiments, the word line may be provided with multiple
voltage levels during 2 single programming operation.  In some embodiments, the word

line may be provided with multiple voltage levels during a single programming
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operation such that a polarity of the voltage changes daring the single programming
operation.

1839} To some embodiments, during a read operation on a memory cell, a first voliage
{e.g.. OV} may be provided to 8 selected word line gnd a second voltage {(e.g., -5V,
+5VYy may be provided to a selected bit line. The memory cell may be at the intersection
of the selected word line and bit Une. The second voliage miay be greater than or lesg
than the first voltage provided to the word line, however, the second voltage may
provide the same voltage polarity for every read operation.  The logic state of the
menory cell may be sensed by a sense amplifier coupled to the selected bit Tine. The
sensed fogic state of the memory cell may be provided o the data O cireuit 170,

[046] Figure 2B illustrates a memory armay 160 according to an embodiment of the
invention. The memory array 160 includes a plurality of access lings, for example,
access ines WLA0, WL-1, WL-2, WL-3, W4 and access hnes BL-0, BL-1, BL-2, BL-
3, Bl<4. Memory cells (not shown in Figure 1B) may be at the intersections of the
access lines, A plurality of individual or groups of memory cells of the mewory avcay
160 are accessible through the access lines WL-0, Wi~1, WE-2, WL-3, WL-4 and
access lines BL-O, BL-1, BL-2, BL-3_BL-4, Data may be read from or written to the
memory cells, A decoder circuit 140 is coupled to the phaality of access lines WL-0,
WL, WL-2, WL-3, WL-4, with respective access tine drivers 242, 243, 244 245 246
biasing each of the respective access bnes WLA0, W~ Wi-2 WL3E, W4 A
decoder circuit 150 is coupled o the plurality of dccess tmes BL-0, BL-1, BL-2, BL-3,
BL-4, with respective access line drrvers 282, 253, 254, 285, 256 bigsing each of the
respeetive access tines BL-0, BL-1, BL-2, BL-3, BL-4,

{041} Internal control signals are provided, for example, by the control logic 110 10
the access live drivers 282 253, 284, 235, 256 in order to bias the respective access
lings BL-O, BL-1, BL-Z, BL-3, BL-4. luterval control signals are also provided, for
example, also by the contred logic 110, to the access line drivers 242, 243 244, 245
246 iy order to bias the respective word Bags WL-D, Wi-~1, WL-2, WL-3, WL-4. The
control logic 110 may be a state machine that, upon receiving commands such gs read,
write, ete., determings which biasing signals need to be provided to which signal lines
at which biasing levels. The biasing signals that need to be provided to the access Hnes
WL-0, Wi-1, WL-2, WEL-3, W4, BL-O, BL-1, BL-2, BL-3, BL-4 way depend oo an
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operation that will be performed responsive 10 a received command. In some
embodiments, decoder cirepits 140, 150 may be capable of synunetrica! operation ina
first polarity and a second polarity. In some embodiments, the decoder circuits 140,
150 may be capshle of asymmetrical operation in the first polarity and second polarity,
For example, the decoder circpits 140, 130 may provide higher magnitude voltages
andfor currents in the first polarity and lower magnitude voltages andfor currents in the
second polarity.  In some embodiments, asymmeirical decoders may have a smaller
layout avea.

j042] Figare 3 is a dingram tllustrating g portion of an array 200 of memory cells
according to an embodiment of the disclosure.  The arrav 200 may be used to
implement the memory armay 160 of Figure 1 in some embodiments. In the example
ilustraied in Figere 2, the array 200 s a cross-point array including a first numbey of
conductive Hines 230-0, 230-1, . ., 230-N, e.g., access Hnes, which may be refernred to
heremn as-word Hines, and a second nomber of conductive lines 220-0, 220-1, . . ., 220~
M, e.g., access hines, which may be referved to herein as bit lines. A memory cell 225
is focated at each of the intérsections of the word lineg 230-0, 230-1, . .., 230-N and bit
lines 220-0, 3206-1, . . . 220-M and the memory cells 225 can function i a two-
terminal architecture, e.g., with a particular word Hne 230-0, 230-1, .. ., 230-N aud bit
line 220-0, 220-1, . ., 220-M serving as the electrodes for the memory cells 225,

{043} The rwemory cells 225 can be resistance variable memory cells, eg, RRAM
cells, CBRAM cells, PCRAM cells, andfor STT-RAM cells, among other types of
memory cells: The memory cell 225 can include a material programmmable to different
logic states {e.g., chaleogenide). For example, the memory cell 225 may inchede a
composition that may include selenium (Se), arsenic (As), germanium {Ge), silicon
€813, Telhwrium (Te), Antimony (5b) or combinations therepf. Other materials may also
be used. For ihstance, the memory cell 225 may be progeanumed o bave g particular
resistance andfor threshold voltage corresponding to particular logic states responsive
to applied programming voltage and/or current pulses, for instance. Embodiments are
not Hnited to g pacticular material o materials. For instance, the material can be a
chalcogenide formed of varicus doped or undoped materials. Other examples of
materials that can be used to form memory elements or selector devices include bingry

metal oxide miaterials, colossal magnetoresistive muaterials, andior vatious polymer
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based resistance variable materials, among others. In some embodiments, memory cells
225 of array 200 may each include a memory element and a selector device. In some
gmbodiments, the memory cells 225 may include a single material andfor component
that acts as g memory gloment snd a selector device {(e.g., 8 storage element).

{044 In operation, the memory cells 225 of array 200 can be programumed by
applying a voliage, eg. a programming voltage, atross the menmory cells 225 via
selecied word ftres 230-0,230-1, .. ., 230N and bit Hnes 220-0,.220-1, .. _, 220-M.
A sensing, e.g., vead, pperation can be used to determuine the data state of a memory cell
225 by sensing current, for example, on a bit hine 220-0, 220-1, . . . | 220-M
corresponding to the respeetive niemory cell responsive to a particidar voltage gpplied
to the selected word ling 230-0, 230-1, . ... , 230-N to which the respective cell is
coupled.

j045] Figure 4 15 a diagram illastrating a portion of an arrav 300 of memory cells, The
array 300 may be used o implement the memory aray 160 of Figwe 2A in some
embodiments. In the example illustrated in Figure 4, the artay 300 is configieed 10 a
cross-point memory array architecture, eg., 8 three-dimensional (3D) cross-point
memory array architecture. The ulti-deck cross-point memory array 300 includes a
number of successive memory cells, e.g, 208, 215, 228 disposed between aliernating,
e.g., interleaved, decks of word lines, ey, 230-0, 230-1, . 230-Nand 212-0, 212-1,
e 232N extending in a first divection and bit lines, e.g., 220-0, 220-1, . ., 220-M
and 234-0, 2141, . .| 214-M exdending in a second divection. The number of decks
can be expanded in number or can be reduced in number, for example. Each of the
memory cells 2058, 225 can be configured between word lines, e.g., 230-0, 230-1, . . .,
230-Nand 212-0, 212-1, . . ., 212-N and bit hnes, e.g, 220-0, 220-1, .. ., 220-M and
2140, 2141, . .., 2H-M, such that a single memory cell 208, 228 is directly
electncally coupled with and s elecirically 1 sertes with. i respective bt Hine and
word Hne. For example, array 300 can include a three-dimensional matrix of
individually-addeessable, e.g., randomiy accessible, memory cells that can be accessed
for data operations, e.g., sense and write, at a gramularity as small as a single storage
element or multiple storage elements. In some embodiments, memory cells 208, 215,
225 of memory array 300 may each wclode a memory element and a selector device.

In some embodiments, the mewory cells 205, 215, 225 may include a single matenal
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and/or component that acts as a memory element and a selector device (e.g., 8 storage
element). In g number of embodiments, memory array 300 can inchude more or less
decks, bit lines, word lines, and/or memory cells than shown in the examples in Figure
4,

{046} Figure 3 is-an illustration of a portion of a memory array 500 according 1o an
embodiment of the disclosure. The portion of the mgmory aray 500 may be inthuded
11y the memary arvay 160 of Figwee 1. The memory array 500 may inclade a first access
Hine 505 and a second access ling 335 For sase of reference; the first access line may
also be referved to as o word Hne (WL) 503 and the second access line may also be
referved to as a bit ling (BL)Y 335, Ag shown i Figure 4, the WL 305 extends parailel to
the plane of the page, and the BL 535 extends into and out of the plane of the page,
perpendicalar to the WL 303, A memory cell 540 mayv be located at the intersection of
the WL 505 and BL 535, The memory cell 540 may inchude a selector device 515, The
selector device 515 may be coupled to WL 505 by a first electrode 310 and coupled to g
second elestrode 530, The clectrode 320 may couple the selector device 315 w0 4
memory element 523 included in the memory cell 340, The memory element 525 may
be coupled to BL 535 by a third electrode 530, The memory element 325 may include
a chalcogenide material. In some embodiments, the chalcogenide material may be a
phase change matetial, but other materials may be used. In some embodiments, the
selector device S135 may also tnclode a chalvogenide material. In some embodiments,
the selector device 315 may inchude a material that does not vndergo a phase change
during operation. In sonwe gmbodiments, the memory element 523 andior selecior
device 515 may include a ternary composition that may inclade selenium (Se}, arsenic
{As), germantum {Ge), Tellwrium (Te), Antimony (Sh), and combinations thereof. In
some embodiments, the memory element 523 andfor selector device 515 may include a
quaternary compostiion that may inclede silicon (81}, Se, As, Ge, Tellurium (Te),
Antimony {Sb), and combinations thereof. Other muaterials may also be used,

{047} As will be describad in more detail below, voltages anddor currents may be
provided to the memory cell 340 using the first and second access lings WL 505 and
BL 835, The first and second access Hnes WL 303 and BL 533 may also be used o
sense a voltage andfor current of the memory cell 540, as well.  Voltages sndior

currents may be provided fo the memory cell 540 to program a logic state to the
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memory cell, and voltages and/or curvents may be sensed to read data from the memory
cell 340, Cireuts, such as access Hoe drivers may be coupledto the gecess Hines WL
508 and BIL 5335 1o provide the voltages 1o the memory cell 540, and a sense amplifier
mav be coupled to the access lines WL 305 andfor BL 335 to sense a voltage andior
carrent of the memory cell S40. Based on the voltage andfor current that is sensed, a
fogic state or logiv states stored by the memory cell 540 may be determined.

048] The memory element $25 may be written o store one of at least two different
logie states {ewg, “1,.7 "0") by a programming operation. In some embodiments, the
different logic states may be represented by difforent threshold voltages (Vi) of the
memory slement 525, Forexample, 8717 logic state may be reprasented by a first Yoy
and a ‘0" logic state may be represented by a second Vi, The threshold voltage the
mamory element 523 exhibits may be based on a staie of a phase changs material
{(PCM) included in the memory element 525 (e.g., amorphousfreset or crystalline/set).
The state of the PCM may be based, at least inpart, on the magnitade of a current
andior voltage of a progranwming pulse applied to the memory cell 540 dwing a
programming operation.  In some embodiments, the state of the PCM mayv be
independent of a polarity of the cwrrent andfor voltage of the programming pulse. The
state of the memory element 525 may be determined by applying a read pulse during a
read operation. The programming pulse and read pulse mayv be applied to the memory
cell 340 using the fivst and second access Hines 505 and 535,

{349] The selector device $15 may exhibii different threshold voltages (V). The
selgctor device 515 may exhibit different propertivs (e.g., voliage drift, distribution of
threshold voltages). The threshold voltage the selector device 515 exhibits may be
based on a polarity of a programuning pulse gpplied to the memory cell 540 during a
program operation and a polarity of a read pulse apphied 1o the memory cell 340 during
g read opergtion.  The programming pulse and read pulse mav be applicd © the
memoery cell 540 using the first and second access Hues 505 and 535

[056] The memory cell 340 may be configured as g two-terminal device between the
BL 535 and WL 503 in some embodiments. A first logic state may be written {o the
memory cell 340 by applying a voltage (e, & programming pulse) across the memory

cell 540 in a first polavity at a fisst voltage or current. A second logie state may be
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written to the memory cell 540 by applying a voltage {e.g., a programming pulse)
across the memory cell 540 in the fivst polarity at a second voltage or corrent.

{851} The memory cell 540 may be read by applving a voltage (e.g., a read pulse)
across the memory cell 548 {e.g. using BL 533 and WL 505}, In some embodiments,
the memory cell 540 {s read by applving a voltage across the memory cell 340 in the
first polarity. Inother embodiments, the memory cell 340 1 read by applying a voluage
across the memory cell 540 in asecond polartty. The memory cell 340 may always be
read with the same polatity. In some embodiments, the memory element 325 may
exhibit the same threshold voltage regardless of the polarity 'of the programming and
read pulses. In some embodiments, the threshold voltage of the memory element 325
may be based on the magnitude andfor duration of the prograraming pulse applied
across the memory cell 340, The different threshold voltages of the memory cell 540,
based on the threshold voltages of the memory clement 325 and selector device 315,
may beused to represent different logic states.

[052] When the memory cell 340 15 g two-terminal device, the relative values of the
voltages between the terminals determines the magnitade and the polarity of the voliage
or current applied across the memory cell 540, For example, providing a voltage of 3V
to the BL 535 and 0V to WL 505 results in the same magnitude and polarity of voltage
as providing & voltage of 6V at BL $35 and 3V at WL 505, Other non-nggative {g.g.,
OV or greater), negative, and/or positive voltages may be provided to the memory
access lines in some embodiments. As used herein, forward polarity indicates that the
BL 535 js set at a higher voltage than the WL 505 and reverse polarity indicates that the
BL 535 s set at 8 lower voltage than the WL 305, However, the use of “forward™ and
“reverse” polarities 1s by way of example, and the embodiments of the invention are not
Himited to those of the particydar polarity divections deseribed herein,

[os3] Figiee 6A s a voltage plot of an example-of @ programming pulse 605 and a
read pulse 610 in conventional memory. A memory cell may be programmed by a
programming polse 605, The memory cell programmed by programming pulse 603
may be read by wad pulse 610, As shown in Figure 64, both the programming pulse
6035 and read pulse 610 are in forward polarity. However, the programming pulse 603

and read pulse 610 mway both have reverse polarity.  As mentioned previcusly, the
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memory cell may suffer from voltage dvift when the programming pulses and read
pulses are the same polarity,

[054] Figure 6B is a voltage plot of a progranuuing pulse 615 and a read pulse 620
gecording to an embodiment of the discloswe, In the example shown in Figure 68, both
the programming pulie 613 and read pulse 620 are shown as sguare pulses. However,
the pulses may be other shapes (e, ramp, staircase, sinusoidal). In some
embodiments, sguare programming pulses may have sloped sides andfor rounded
corpers. A memory cell miay be programmed by a progranuming pulse 615, The
programming pulse 615 may bave 8 voltage andVor curent that may meht a PCM
nclnded 1 g meamory element of the memoty cell. The programmiing pulse 615 may
be of 3 magnitude andfor duration to cause the PCM 1o achieve a degree of coystallinity
for a logic state. In some embodiments, the programming pulse 615 may cause a phase
change (e, melt, solid state re-orystallization) in at least a portion of the PCM of the
memery element. The memory cell progranmmed by programping pulse 615 may be
read by read pulse 620, Although the magnitude and duration of read pulse 620 are
shown o be equal to the magnitude and doration of programming pulse 615, in some
sobodiments, the read pulse 620 may have a lower or higher magnitude and shorter or
longer dovation than the programiming pulse 6150 As discossed in reference 1o Pigure
i, the magnitude of the read pulse 620 may be selected to fall between the threshold
voltage of merory cells in the set siate and memory cells in the resel stale i some
embodiments. As shown for the embodiment of Figure 68, the programming pulse 613
15 m reverse polarity and the read pulse 620 s in forward polarity.  However, the
programming pulse 615 may have fovward polarily and the read pulse 620 may bave
reverse polatity.  Applying programuning and read pulses in opposite polarities ag
shovwn in Figure 6B miay mitigate voltage drift.

joss] In some embodiments, a programming pulse in a polarity opposite that of a read
pulse may be applied only when a set state is programumed to @ memory cell. In some
embadiments, & progranuning pulse in @ polarity opposite that of a read pulse may be
applied only when a reset state is programmed t© a memory cell,  In some
embodiments, a programming pulse in & polarity opposite that of a read pulse may be

applied regardless of the state progranmmed to the memory cell.
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{036} In some embodiments, the selector device may be sensitive to the polarity of the
final portion of the programming pulse.  Accordingly, a programmming pulse may
inclode voltages andfor currents in mulviple polarities. For example, a progranuning
pulse may have a first portion in a first polarity and a second portion in a second
polarity, and the selector device's performance may be based on the second polarity. A
programuung pulse with nultiple polatities miay be advamtageous when the voltage
andior current required to mitigate tnstabihity in the selector device 18 different than the
voltage and/or cutvent tequired to program the memory element. Decoders included in
a memory with the memory cells need not be fully symmetrical if higher voltage andfor
currents are applied only in one polanty while fower voltage andior currents are applied
in another polarity. Asymmetrical decoders may have a smaller lavout than fully
symmetrical decoders.  Fuarthermore, a memory having 8 programming pulse with
multiple polaritics may not require changing polarities of a read pudse.

{687 Figure 7 is a voltage plot of a programming pulse 708 having a first porhion 713
and a second portion 720 according o an emnbodiment of the disclosure. A read pulse
710 ig also ithustrated. Yo the embodiment of Figure 7, the read palse 710 has a polarity
as that is the same as the first portion 715 of the programming pulse 703, Programming
pulse 705 may be configured to program g logic state in a memory element of a
memory cell and to mitigate instability in a selector device of the memory cell. The
first pottion 715 and second portion 720 may have different polarities.

{358] In some embodiments, the first portion 713 may program a logic state to the
menory element and the second portion 720 may mifigate mstabulity in the selector
device, The fisst portion 715 may include one or more voltages andfor carrents each
{asting a particular period of time.  The shape of the first portion 715 may be based, at
least v part, on the characteristice of a PCM inchuded in the memory element andfor
other materials wcloded i the memory celle 1o other words, the first pottion 715 may
program the memory element of the memory cell. The magnitude andfor duration of
the first poction 715 may at least teryporarily chiange a phase of at lzast a portionof a
PUM of the memory element. For example, the first portion 715 may melt at least a
portion of the PCM. Changing the phase of at least a portion of the PCM may program

the logic state to the memory clement.
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[83%] The second portion 720 is shown as 8 square pulse in Figure 7, but the second
portion may be other shapes (e.g., ramp, staircase, sinusoidal). The shape of the secomd
portion 720 may be based, at least in part, on the characteristics of the memory element
andfor the selector device. The magnitude of the second portion 720 may be greater
than a threshold voltage of the selector device. In some embodiments, the magnitude of
the second portion 720 may be less than a magnitude required to change a phase of' a
PUM of the memory element bat equal or greater than a magnitude required to achieve
a temperature effect m the selector device, The temperature effect in the selector
device may reduce the distribution of threshold voltages in the memory cells in some
embodiments. The tempernature required to gcliieve & temperature effect in the selector
device may be referred to as an activation temperature of the selector device, The
activation temperature of the selector device may be based, at least in part, on material
characteristics of the selector device., Withowt being bound to a particular theory, the
activation {emperature achieved by the second portion 720 of the programming polse
705 'may sllow stom redistribution that improves the distribution of atoms in the
selector device. Without being bound to a particular theory, the activation temperature
may allow electron redistribution that improves the distribution of elections in the
selector device in addition o or instead of entire atoms. In some embodiments, the
duration-of the second portion 720 may provide adequate time for atom redistribution
fe.g., 20-50ns).

{056] In some embodiments, the magnitude of the second portion 720 of the
prograinming pulse 705 may be a magitude © reduce elemental sepregation 1o the
selector device. The second portion 720 may reduce elemental segregation within an
alloy of the selector device. In some embodiments, the compositional gradient of the
selector device may be reduced by the second portion 728, That is, the material
composition of the selector device may be uniform or more uniform along one ormore
physical dimensions {e.g, top-to-botiom, side-to-side, proximate to word linedo-
proximate 1o bit lne) of the selector devive, Without being bound to & particular
theory, the voliage andfor current magnitude of the second portion 720 may mitigate an
electric~-field driven elemental segregation effect in the selector device. For example, in
a typical selector device inchuding an As-Se alloy, may initially have 8 substantially

uniform concentration of As (e.g, betwesn 25-30%) and Se {e.g., between 40-45%)
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over the entive vohume of the selector device., After the memory cell is programmed to
a set state, the selector device may have a higher concentration of As at the bottom of
the selector device compared to the top of the selector device (e.g., 35-40% at the
bottom and 15-20% at the top).  Similarly, the selector device may have a higher
concentration of Se at the top of the selector device compared 1o the bottom of the
selector device after the mewory cell 15 programmed to a set state (e.g., S0-55% at the
top and 30-35% at the boitom). These differences in concentrations of As and Se at the
top and bottom of the selector device create a3 compositional pradient from top t©
bottom i the selector device.  The compositional gradient magy degrade the
performance of the selectordevice in some applications. According to principles of the
disclosure, applying the second portion 720 of the programming pulse 705 mayv reduce
or eliminate the compostiional gradient when the memory cell is programmed 1o a set
or reset state. Continuing the example above, the concentration of As andfor Se in the
selector device may remain substantially uniform {e.g., within 5% orwithin 10%) from
top to bottom when the second portion 720 is applied © the memory cell.

1061} In some embodiments, the different polarity of the second portion 720,
compared to the first portion 715 and a read pulse 710, may contribute to the reduced
threshold voliage distribution. Although not shown in Figure 7, in some embodinents,
the second portion 720 may have the same polarity as the read pulse 710, However, in
these embodiments, while reduced threshold voltage distribution may be achieved,
voltage deift nutigation may be conpromused.

1062} The programming pulses 6135 and 705 shown in Figures 68 and 7 may be used
io program a logic state to a memory cell, such as memory cell 340 shown in Figure 3,
during & programming operation. The programuming pulses may be applied by
providing a first voltage to the BL and providing a second voltage to the WL, Circuits
coapled to access Hues to which memory.cells may be coupled may be nsed to provide
the first voltage, for example, access line drivers included in the decoder cireuits 140
and 130 of Figure 2. The circuits may be controlled by the internal control signals
provided by a control logic, for example, control logic 110 of Figare 2. In some
embodiments, the programimning pulses may be configured by signals provided by the
conirol logic 110, The resulting voltage applied to the memory cell 15 the difference

between the first and second voltages. The programiming pulses may be the same

Roc
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duration as read pulses in some embodiments. In some embodiments the duration i3
10ns-30ns.  In some embodiments, the duvation may be 1-100ns. In some
gmbodiments, the doration way be lus-lus. I some embodiments, for programning
pulses having first and second portions, the first portion of the programming pulse may
be longer than the second portion of the programuming pulse (e.g, 60-100ns and 20ns-
S0ns). o some ewobodiments, the first and second portions mayv have equal durations
{e., S0ns and S0ns). Iy some embodiments, the first portion may be shorter than the
second portion. Programming the memory cell may take more or less time as reading
the memory cell in some embodiments,

{663} Creenits coupled 1o access lines to which memory cells may be coupled may be
used to provide the read pulses, for example, access line drivers included in the decoder
cirepits 140 and 150 of Figure 2. The circuity may be controlled by the internal control
sigrials provided by a control logie, for example, control logic 110 of Figure 2. A read
pulse may be a voliage Vi applied to the memory cell for a period of time (e.g., 1{ns-~
SOngs, Ins-H0ns, Ins-fus) Although shown as square pulses in Figures 6B and 7, read
pulses of other shapes may be implemented. Other suitable read pulse shapes inclade,
but are not limited to, wiangular, tapezotdal, staircase, and/or sinuseidal. In some
embodiments, read pulses may inchude leading andior irailing edges.  Although read
pulses 620 and 710 are shown as having forward polarity, the read pulses 620 and 710
may be implemented in reverse polarity when the programming pulse andfor final
portion: of the programuing pulse s implemented in forward polarity.  In some
embodiments, the read pulses may always be applied with the same polarity (e.g.. all
read pulses exhibit forward polarity, all read pulses exhibit reverse polarityh

{064) Although the programming and read pulses shown in Figures 6B and 7 are
plotted and described with respect to voltage, the pulses could be plotted and described
with tespect o current and be within the scopeof the present disclosure. Voltage and
current are proportionally related, and ahsent other factors, fncreasing or decreasing the
current of & programming and/or read pulse may have a shmilar effect on the operation
of a memory device as increasing or decreasing the voltage of a programming or read
pulse in some embodiments. For example, progranmuning pulses 613 may have current
magnitudes from 60-130pA and time durations from 10ns-1ps in some embodiments.

In another exarple, progranuning pulse 705 wmay bave a first pottion 715 may have
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current magmitades from 60<130pA and fime durations from 10ns-lps in some
embodiments,  Continving this example, the second portion 720 may have current
magnitodes from 20-130pA and time durations from 10-50ns. The magnitudes and
time durations of programming pulses 615 and 705 may be based, at least in part, on 2
state to be progranuned to the memory element.

{865] Example prograrmming pulses plotted with respect 1o current are shown in plots
BOOA and R00B of Figwwes 8A and 8B. The progranmming pulses in Figores 8A and §8
are exemplary and the disclosure s not limited to the particular programming pulses
805 and 835, In some embodiments, the programiming pulses 805 and 833 may be used
to unplement programiming pulse 705 shown i Figwme 7. In some embodiments,
progranwning pulse 803 mav program a set state to the memory element and
programming pulse 833 may program a resel siate to the memory element. In the
example shown in Figare 8, the fisst portion 810 of progrannming pulse 805 has thiee
corrent magnitades.  The fust magnitude 820 may be 30uA and may have a time
durgtion of 800ns. The second magniiude 825 may be 60pA and ey have 8 time
duration of S0ns. The third magnitude 830 may be 30uA and may have a time duration
of 30ns. The second portion 815 of programming pulse 805 mav have a current
magnitide of 20pA and may have 8 time daration of 20ns.As illusirated i Figure 84,
the current magnitudes 820, 825, and B30 of the first portion 810 have a first polarity
fe.g., forward polarity) and the second portion 8138 has 8 second polarity {e.g., reverse
polarity) opposite the first polarity.

j066] Programming pulse 805 is provided as an example, and other programming
pulses mayv be wsed. For example. another magnitude may be implemented between
magnttudes 820 and 825, This additional magmitude may be 33uA and have a time
duration of 30ns. In another example, the second portion 815 may have a magoitude of
FopA and mav have a dosation between: 10us.  Programuing pulse 808 may have
current and/or vollage magnitudes and time durations based, at least in part, on the
material properties of the memory glement sndfor selector device of the memory cell,
The first portion §10 of programmming pulse 805 may be configured fo program a set
state to the memory slement in some embodiments.

067} Exarmple progranwning pulse 833 of Figure 8B may have g first portion 340

with a magnitude of 130pA and may have a time duration of 20ns. The second portion
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843 of programming pulse 835 may be 20uA and have a time duration of 20ns.
Programming pulse 835 is provided as an example, and other programming pulses may
beused. For example, the first portion 840 may be 130iA and have a time duration of
12us. The second portion 845 may be S0uA and have a thoe dwation of 10ns.
Programming pulse 835 may have covent andfor voltage magnitudes and time
durations based, at Teast in part, on the material properties of the memory ¢lement
andfor selector device of the memory cell. The first portion 840 of programuing pulse
835 qmay be configured to program a reset state to the memory clement in some
embodiments. As Hlustrated in Figure 8B, the current magnitude of the first portion 840
has a first polarity {e.g., forward polarity} and the second portion 845 has a second
polarity {e.g., reverse polaritv) opposite the first polarity.

168] 1 some-embodinents, the memory cell may be inplemented using the memory
cell 540 illustrated in Figure 5 A read pulse may be applied by providing a first
voltage to a bit line {e.g., BL 335) and providing a second voltage to a corresponding
word line {e.g, WL 3081 A sense amplifier (not shown) coupled to a bit line
associated with the memory cell to be read may be ased to detect a carrent through the
memory cell. The sense amplifier may be configured to sense the current thwough the
memory cell responsive to the read operation and provide an output signal indicative of
the logic state stored by the memory cell. The sense amplifier may be included m a
memory that inclodes the memory celll For example, the sense amplifier may be
incloded with other read and programuming cirousts, decoding circuits, register circnits,
etc. of the memory that may be coupled to g memory array. When a read pulse is
applied to a memory cell, the memory cell condsets cument when the read pulse
exceeds the threshold voltage of the memory cell. The sense amplifier may detect a
current Iy through the memory cell. When a read pulse below the threshold voltage is
applied to a memory cell, the memory cell does not conduct current.  The sense
amphifier may detect litde or no cuwrent through the memory cell.  In some
embodiments, a threshold current Ly may be defined for sensing the logic state stored
by the memory cell. The threshold current Ly may be set above a current that may
pass through the memory cell when the memory cell does notthreshold m response to
the read pulse, but equal to or below an expected current through the memory cell when

the memory cell does threshold 1 tesponse to the vead pulse. That 34, the thresheld
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current Iry should be higher than a leakage current of the bit line and/or word line.
When sense amplifier detects LexTwy, 2 logic state may be read from the memory cell.
Other methods of detecting a cament andfor a voltage across the memory cell may be
used.

{069} The threshold event may be used to determine the logic state of the memory cell
o some embodiments. For exaniple, using the ramp read pulse 710 shown in Figure 7,
athreshold event {e.g., Is>1w ), may be detected when the read pulse 710 is at & voltage
{Vg} Based, at least in part, on whether a threshold event is detected, the logic state of
the memory gell may be determined, Continwing this example, a read pulse may have a
voltage Vg = SV, a memory cell v 8 set state may have a threshold voltage Vapy = 4V,
and a memory cell in g reset state mav have a threshold voltage Vigser = 6V. Ha
threshold event is detected in response {0 & read pulse, the memory cell way be
determined to be ina set state. I a threshold event is not detecied in response to 4 read
pudse, the memory cell way be determined {o be in a reset siate.

{076] Figure 9 iy a flow chart of a method 900 for progravuming ¢ memory cell
according to an embodiment of the discloswre. For example, the method 900 may be
used with programming amd read pulses shown in Figure 6B. In some embodiments,
the method 900 nway be used by the memory 100 of Figure 2 for progranuning logic
states, and the memory cell may be implemented by memory cell 540 shown m Figare
§. For example, the control logic 110 may provide internal control signals to varsious
cirenits in the memory 100 to pecform the method 9060, At Step 903, a programming
pulse is applied in g first polarity. The programming pulse may be applied across the
memory cell 540 to program a state of the memory cell 340, The programming pulse
may cause at legst a temporary phase change to a-portion of the memory element 525,
A magnitude andfor duration of the programming pulse may be based'on a logic state
be programmed 10 the memory elemett 525, For exatuple, a high magnitade may be
selected to program "0 and a low magnitude may be selected to program 17 to the
memory element 3235, A polarity of the programming midse may be selected basedona
polarity of a subsequent read pulse applied to the memory cell 540, At Step 910, a read
pulse is apphied in a second polarity. The read pulse may be applied across the memaory
cell 340 1o detenning a state of the memory cell §40. The polarity of the read pulse

may be different than the polarity of the programuning pulse applied in Step 905, The
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magnitude of the read pulse may be based, at leastin part, on the threshold voltages of
the memory cell 540 in corresponding logic states. For example, the magnitude of the
read pulse may be above the magnitude of the threshold voltage of the memory cell in a
first logic state and below the magnttude of the threshold voltage of the memory cell in
asecond logic state.

{671} Figure 10 15 a flow chart of a method 1000 for progranuming a memory cell
according to an embodiment of the disclosure. For example, the method 1000 may be
nsed with programming and read pulses shown in Figures 7 and 8A-B. In some
embodiments, the method 1000 may be used by the memory 100 of Figure 2 for
progranyning logic states, and the memory cell may be implementad by mémory call
540 shown in Figure 5. For example, the control logic 110 may provide internal
control signads to various cirenits in the memory 100 to perfonm the method 1000, At
Step 1005, g frst portion of a progranwyming pulse is applied in a fst polanty. The
programming pulse may cause at least 8 tewporary phase change fo a portion of the
raemory element 3250 A magnitude andfor-duration of the first portion may be baged
on a logic state to be programmed to the memory element 325, For example, a high
magnitude may be selected to program ‘0" and a low magnitude may be selected o
program ‘17 to the memory element 525,

{072} At Step 1016, a second portion of the programming pulse is applied in a second
polarity. A polarity of the second portion may be selected based on a polasity of a
subsequent read pulse applied {o the memory cell. A magnitude andfor duration of the
second portion may be based on material properties of the memory element and/or
selector device of the memory cell, In some embodiments, the magnitude of the second
portion may be legs than g magniiude required 1o melt anddor change a phase of at least
a portion of the memory element but equal to or greater than a magnitude required to
regch an activation emperature to achieve a tomperature offect in the selector device,
The temperature effect may be the redistribution of atoms andior electrons in the
selector device i some embodiments. Iy some enbodiments, the voltage andior cumrent
magnitpde of the second porfion may be selecied, at least in part, {o mitigate an
electric-field driven elemental segregation effect in the selector device, which may

reduce a compositional gradient in the selector device.
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[073] At Step 1013, a read pulse iy applied in the first polarity. The read pulse may be

applied gcross the memory cell 340 to determine a state of the memory cell 340, The
polarity of the read pulse may be different than the polarity of the second portion of the
programming pulse applied in Step 1010, The magnitude of the read pulse may be
based, at least in part, on the threshold voltages of the memory cell 540 in
corresponding logic states. For example, the wagnitude of the read pulse may be above
the magnitude of the threshold voltage of the memory cell i a first logic state and
below the magnitude of the threshold voltage of the memory cell in a second logic
state.

{6741 Other programming and reading operations andior modifications to the
operations described herein may be used without departing from the principles of the
disclosure.  For example, in some methods, sensing cwrrents and/or voltages may be
fimited to a specific time pedod. The time period may be from the initiation of a read
pulse to a point in time after the nitiaiion of the read pulse{e.g., 20ns).

[075] In some embodiments, a method similar to method 1000 described above and
the progranuning and read pulses illustrated in Figores 7 and 8A-B may be used in a
memory inclding memory cells that do not mclude separate memory elements and
selector devices. The threshold wvoltage properties of a memory cell with this
alternative architecture may allow an element of the memory cell to act as both 2
selector device and a memory element. An element of a memory cell that may act as
both a selector device and a memory element will be referred to as a stovage element.
However, the storage element may somitimes be referred to as a memory element. The
threshold voltage exhibited by the siorage element may depend on the relative voltage
polarities of read and programming pulses apphied across the memory cell. For
example, the storage element may exbibit a first threshold voltage when read if the
memory cell was written 1o and then read with the samg voltage polasity.  The stowage
clement may exhibit 8 second threshold voltage when read i the memory cell was
written 1o and then read with different {2ig., opposite) voltage polarities. The storage
element may be an element between electrodes in some embaodinents.

{076} A logic state may be programmed to the storage element of the memory cell,
which may correspond 0 one or more bits of data.  The memory cell may be

programmed by applving voltages andfor currents of different polarities. The memory
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cell may be read by applving voltages of a single polarity. In some embodiments, the
storage element may include a chalcogenide material. However, the chalcogenide
material Ay or may vot undergo a phase change during reading andfor witting In
some embodiments, the chalcogenide matenial may not be & phase change material.

{877} Figure 11 i3 an ustration of & portion of a memory array 1100 according to an
embodiment of the disclosure.  The wmemory array 1100 way beoused to noploment
memory array 100 1 Figure 2 in some embodiments. The wemory array 1100 may
include a first access Hne 1105 and a sscond access line 1135, For ease of refersnce,
the first access line may be referred to as & word line (WL) and the second access line
iy be referred 10 as a bl Hue (BL) 1125, The WL 1103 15 parpendicular to the BL
1125, As shown in Figure 11, WL 1105 extends parallel to the page and BL 1125
extends into and owt of the page. A memory cell 1116 may be located at an intersection
of the WL 1108 and the BL 1125, The memory cell 1116 may include a storage
element 1115 The storage element 1115 may be coupled to WL 1105 by a first
electrode 1110 and coupled to BL 113§ by a second electrode 1120, The storage
element 1115 may include a chalcogenide. In some embodiments, the chalcogenide
may be phase change material. In some embodiments, the chalcogenide does not
undergo a phase change during operation of the memory cell 1116, In some
embodiments, the storage element 1118 may include | ternary composition that may
nclode selenium {Se), arsenic {As) and germaninm {Ge). I some embodiments, the
storage element 1015 may include a quaternary composition that may include silicon
{S1), Se, As, and Ge. Other mgtenials may also be used, The storage clement 1115 mgy
act as both a selector device and a memory element in some embodiments.

{0878 The memory celt 1116 may be programmed o store one of at least two different
logic states {e.g., "1, '07) by a program operation.  In some embodiments, the different
togic states may be represented by diffevent threshold voltages (V) of the memory
cell 1116, Foresample, g ‘U logic state may be represented by first Vg and & °0°
logic state may be represented by a second Vi, The threshold voltage the memory
cell 1116 exlubits may be based on a polatity of a programuning pulse applied to the
memory cell 1116 during a programming operation -and a polarity of a read pulse

applied to the memory cell 1116 during a read opevation.  The programnming pulse gnd
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read pulse may be applied to the memory cell 1116 using the first and second access
lines 1108 and 1125,

16879} The memory cell 1116 may be configured as a two-terminal device between the
BL 1125 and WL 1105 tn some erobodiments, A first logic state may be programmed
o the storage element 1115 of the memory cell 1116 by applving a voltage {e.g., a
progranuning pulse) across the tasmory cell 1116 1o a fivst polanty. A second logic
state may be programmmed o the memory cell 1116 by applying a voltage {e.¢. a
programmming pulse) across the memory cell 1116 i a second polarity, which may be
opposite to the first polatity. The memory cell 1116 s read by applying a voltage (e.g.
aread pulse) atross the terminals. In some embodiments, the memory cell 111615 read
by applving a voltage across the memory cell 1116 in the first polacity. In other
embodiments. the memory cell 1116 is read by applying 8 voliage across the memory
cell 1116 i the second polarity. The memery cell 1116 may always be read with the
same polarity. When the memory cell 1116 iz read with a voltage in the same voltage
polatity with which the memory cell 1116 was progranuned, the storage element 1115
may exhibit a first Ve When the memory cell 1116 is read with a voltage in the
opposite voltage polarity with which the memory cell 1116 was programmed, the
storage element 1115 may exhibif a second Vg, The different threshold voltages may
be used to represent different logic states. Additional details on a memory cell having
the architecture as shown and described in referenceto Figare 1 may be found in 1.5,
Patent Application 14/932 746, which is herein incorporated by reference.

1088} Similar o the selector device 525 of memory cell 340 shown in Figure 5, the
threshold voltage of the storage element 1115 may be based on the final portion of the
programuming pulse. In other words, the logic state programuned fo the stomge element
1115 mav be based on the polarity of the final portion of the progravaming pulse. For
exgraple, a programnung pulse may have a first portion and a second portion where the
second portion 18 configured to program g logic state 1o the storgge clement 1115, In
some embodiments, it may be advantageous to apply a programming pulse having a
first portion and a second pottion,  For example, the memory cell andlor other
components of the memory array may have greater performance {e.g., higher stability}
if a first portion of a programming pulse is applied prior to the second portion, In

another example, the wemory array way inclode multiple memory cell types, and the
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first portion may program a first type of memory cells and the second portion may
program a second type of memory cells. The magnitade and/or duration of the first
portion may be based in part on the material properties of the memory cell andfor other
portions of the memory.

{081} Figures 124 and 12B are voliage plots 1200A and 1200B of programming
pulses 1205 and 1225 having first portions and second portions according 10 an
embodiment of the disclosare.  Programming pulse 12305 of Figre 124 wmmy be
configured to program a first logic state to a memory cell, such as memory cell 1116
shown in Figure 11, Programuning pulse 1225 of Figore 128 may be configured to
program a second fogic state in'the memory ¢elle  In some pmbodiments, the first
portions 1215 and 1230 may program another type of memory cell, promote stability of
the memory cell, andfor other component of the memory, andfor sume other purpose.
For example, the first portions 1215 and 1230 may reduce voltage drift of a component
of the memory to improve stability. In another exaraple, the first portions 1215 and
1230 may provide a control signal to a component of the memory inchuding the
memory cell. The component may be electrically coupled to the memory cell. The
second portions 1220 and 1235 may program a logic state to the memory cell.

082} Referring to Figwre 124, the first pottion 1125 of programming pulse 1203 may
mnclude one or more voltages andfor currents in a first polarity each lasting a particular
period of time. The shape of the fivst portion 1215 may be based, at least in past, on the
characteristics of a memory cell or other components of the memory.  Example
characteristics include, but are not limited to, materials included in the memory cell and
control signals provided to other components of the memory.  In some embodiments,
the first portion 1215 inclodes 8 plurality of palses. In some embodiments the pulse or
the plovality of pulses of the first portion 1213 may each inclode a ramp, stabrcase, or
sinsoidal shape, and may have a leading andfor tratling edges. The se¢tond portion
1220 may include a voltage andfor current in the first polarity. The polanty of the
second portion 1220 may be configured o program the first logle state to the memory
cell. The second portion 1229 is shown as 2 square pulse in Figure 12A, but the second
portion 1220 may be other shapes {e.g., ramp, staircase, smuspidal). Tn some

embodineats, the second portion 1220 may have leading andfor trailing edges (not
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shown). The memory cell programmed by programming pualse 1205 may then be read
by a read pulse 1210, which may be applied at the first polanity.

{683} Referring to Figure 12B, the first portion 1230 of programming pulse 1225 may
inchude one or more voltages andfor curvents in a first polarity each lasting a particular
period of time. In some embodiments, the first portion 1230 includes a plurality of
pulses. In some etmbodiments the pulse or the plurality of pulses of the first portion
1230 mav each include a ramp, staircase, or sinnsoidal shape, and may have a leading
and/or trailing edges. The shape of the first portion 1230 may be based, at least in part,
on the characteristics of a memory cell or other components of the memory. In some
embodiments, the first portion 1230 way be the same as the first portion 1215 of
progranwning pulse 1205 In some embodiments, the first portions 1215 and 1230 are
different. The second portion 1235 may include a veltage andfor current in a second
polarity. The polarity of the second portion 1235 may be configured to program the
second logic state to the memory cell. The second portion 1233 is shown as a square
pulse in Figwe 12B, but the second portion 1235 may be other shapes {e.g., ramp,
staircase, sinpsoidal} andior may include leading andfor trailing edges (not shown). In
some embodiments, second portion 1235 may be the same magnitude and duration as
second portion 1220, but different polarity. In some embodiments, second portions
1235 and 1220 have different magnitudes andior durations.  The memory cell
programmed by programuming pulse 1225 may then be read by a read pulse 1240,
which may be applied in the first polarity. In some embodiments, read pulse 1240 is
the samme as read pulse 1210,

{084] Although first portions 1215 and 1230 are shown before second portions 1220
and 123§ in Figures 12A and 128, in some embodiments, first portions 1215 and 1230
may follow second portions 1220 and 1235, Furthermore, although first portions 1215
and 1230 are shown as having positive polarity in Figures 12ZA and 128, in some
embodiments, Hrstportions 1215 and 1236 may have negative polacity, Althovgh not
shown in Figures 12A and 138, in some embodiments, sevond portions 1220 and 12358
are both preceded and followed by first portions 12158 and 12300 Similarly, although
not shown m Figures {2A and 128, in some embodiments, first portions 1218 and 1230

are both preceded and followed by second portions 1220 and 1235,
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{085] The progranuming pulses 12085 and 1225 shown in Figures 124 andi2B may be
used to program g logic state to a storage element of g memory cell, such as storage
element 1115 of memory cell 1116 shown in Figure 11, during & programming
operation. The programming puises may be applied by providing a first voltage to the
BL and providing a second voltage to the WL Circuits coupled fo access lines to
which memory cells may be coupled may be used 1o provide the first voltage, for
example, access Hine drivers included in the decoder circuits 140 and 150 of Figure 2.
The circuits may be controlled by the internal control signals provided by a control
logic, for example, control logic 110 of Figure 2. In some cmbodiments, the
progranuning pulses may be contigured by control signals provided by the contrel logic
110, The resulting voltage applied to the memory cell is the difference between the
first and second voliages. The programming pulses may be the same duration as read
pulses in some embodiments. In some embodiments the dwation 15 10ns-30ns. In
some embodiments, the duration s 1-100us.  In some cmbodiments, the duration 18
Ins-ius. In some embodiments, the first portion of the programuming pulse s longer
than the second portion of the prograniming pulse (e.g., 60-100ns and 20ns-50ns). In
some embodiments, the first and second portions have equal durations (e.g., S0ns and
S0us).  In some embodiments, the first portion is shorter than the sscond portion.
Programming the memory cell may take more or less time as reading the memory cell
in some enbodiments.

{86} Circatts coupled to access hings o which memory cells may be coupled may be
used 1o provide the read pulses, for example, access line drivers included in the decoder
circuits 140 and 150 of Figure 2. The circuits may be controlled by the internal control
signals provided by a control legic, for example, control logic 110 of Figure 2. A read
pulse piay be a voltage Vi applied 1o the memory cell for a periodof time {e.g., 10ns-
F0ns, 1ns-100ns, 1as-1us). Although shown as square pulses in Figures 12A and 128,
read pulses of other shapes may be implemented.  Other suitable read pulse shapes
inchude, but are not limited to, trangular, trapezoidal, staircase, andfor sinusoidal. In
some embodiments, read pulses may inchude leading andfor trailing edges. Although
read puises 1210 and 1244 are shown as having forward polarity, the read pulses 1210

angd 1240 may be implemented in reverse polarity.  In some embodiments, the read
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pulses may always be applied with the same polarity (e.g., all read pulses exhibit
forward polarity, all read pulses exhibit reverse polarity).

{887} Although the progranuming and read palses shown i Figures 12A and 12B are
plotted and described with respect to voltage, the pulses could be plotted and deseribed
with respect to crrrent and be within the scope of the present disclosure. Voltage and
cwrrent ge proportionally related, and dbsent other factors, increasing or decreasing the
cwrent of @ programming and/or read pulse may have a similar effect on the operation
of a memory device as increasing ov decreasing the voltage of a programming or read
pulse in some embodinments.

{088} Figure 13 is a flow chart of 4 method 1300 for programming 8 memory cell
according to an embodiment of the disclosure. For example, the method 1300 may be
used with programming and read pulses shown in Figures 124 and 12B. In some
embodiments, the method 1300 may be used by the memory 100 of Figure 2 for
programming logic states, and the memory cell may be implemented by memory cell
1116 shown in Figure 11, For example, the control logic 110 may provide internal
control signals to vartous circeits in the memory 100 to perform the method 1300, At
Step 1303, a first portion of a programming pulse is applied in a first polarity. A
magnitude andfor duration of the first portion may be based on properties of the storage
element 1113, another portion of the memery cell 1116, andfor other portions of the
memory 100, In some embodiments, the first porbion may improve stabiity of a
component of the memory 100, In some embodiments, the first portion may provide a
control signal to a component of the memory 100, At Step 1310, g second portion of
the programming pulse i3 applied in the first or 2 second polarity, A polarity of the
second portion may be selected based on a logic state 1 be programumed o the storage
element 1115, For example, the first polarity may be applied for a first logic state (e.g.,
‘07 and the second polasity may be apphied for g second logic state (g, "33 At Step
13135, g read pulse is gpplied in the first polarity. The read pulse may be applied across
the mamory cell 1116 to determine & state of the memory cell 1118, The magnitude of
the read pulse may be based, at least in pari, on the threshold voltages of the storage
element 1115 in comesponding logic states. For example, the magnitude of the read

pulse may be ghove the magnitude of the threshold voltage of the storage element 1115
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in a first logic state and below the magnitude of the threshold voltage of the storage
element 1115 masecond logic state.

{389} Apparatuses and methods of operation described herein may utilize applying
currents and/or voltages across memory cells at different polanities to improve memory
performance in some embodimenis. Forexample, as described herein, voltage deift in
selector devices may be improved when memory cells are progranmmed i a first
polarity and read in a second polarity. In some embodiments, the improvement may be
achieved by only changing the polarty of the final portion of the programusing pulse
{oig, final 10-500s).  Other advantages may alse be achieved. For example, the
distribution of threshold voltages may be reduced by applying a progeamning pulse
having two portions across a memory cell. The first portion may program a logic state
to a memory element. The second portion may reduce the distribution of threshold
voltages in a selector device. The second portion of the programuming pulse may have a
magnitide below a melting temperature of the memory element and above an activation
temperatuve of the selector device, The second portion of the programming pulse may
have a magnitude to mitigate an electnic~-tield driven elemental segregation effect in the
selector device, which may reduce a compositional gradient in the selector device.
When the second portion of the programming pulse is in a different polarity from the
read pulse, both the distribution of threshold voltages and voltage drift may be
niitigated.

{096] Memories in accordance with embodiments of the present invention may be
nsed m any of 8 vartety of electronit devices including, but not limited to, computing
sysiems, electronic storage systems, cameras, phones  wireless devices, displays, chip
set8, set top boxes, or guning systems.

091} From the foregoing #t will be appreciated that, althovgh specific embodiments
of the imvention have been described herein for purposes of illustration, various
modifications may be made without deviating from the spirit and scope of the

invention. Accordingly, theinvention is not limited except as by the appended claims.
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CLAIMS

‘What is clatmed is;

i An apparatus, comprising.
a memory cell inclading:
a memory element; and
aselector device electrically coupled to the memory element;
a first memory access line coupled to the memory cell;
a second memory access line coupled to the memory cell;
a fivat sccess line diiver coupled to the first memory acoess ling:
a second access line dniver coupled to the second memory access fine; and
a control logic configured 1o control the first and second access line drivers to
provide a programming pulse, wherein at least a portion of the programming
pulse is provided in & fust polarity across the memory cell to program a logic state o
the memory element,
provide a read pulse in a second polarity across the memory cell to determine

the logic state of the memory element.

2. The appavatus of clatm 1, wherein the progranmming pulse comprises a

first portion and a second portion.

3 The apparatus of clabm 2, wheretn the first portion has a time duration
and a magnitude configored to program the logic state 1o the memory element, wherein

=

the magnitude is a currens magnitude or a voltage magnitude.

4, The apparatus of claim 2, wherein the second portion has a time duration
and a magnitede configured o reduce a compositional gradient in the selector device,

wherein the magnifude s a current magnitade or a voltage magnitade.

5. The apparatos of claim 4, wherein the magnitude of the second portion

is fess than a programming magnitude of the memory element.
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6. The apparatas of claim 4, wherein the compositional gradient of a
material in the selector device is less than 10%.
7. The apparatus of claim 2, wherein the frst portion is in the second

polarity and the second portion is in the first polarity.

8. The apparatus of claim 2, wherein the fivst portion comprises a plorality

of niagnitudes, whereii the magnitudes are carrent magnitudes or voltage raaghitudes.

9, The apparatus of claim 2 wherein the first portion has a doration Jonger

than a duration of the second portion,

10, The apparatus of claim 2, wherein the first portion has a magmtade
gregter than a magnitude of the second poriion, wherein the magnitude is a current

magnitude or a voltage magnitude..

11, The apparatus of claimi 1, wherein the memory element comprises a
phase change material and the programming pulse is configared by the control logic to

change a phase of at least a portion of the phase change material.

iz The apparatus of claim 1, wherein the selector device comprisés a

chalcogenide material.

13, The apparatus of claiin 1, further comprising a memory array inclading a
pharality of memory cells and a phuaaity of mewory access lines coupled 10 at least
some of the plurglity of miemory vells, wherein the memory cell i3 one of the plurality
of memory cells and the first and second memory aceess lings are each one of the
lurality of memory access ngs, wherein the memory amray is a twvo-dimensional array

(2D or a thive-dimensional (3D} aray.
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14, The apparatus of claim 13, wherein the memory airay includes a decoder
coupled to the control logic and at least some of the plurality of memory access lines,

wherein the decoder is symmetrical.

15, The apparatus of claim 13, wherein the vaemory arriy inclades a decoder
coupled to the contrel logic and at least some of the plurality of memory access lines,

wherein the decoder 13 asynuuetrical.

16, Anapparatus, comprising:

a memony cell including a stovage element;

a first memory access line coupled to the memory cell;

a second memory access line coupled to the memory cell;

a first access line driver coupled to the first memory access line;

a second access line driver coupled to the second memory access line; and

a control togic configured to control the first and second access line drivers o

provide a programming pulse having g first portion and a second portion across
the memory call to program a logic state o the storage element,

provide a read pualse in a first polarity across the memory cell to detenmine the

logic state of the memory cell,

17, The apparatus of claim 16, wherein the fivst portion includes at least one

of a ramp, & staircase, and a plugality of pulses.

18,  The apparatus of claim 16, wherein the first portion and the second

portion of the progranmumung pulse are tn the Hrst polarity.

19, The apparatus of claim 16, wherein the first portion iy fn the fiest

polarity and the second portion in a second polarity.

20, The apparatus of claim 16, wherein the logic state programmed o the

storgge element is based on a polarity of the second portion of the programming pulse.
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21, The apparatus of claim 290, wherein a first logic state is progranuped to
the storage element when the second porfion is in the first polarity and a second logic
state i progranuned to the storage element when the second portion 1§ in & second

polarity.

22, A method comprising:

applying a programmung pulse across g memory cell in g Hrst polanity, wherein
the programuing pulse is configured to program a logic state to a memory element of
the memory cell; and

applying a read pulse actoss the meniory cell i g second polarity, whersia the

read pulse is configured to deternvine the logic state of the memeory element.

23, The methed of claim 23, wherein the logic state programmed to the
memoery element s based, at least in part, on a magniude of the programming pulse,

wherein the magnitude 18 8 current meagnitude or a voltage magnitude.

24, The method of claim 23, wherein a fivst logic state s programumed to the
memory element when the programming pulse has g first magnitude and a second logic
state is programmed fo the memery element when the programming pulse has a second

magnitude.

25, The method of claim 22, wherein the logic state programmed to the

memory element is based, at least in part, on g time duration of the programming pulse.

26, The method of claim 22, wherein the programming pulse is configured

o melt ar least & portion of the memory element.

27, The method of claim 22, wherein the memory cell has a first threshold
voltage corresponding to a first logic state and a sccond threshold voltage
comesponding to a second logic state, wherein a voltage magnitude of the read pulse is

configared to be between the Hst threshold voltage and the second threshold voliage.
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28 A method comprising:

applying a first portion of a progranuming pulse in a first polarity across a
memory cell;

applying g second portion of a programming pulse i a second polarity across
the memory cell; and

applying a read pulse in the fust polacity acvoss the memory cell wherein the

read pulse is contfigured to determine a logic state of the memory cell.

29, The method of claim 2§, wherein the first portion of the programming

pulse is configured to program a logic state to a memory element of the memory cell.

3. The method of claim 28, wherein the second portion of the
programming pulse has 8 magnitude to provide a temperature below a melting
termperature of @ memory element of the memory cell and above a threshold voltage of
a selector device of the mewory cell, wherein the magoitnde is a current magnitude or a

voltage magnitade,

31, The method of claim 28, wherein a magnitude and a time duration of the
first pottion is based, at teast in part, on a material of 2 memory glement of the memiory

cell.

32, The method of vlatm 28, wherein a magnitude and a time duration of the
second portion is based; at least i part, on a material of at least one of a memory

element and a material of a selector device of the memory cell.

33, The method of clgim 28, wherein the first portion includes a plyrality of

magnitudes each having g corresponding time duration,

34, The method of claim 28, wherein the first portion of the programuming
pulse is configured to provide a control signal to a component electrically coupled to
the memory cell and the second portion of the programming pulse is configured to

program a logic state [0 a storage element of the memory cell.
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33, The method of claim 34, wherein the first polarity and the second

polarity are a same polarity.



