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APPARATUSES INCLUDING MEMORY CELLS AND METHODS OF
OPERATION OF SAME

BACKGROUND

B} Traditional memory cells mclude a memory element, which is used 1o store a
logie state, and a selector device. The memory element and selector device may be
located at a cross-point of a first access line {e.g., word line) and a second access Hoe
{e.g., bit ine) in 2 memory array having a cross-point architecture. The selector may be
coupled to the word line and the memory eloment may be coupled to the bit line in
some architeciures. The memory element may be a phase change material i some
architectures,  The memory element may be programunesd into one of two detectable
states {e.g., set and reset) which may correspond to two logic siates {eg 07 and “17).
In some architectures, the two states may be differentiated by the threshold voltage of
the memory cell

082} The threshold voltage may be dependent on the state of the memory element
and the selector device. The selector device may reduce leakage corrents and allow
selection of a smgle memory element for reading data 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
instability of the threshold voltage of the selector device may cause mstability m the
threshold voltage of the memory cell as a whole. Instability in the threshold voltage of
the memory cell may make it move difficelt or impossible to determine the staie

programmed to the memory cell

SUMMARY

{003] An example apparatus sccording to principles of the present disclosure may
include a memory cell that may include a memory element and a selector device
electrically coupled to the memory element, a first wemory access tine coupled to the
memory cell, a second memory access Hne coupled to the memory cell, a first access
line driver coupled to the first memory access line, a scecond gecess hue 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 a programming pulse, wherein at
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least a portion of the programmying pulse i3 provided in a first polarity across the
memory cell to program a logic state to the memaory element gnd provide a read pulse
in g second polarity across the memory cell to determne the logie state of the memory
element.

{004} Another example apparatus according to principles of the present disclosure
may include a memory cell mcluding a storage clement, a first memory access hne
coupled to the memory cell, a second memory access fine 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 g control logic that may be
configured to control the first and second access line drivers 1o provide a programming
pulse having a first portion and a second portion across the memory cell to program a
logic state to the storage element and provide a read pulse in a first polarity across the
memory cell 1o determine the logic state of the memory cell,

{065] An example method according fo principles of the present disclosure may
mchude applying a programming pulse across a memory cefl i a first polanty, wherem
the programming pudse is configured o program a logic state to a memory clement of
the memory cell, and applving a read pulse across the memory cell in a second polarity,
wherein the read pulse is configored to determine the logic state of the memory
element,

{006} Another example method according to principles of the present disclosure may
mclnde applving a first portion of a programmuing pulse w a st polacity across a
memery cell, dpplving g second portion of a programming pulse in a second polatity
across the memory cell, and applving a read pulse m the first polarily across the
memory cell wherein the read pulse s configured to determine a logic state of the

memory cell

BRIEF DESCRIPTION OF THE DRAWINGS

{007] FIG. 1 a voltage plot of threshold voltage distnibution and daifl in a memory
array.
[008] FHG. 2A 15 g block diapgram of & memory according 1o an embodiment of the

disclosure.
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{069} FIG. 2B 18 a block diagram of a memory array according to an embodunent of
the disclosure.

{016] FIG. 3 is a schematic iHustration of a portion of a memory array according o an
embodiment of the discloswre.

{011} FIG. 4 s a schematic lastration of a portion of a memory array according to an
embodument of the disclosure.

{012} FIG. 3§ 13 a schematic Hlustration of a portion of a memory array according to an
embodiment of the disclosure,

{013} FIG. 6A 15 a voltage plot of an example programming pulse and an example
read pulse for a memory.

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

{015} FIG. 7 15 a voltage plot of a progranmuning pulse having first and second portions

according to an embodiment of the disclosure.

{016} FIG. 8A 18 a current plot of a programmuing pulse according to an embodiment
of the disclosare.

1017] FIG. 8B is a current plot of a programming pulse according to an embodiment
of the discloswre,

{018} FIG. 9 15 a flow chart of a method according to an embodiment of the

disclosure.

{019] FIG. 10 8 a flow chart of a method according to an embodiment of the
disclosure.
{020} FIG. 11 s a schematic lustration of a portion of a memory array according to

an embodiment of the disclosure.

{21} FIG. 12A 15 a voltage plot of a programming pulse having first and second
portions according to an embodintent of the disclosure,

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

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

disclosure,
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DETAILED DESCRIPTION
[024] Certain details are set forth below to provide a sufficient understanding of

embodiments of the wvention. However, it will be clear 1o one skilled in the art that
embodiments of the mmvention may be practiced without these particular detals
Moveover, the particular embodiments of the present invention described herein are
provided by way of example and should not be used to linit the scope of the invention
to these particnlar embodiments.  In other mstances, well-known circuits, control
signals, tinsing protocols, and software operations have not been shown in defail in
order to avoid ynnecessarily obscuring the imvention,

{025} A memory array may inchide memory cells that each mcludes a8 memory
element and a selector device. In some embodiments, a memory amay may include
memory cells in which a single material andior component acts as a memory clement
and a selector device (e.g., a seliselecting material with memory properties). A
material andéor component that acts as both the memory clement 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
different threshold voltages {e.g, Vind of the memory cell andfor associated with
different threshold voltage properties exhibited by the memory cell. A memory cell
may exhibit a threshold voltage property, for example, by having or appearing to have 3
particular threshold voltage. The memeory cell may or may not expenience a threshold
event when exhibiting the threshold voltage properties.

[026] A memory element of a memory cell may inciude a phase change matenal
{PCM). In some embodiments, the POM welades a chalcogenide. When the PCM s in
an amorphous state, the PCM may have a high resistance. This may be referred o as a
reset state. When the PCM s in @ crystalline or semi-crystalline state, the PCM may
have a lower resistance than when in the amorphous state. This may be referred to as a
set state. In some embodiments, the PCM may have multiple crystalline states that may
have distinct resistance levels and correspond to different set states. The state of the
PCM may depend on a magnitude of a voltage andfor current of a programming pulse
applied across the memory cell.  As used heretn, magotinde may refer to a voltage
magnitude or a current magnitude. The programming pulse may heat the memory

g, S00-700 degrees Celsius).  The

=

element © a progmamming temperatae (e
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programming pulse may cause at least a portion of the POM of the memory element to
change phase {e.g., melt), at least temporgrily,  The change in phase may change the
state of the PCM (e.g., set, resety. 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 torrespond to different logic states
of the memory cell 1 some emboduments,

[027] A selector device may be a different material than the memory element in some
embodiments. In some embodiments, the selector device may be a different PCM, a
chalcogenide material, andéor chalcogenide alloy. However, the chalcogemde matenal
of the selector device may or may ot underge g phase change during reading andfor
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 nay depend on the relative voltage polarities of programmung and read
pulses applied across the memory cell.

{028] Figure 1 is a plot 10 of threshold voltages of memory cells which may be
included in a memory array. The threshold voltages 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 m part, by instabulity of selector
devices included in the memory cells. Ling 11 is a plot of the disivibution of threshold
voltages of memuory cells in an initial set state and line 14 is a plot of the distribution of
threshold voltages of memory cells in an initial reset state. In some embodiments, set

and reset states may correspond 1o logic states (e.g., 07 and *17, respectively or 17 and
0, respectively).  As shown in plot 10, when a read pulse is applied to 2 memory cell
at voltage Vread, the voltage of the read pulse s above the threshold voltages of
memory cells m the set state and below the threshold voltage of the wemory cells mthe
reset state.  The state of a given memory ccll may be deternuned based on whether or
not it thresholds in response o the read pulse at Veead,

{029] Over thme, instability in the selector devices of the memory cells may cause the
distribution of set state threshold voltages to increase as shown by arrow 12, The
tnerease i threshold voltages mayv result in 8 new threshold voltage distribution of the

memory cells, tllustrated as line 130 After the disivibution has shifted, when a read
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pulse is applied at voltage Vryead, some or all of the memory cells in the set state may
have a threshold voliage above the voltage Vread. It may no longer be possible to
determine the state of the set memory cells with a threshold voltage above Vread. In
Figwre 1, the memory cells 11 the set state that cannot be differennated from memory
cells in the reset state are indicated by circle 15.

{036} Memory cells are typically programmed and read by applyving progranmuing and
read pulses with the same polarity. However, as will be described in more detail below,
applving progranuning and/or read pulses with different polarities may improve the
stability of the selector devices of the memory cells. This may reduce the extent of the
voltage daft of the threshold voltages of the memory cells. Furthermore, applving a
progranmyng pudse 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 slament may reduce the range of the
distribution of threshold voltages of the selector devices of the memory cells.

{031} Programnung and reading the memory cell in different polaritics may not atfect
the logic state andfor performance of the memory element of the memory cell in some
embodiments.  The logic state andfor performance of the memory element may be
dependent on the voltage, current, andior time duration of the programming pulse
applied across the memory cell. In some embodiments, programnming and reading the
memory cell in different polarities may affect the performance of the selector device.
In some emboduments, the threshold voltage dvift andior distribution of threeshold
voltages of the selector device may be nutigated, at least in part, by the polarities of the
programming and read puolses andior the relative polarities of the programming and
read pulses.

1032} Programming and reading operations may take advantage of different threshold
voltage properties of the memory element and selecior device that result from the
different current andior voltage magnitudes andfor polarities.  Various currents and/or
voltages andfor polarities may be applied to the memory cells with various timings,
seguences, durations, ete. to affect the programming and reading operations.  In some
embodiments, the programniing pulse and the read pulse may have different polarities
to at least partially nutigate the voltage drift of the selector device. In some

embodiments, a programming pulse may have a first portion to progrant a logic state to



WO 2018/080615 PCT/US2017/046585

el

the memory element and a second portion to at least pavtially mitigate the voltage drift
and/or 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 anddéor selector device,  In some embodiments, the second portion of
the programming pulse 18 a different polanty than the first portion. In somwe
cmnbodunents, the second portion bas a lower peak voltage andfor current than the first
portion.  In some ambodiments, a read pulse may have a different polanty than the
second portion of the progranuning pulse.

033} Figure 2A illustrates an apparatus that includes a memory 100 according to an
embodiment of the present invention. The memory 108 includes a memory array 160
with a plurality of memory cells that are configured 1o store data. The memory cells
may be accessed in the array through the use of various access lines, word lines {Wis)
andfor bt lines (BLs). The memory cells may be non-volatile memory cells, such as
NAND or NOR flash cells, phase change memory cells, or may generally be any type
of memory cells, The memory cells of the memory array 160 can be arranged in a
memory array architecture, For example, in one embodiment, the memory cells ave
arranged i 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 data 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
stgnals, address mformation signals, and other siguals between the ¥O bus 128 and an
yternal data bus 122, an internal address bus 124, andfor an internal command s 126
An address register {not shown) may bhe provided address information by the KO
control oircuit 120 to be temporarily stored.  In some embodiments, the VO control
circuit 120 may include the address register. The VO control circuit 120 is coupled to a
status register 134 through a status register bus 132, Status bits stored by the status
register 134 may be provided by the IO control circuit 120 responsive to a read status
command provided o the memory 100, The status bits mayv have respective values to

indicate a status condition of vartous aspects of the memory and its operation.
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[035] The memory 100 also includes a control logic 110 that receives a number of
control signals 138 either externally or throngh the conmmand bus 126 to conwrol the
operation of the memory 100. The control signals 138 may be implemented with any
appropriate nterface protocol. For example, the control signals 138 may be pin based,
as is common in dynamic random access memory and flash memory {e.g, NAND
flashy, or op-code based. Example control signals 138 mclude clock signals,
read/write/programy signals, clock cnable sigmals, etc. A command register 136 is
coupled to the miernal command bus 126 fo store information received by the VO
control circuit 120 and provide the information te the control logic 110, The control
fogic 110 may further access a 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 to varions circuits of the memory
100, For example, responsive to receiving a memory access command {e.g., read,
program}, the control logic 110 may provide internal control signals to control various
MHSMOY gcoess Cireuits to perform 3 memory gecess operation. The vartous memory
access circuits are used durmg the memory access operation, and may generally mclude
circuits such as decoder circuits, charge pump circuiis, access line drivers, data amd
cache registers, O cirowts, as well as others.

[036] The address register provides block-row address signals o a decoder circuit 140
and column address signals to a decoder civcunt 130, The decoder circunit 140 and
decoder circwit 1530 may be ased to select blocks of memory cells for memory
operationts, for example, read and program operations. The decoder circut 140 andfor
the decoder circuit 1530 may include one or wore access lne drvers configured to
provide signals to one or more of the access hnes 1 the memory array 160 to perform
memory operations. Forexample, read pulses and program palses may be provided to
the access lines for read and program operations. The access ling drivers may be
coupled to access lines of the memory array 160, The access line drivers many drive the
access linegs with a voliage that is provided by voltage cirenit 154, The voltage circuit
154 may provide different voltages VI, V2, ..., VN with different polarities during
operation of the memory 108, for example, during memory access operations. The
voltages V1, V2, .., VN provided by the voltage circutt 154 may include voltages that

are greater than a power supply voliage provided to the memory 100, voltages that are

e
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less than a reference voltage {e.g., gwround) provided to the memory 108, as well as
other voliages.

1037] A data YO circuit 170 includes one or more circuits configured {o fhcilitate data
transter between the FO control civcwt 120 and the memory array 160 based on signals
received from the control logic 118, In varions embodiments, the data ¥O circat 170
may include one or more sense amplifiers, registers, buffers, and other circuits for
sensing logic states, managing data transfer between the memory array 160 and the VO
control civouit 120, For example, during a write or program operation, the 1O control
circuit 120 recetves the data 1o be written through the FO bus 128 and provides the data
to the data O circuit 170 via the internal data bus 122, The data YO cwoust 170
writes/programs the data to the memory array 160 based on control signals provided by
the conirol logic 110 at a location specified by the decoder cirenit 140 and the decoder
circait 150, During a read operation, the data VO circutt reads data from the memaory
array 160 based on control signals provided by the conivel logic 110 at an address
specified by the decoder circuit 140 and the decoder circuit 150, The data VO cironit
provides the read data to the FO control cirewt via the internal data bus 122, The YO
control circuit 120 then provides the read data on the ¥O bus 128.

[038] In some embodiments, the control logic 110 controls circuits {e.g., access line
drivers) such that during a programuming operation on a memory cell of the memory
array 100, a first voltage (e.g., OV} may be provided to a selected word and a second
voltage may be provided to a selected bit line. The memory cell may be at the
intersection of the selected word line and bit line, 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 1o the selected word line and bit line. The magmitade of the
second volltage 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 "0, and +6V for °17),
In some embodiments, during a programming operation, the sclected bit hne may
always be provided a speaific voltage, and the word line may be provided a voltage
higher or lower than the voltage of the bit line, based on the logic state to be stored at
the address. In some embodiments, the word ling may be provided with multiple
voltage levels during a single programming operation. T some embodiments, the word

line mav be provided with multiple voltage levels during a single programmung
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operation such that a polarity of the voltage changes during the single programming

operation.
1039] fn some embodiments, during a read operation on a memory cell, a Hrst voltage

{e.g.. OV} may be provided to 8 selected word hine and a second voltage (e.z., -5V,
+5V Y may be provided to a selected bit line. The memory cell may be at the intersection
of the selected word line and bit ine. The second voliage may be greater than or less
than the first voltage provided {o the word line, however, the second voltage mway
provide the same voltage polarity for every read operation.  The logic state of the
memory cell may be sensed by a sense amplifier coupled to the selected bt line. The
sensed logic state of the memory cell may be provided to the data O curomt 170,

{046] Figure 2B illustrates a memory armay 160 according to an embodiment of the
mvention. The memory array 160 includes a plurality of access lines, for example,
access fines WL-0, WL-~1, WL-2, WL-3, WL-4 and access hnes BL-0, BL-1, BL-2, BL-
3, BL-4. Memory cells {not shown in Figure 1B) may be at the mersections of the
access lines. A plurality of individual or groups of memory cells of the memory arcay
160 are accessible through the access lnes W0, WiL-1, WL-2, WL-3, Wi-4 and
access hnes BL-0, BL-1, BL-2, BL-3, BL-4. Data may be read from or wiitten to the
memory cells, A decoder circuit 140 is coupled to the phurality of access lines WL-G,
WL-1, WEL-2, WL-3, WL-4, with respective access line drivers 242, 243, 244 245246
biasing each of the respective access Hnes WL-0, WEL-1, Wi-2, WL-3, WL4 A
decoder cirawit 150 is coupled to the plurality of access lines BL-0, BL-1, BL-2, BL-3,
BL-4, with respective access hine drrvers 232, 253, 254, 255, 256 biastng each of the
respective access lnes BL-0, BL-1, BL-2, BL-3, BL-4,

{041} Internal control signals are provided, for example, by the control logie 110, to
the access line drivers 282, 253, 254, 255, 2536 i order to bias the respective acoess
ings BL-0, BL-1, BL-2Z, BL-3, BL-4. Internal control signals are also provided, for
example, also by the control logic 110, 1o the access hine drivers 242 243, 244, 245,
246 in order to bias the respective word Hngs WL-0, WL~ WL-2, WL-3, WiL-4. The
control logic 110 may be a state machine that, upon receiving commands such gs read,
write, etc., 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 Bnes

WL-0, WE~1, WL-2, WL-3, W4, BL~0, BL-1, BL-2, BL-3, BL-4 may depend on an
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operation that will be performed responsive fo a received command. In some
embodinents, decoder circpits 140, 150 may be capable of symmetrica!l operation in a
first polarity and a second polarity.  In some embodiments, the decoder circuits 140,
150 may be capable of agyrumetrical operation in the first polanity and second polarity.
For example, the decoder circoits 140, 130 may provide higher magnitude voltages
and/or currents i the first polarity and lower magnitude voltages andior currents in the
second pelatity.  In some embodiments, asymmetrical decoders may have a smaller
fayout area.

042} Figure 3 15 & dingram lustrating a portion of an artay 200 of memory cells
according to an embodiment of the discloswe.  The array 200 mav be used to
mmplement the memory armay 100 of Figure 1 in some embodunents. In the example
ilustrated in Figere 2. the arsay 208 s a cross-point arvay including a first number of
conductive lines 230-0, 230-1, . .., 230-N, e.g., access lines, which may be referred 1o
herein as word lines, and a second nomber of conductive lnes 220-0, 220-1, . . ., 220~
M, e.g., access limes, which may be referved to herein as bit lines. A memory cell 225
is focated at each of the intersections of the word lines 230-0, 230-1, . . ., 230-N and bit
lines 220-0, 220-1, . . ., 220-M and the meamory cells 225 can function i a two-
terninal architecture, e.g.. with a particalar word line 230-0, 230-1, .. ., 230-N and bit
fine 220-0, 220-1, ., 220-M serving as the electrodes for the memory cells 225,

1043} The wemory 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 mclude a matertal programmable to different
logic states {e.g.. chaleogenide). For example, the memory cell 225 may include 2
composition that may include selemium (Se}, arsenic (As), germamium (Ge), stlicon
{51}, Telhwivm {Te), Antimony (8b) or combinations thereof. Other materials may also
be used. For instance, the memory cell 225 may be programmed 1o have g particular
resistance andfor threshold voltage corresponding to pacticular logic states responsive
to applied programuing voliage andfor current pulses, for instance. Embodiments are
not linted to a patticular material or matenals. For instance, the material can be a
chalcogenide formed of various doped or undoped mwaterials. Other examples of
materials that can be used to form memory elements or selector devices mclude binary

metal oxide materials, colossal magnetoresistive materials, andior variows polymer
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based resistance variable materials, among others. In some embodiments, memory cells
225 of array 200 may cach inclode a memory element and a selector device. In some
embodiments, the memory cells 225 may inchude a single material andfor component
that gcts as g memory element and a selector device {e.g., 8 stovage element).

{044} In operation, the mewmory cells 225 of array 200 can be programmed by
applying a voliage, ¢.g.. a programnming voltage, across the memory cells 2235 via
selecied word lines 230-0, 230-1, .. ., 230-N and bit Bines 220-0, 220-1, .., 220-M.
A sensing, e.g., vead, operation can be used to deternuine the data state of a memory cell
225 by sensing current, for example, on a bit hne 2200, 220-1, . . | 220-M
corresponding fo the respeetive memory cell responsive to a particular voliage applied
to the selected word ling 230-0, 230-1, . . ., 230-N to which the respective cell is
coupled.

{045} Figure 415 a diagram illosteating a portion of an array 300 of memory cells. The
array 300 may be used to implement the memory array 160 of Figwre 24 in some
embodiments. In the example illustrated in Figure 4, the arcay 300 is configured m a
cross-point memory array architecture, e.g., a three-dimensional (3D} cross-point
memory array architecture. The multi-deck cross-point memory array 300 includes a

number of successive memory cells, e.g, 208, 218, 228 disposed between alternating,

e.u., interleaved, decks of word lines, ey, 230-0, 2301, | 230-N and 212-0, 2121,
... 212-N extending in a first divection and bit lines, e.g., 220-0, 220-1, . ., 220-M

and 214-0, 2141, . . | 214-M extending in a second direction. The namber of decks
can be expanded in number or can be reduced in number, for example. Each of the
memory cells 205, 225 can be configwwed 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
214-0, 214-1, . . ., 2H-M, such that a single memory cell 205, 225 s durectly
electrically coupled with and 5 elecinically in series with s respective bt line and
word line. For example. array 300 can nclade g three-dimensional matrix of
ndividually-addressable, e g, randomly accessible, memory cells that can be accessed
for data operations, e.g., sense and write, at a granulartty 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 wclude 8 memory element and a selector device,

In some ewvbodiments, the memory cells 205, 2185, 228 may include a single matenal
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and/or component that acts as a memeory element and a selector device {e.g., 8 storage
glement). In g number of embodiments, memory array 300 can inchide more or less
decks, bit lines, word lines, and‘or memory cells than shown in the examples in Figwre

4,

{046} Figure 5 is an tllustration of a portion of a memory array 300 according to an

cmbodinent of the disclosure. The portion of the memory atray 500 may be included
11 the memory array 160 of Figwre 1. The memory array 300 may inclade a first aceess
line 503 and a second access Bne 535, For sase of reference, the first access line may
also be referred 1o as a word line (WL} 505 and the second access line may also be
referred to as a bif line (BL) 335, As shown m Figure 4, the WL 503 extends parallel to
the plane of the page, and the BL 335 extends into and owt of the plane of the page,
perpendicular to the WL 305, A memory cell 540 mav be located at the intersection of
the WL 505 and BL §35. The memory cell 540 may tnclude a selector device 315, The
selector device $15 may be coupled to WL 505 by a first electrode 510 and coupled to a

second electrode 520, The clectrode 520 may couple the selector device 515 1o

&

memory element 525 included in the memory cell 340, The memory element 525 may
be coupled to BL 535 by a third slectrode 530. The memory element 325 may mclude
a chalcogenide material, o some embodiments, the chalcogenide material may be 2
phase change material, but other matersals may be used.  In some embodiments, the
selector device 515 may also tnclode a chalcogenide material. In some embodiments,
the selector device 315 may include a material that does not undergo a phase change
during operation. In some emboduments, the memory element 5325 andfor selector
device 315 may include a ternary composition that may inclade selenium {Se}, arsenic
{As), germantom {Ge), Tellunium (Te), Antimony (8h), and combinations thereof. In
some embodiments, the memory element 525 andfor selector device 518 may inclade a
gquaternary compostiion that may include sthicon (81), Se, As, Ge, Tellunum (Te),
Antimony {Sb), and combinations thercot. Other materials may also be used.

1047} As will be described fn more detail below, voltages andfor currents may be
provided to the memory cell 540 using the first and second access lings WL 505 and
BL 835, The first and second access Hnes WL 305 and BL 333 may alse be used w0
sense a voltage andfor current of the memory cell 540, as well. Voltages andior

cortents may be provided to the memory cell 540 to program a logic state w the
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memory cell, and voltages and/or currents may be sensed to read data from the memory

ell 540, Circuits, such as access line drivers may be coupled to the access Hnes WL

L

508 and BL 535 to provide the voltages 1o the memory cell 540, and a sense amplifier
may be conpled to the access lines WL 53035 andéor BL 335 to sense a voltage andior
corent of the memory cell 540. Based on the voltage andfor current that is sensed, a
logic state or logic states stored by the memory cell 540 may be deternuned.

048] The memory element 525 may be written o store one of at least two different

<

logie states {e.g, "1, "07) by a programming operation. In some embodiments, the
different logic states may be represented by different threshold vohages (Vi) of the
memory element 525, For example, a 17 logic state may be represented by a first Vg
and a ‘0’ logic siate mav be represented by a second Vi, The threshold voltage the
memory element 525 exhibits may be based on a state of a phase change matenal
{(PCM) mcladed in the memory element 525 (o g, amorphousieset or crystalline/set),
The state of the PCM may be based, at least in part, on the nagnitade of a8 current
andior voltage of a programuning pulse applied to the memory cell 540 dwring a
progranwaing operation.  In some embodiments, the state of the PCM may be
malependent of a polarity of the current andfor voltage of the programming pulse. The
state of the memory clement 525 may be determined by applying a read pulse during a
read operation. The programming pulse and read pulse may be applied to the memory
cell 540 ysing the firet and second access lines 305 and 535,

[049] The selector device $15 may exhibit different threshold voltages (V). The
selector device 515 may exhibit different propesties (e.g., voligge drift, distribution of
threshold voltages). The threshold voltage the selector device S135 exhibits may be
based on a polarity of a programuning pulse applied to the memory cell 540 dwmng a
program operation and a polarity of a read pulse applied o the memory cell 340 dwing

a read operation. The programming pulse and read pulse may be applicd to the

L

memoery cell 340 using the first and second access hines 505 and 535

1056} The memory cell 540 may be configurad as a two-terminal device betwesn the
BL 335 and WL 505 in some embodiments. A fivst logic state may be written {o the
memory cell 340 by applying a voltage {e.g., a programning pulse) across the memory

cell 540 i a fiest polarity at a fisst voltage or current. A second logic state may be
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written to the memory cell 540 by applying 8 voltage {e.g., a progamming pulse}
across the memory cell 540 in the first polarity &l a second voltage or carrent.

1081} The memory cell 340 may be read by applving a voltage (2.g., a read pulse)
across the memory cell 540 {e.g., using BL 535 and WL 505}, In some embodiments,
the memory cell 540 is read by applying a voltage across the memory cell 340 in the
first polartty. In other embodiments, the memory cell 340 15 read by applying a voltage
across the memory cell 540 in a second polardy. The memory cell 540 may ablways be

read with the same polarity. In some embodiments, the memory element 525 may

read pulses. In some embodiments, the threshold voltage of the memory element 325
may be based on the magnitude andfor duration of the programaming pulse applied
across the memory cell 540, The different threshold voltages of the memory call 540,
based on the threshold veltages of the memory clement 5325 and selector device 315,
may be used to represent different logic states.

{052} When the memory cell 340 15 a two-terminal device, the relative values of the
voltages between the terminals determines the magntinde and the polarity of the voltage
or current applied across the memory cell 540. For example, providing a voltage of 3V
to the BL 535 and OV fo WL 503 resulis in the same magnitude and polarity of voltage
as providing 8 voltage of 6V at BL. 335 and 3V at WL 505, Other non-negative (2.8,
OV or greater), negative, andéor posibive voliages may be provided o the memory
access lnes in some embodiments. As used hervein, forward polarity indicates that the
BL 535 1y set at g higher voltage than the WL 505 and roverse polanty indicates that the
BL 535 i3 set at a lower voltage than the WL 303, However, the use of “forward” and
“reverse” polarities s by way of example, and the embodiments of the invention are not
limited 1o those of the particular polarity directions described herein.

053] Figure 6A 18 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
progranuning pulse 605 The memory cell programmed by programming pulse 603
603 and read pulse 610 are i forward polarity. However, the programmnung pulse 6035

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

1054} Figure 6B 15 a voltage plot of a programmming pulse 615 and a read pulse 620
according to an embodiment of the discloswe. In the example shown in Figore 68, both
the programunung pulse 618 and read pulse 620 are shown as square pulses. However,
the pulses may be other shapes (e, ramp, stawcase, sinusoidal),  In some
embodiments, square programming pulses may have sloped sides andior rounded
comners. A memory cell may be programmed by a progranwming pulse 615, The
melnded 1 g memory elemen of the memory cell. The programming pulse 615 may
be of 3 magnitude andior duration to cause the PCM to achieve a degree of copstallinity
for a logic state. In some embodiments, the programuming pulse 615 may cause a phase
change (e, melt, solid state re-crystallization) n at least g portion of the PCM of the
memory element. The memory cell programmed by programming pulse 615 may be
read by read pulse 620, Although the magnitude and duration of read pulse 620 are
shown to be egeal to the magnitude and duration of programming pulse 615, in some
embodiments, the read pulse 620 mav have a lower or higher magnitude and shorter or
tonger duration than the programmg pulse 6150 Ag discussed 1 reference 1o Pigare
1, the magnitude of the read pulse 620 may be selected to fall between the threshold
voltage of memory cells in the set state and memwory cells in the reset state in some
embodiments. As shown for the embodiment of Figure 68, the programming pulse 615
15 m reverse polarity and the read pulse 620 1s in forward polatity. Howewer, the
programming pulse 615 may bave forward polatity and the read pulse 620 may have
reverse polarity.  Applying programuning and read pulses in opposite polarities as
shown i Figure 6B may mitigate voltage doifl.

s3] In some embodiments, a programmuing pulse in g polartty opposite that of g read
pulse may be apphied only when a set state is progranuned © 8 memory cell. In some
embodiments, a progranuming pulse ina polanty opposite that of a read pulse may be
applied only when a reset state is programmed to a memory cell,  In some
embodiments, a programming pulse in a polarity opposite that of a read pulse may be

applied regardless of the state programmed to the memory cell.
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{056} In some embodiments, the selector device may be sensitive to the polarity of the
final portion of the programnung pulse.  Accordingly, a programming pulse may
inclode voltages andfor currents in multiple polarities. For example, a programming
pulse may have a first portion i a first polarity and 2 second portion 1 a second
polarity, and the selector device's performance may be based on the second polartty. A
progranuning pulse with multiple polanities may be advamtageous when the voltage
and/or carrent required to mitigate tnstabihity in the selector device 15 different than the
voltage and/or current required to program the memory element. Decodess included in
g memory with the memory cells need not be fidly symmetrical if higher voltage and/or
currents are apphied only in ane polarnity while lower voltage and/or currents are applied
m another polarity.  Asymmettical decoders may have a smaller lavout than fully
symmetrical decoders.  Furthermore, a memory having 8 programming pulse with
multiple polarities may not require changing polarities of a read pulse.

{0587] Figure 7 is a voltage plot of a programming pulse 703 having a first portion 713

o
7
¢

and a second portion 720 according to an embodinent of the disclosure. A read pulse
710 s also ithustrated. In the embodiment of Figure 7, the read pulse 710 has a polasity
as that is the same as the first portion 715 of the programming pulse 703, Programming
pulse 703 may be configured to program a logic state in a memory element of a
memory cell and to mitigate mstability in a selector device of the memory cell. The
first portion 713 and second portion 728 may have different polarities.

j058] In some embodiments, the first portion 715 may program a logic state to the
memery element and the second portion 720 may mitigate mistability in the selector
device. The first portion 715 may include one or more voltages andfor currents each
lasting a particular peniod of time.  The shape of the first portion 715 may be based, at
feast in part, on the charactenistics of a POM inchuded in the memory element andfor
other materials wcluded in the memory cell. 1n other words, the first portion 715 may
program the memory elament of the memory cell. The magnttude andfor duration of
the first portion 715 may at least temporarily change a phase of at least a portion of a
PUM of the memory element. For example, the fist portion 715 may melt at least a
portion of the POM. Changing the phase of at least a pottion of the PCM may program

the logic state to the memory clement.
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{039] The second portion 720 is shown as 8 square pulse in Figgwe 7, but the second

portion may be other shapes (e.g, ramp, staircase, sinusoidal). The shape of the second
porbion 720 may be based, at least in part, on the characteristics of the memory element
anddfor 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 requived to change a phase of a
PCM of the memory element but 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 i the memory cells in some
embodiments. The temperature required to achieve & tfemperature effect in the selector
device may be referred to as an activation temperature of the selector device. The
activation iemperature of the selector device may be based, at least in part, on material
characteristics of the selector device. Without being bound to a particular theory, the
activation temperature achieved by the second portion 720 of the programming pulse
705 may sllow atom vedistribution that improves the distnibution of atoms in the
selector device. Without being bound to a particalar theory, the activation temperature
may allow electron redistribution that improves the distribution of electrons m the
sedector device in addition to or instead of entire atoms. In some embodiments, the
duration of the second portion 720 may provide adequate time for atom redistribution
{e.gq., 20-50ns).

j068] fn some embodiments, the magnitude of the second portion 720 of the
programming pulse 705 may be g magnitude o reduce elemental sepregation in the
selector device. The second portion 720 may reduce elemental segregation within an
alloy of the selector device. In some embodiments, the coraposttional gradient of the
selector device may be reduced by the second portion 720, That s, the matertal
compositton of the selector device may be uniform or more untform along one or more
physical dimensions {e.g., top-to-botiom, side-to-side, proximate to word line-to-
proximate to bit line) of the selector device. Without being bound t© a particular
theory, the voliage andfor current magnitide of the second portion 720 may mitigate an
slectric~field driven slemental segregation effect in the selector device. For example, in
a typical selector device including an As-Se alloy, may inttially have a sobstantially

uniform concentration of As {e.g., between 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). Stnularly, 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 afier the menory cell is programmed to a set state {o.g., 50-55% at the
top and 30-33% at the boitomy). These differences tn concentrations of As and Se at the
top and bottom of the selector device create a compositional gradient from top t©
bottom i the selector device.  The compositional gradient may degrade the
perfonmance of the selector device in some applications. According to principies of the
disclosure, applyiag the second portion 720 of the programming pulse 705 may reduce
or eliminate the compostiional gradient when the memory cell is programmed 1o a set
or resef state. Continuing the example above, the concentration of As andior Se m the
selector device may remain substantially uniform {e.g., within 5% or within 10%) fom
top to bottom when the second portion 720 is applied to the memory cell,

{61} fn 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 embodiments,
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 drift nutigation may be compronused.

[062] The programming pulses 613 and 703 shown m Figures 6B and 7 may be used
to program a logic state to a memory cell, such as memory cell 340 shown i Figure 3,
during 8 programming operation. The programming pulses mayv be apphied by
providing a first voltage to the BL and providing a second voltage 1o the WL, Circuits
coupled to access hines to which memory cells may be coupled may be nsed to provide
the first voltage, for example, access line drivers mcluded i the decoder cireuits 140
and 130 of Figure 2. The circuifs mav be controlled by the internal conuol signals
provided by a control logic, for example, control logie 110 of Figure 20 In some
embodiments, the programming pulses may be configured by signals provided by the
control logic 110, The resuliing vohiage applied to the memory cell is the difference

between the fust and second voltages. The progranuning pulses may be the same
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duration as vead pulses in some embodiments. In some embodiments the duration is
10ns-30ns.  In some embodiments, the duvation may be 1-100ns.  In some
embodiments, the doration may be los-lus. o some embodiments, for programming
pulses having first and second portions, the first portion of the programming pulse may
be longer than the second portion of the progrannming pulse {(e.g, 60-1800ns and 20ns-
S0ns). In some cebodiments, the first and second pertions may have equal durations
{e.g, 30us and S0ns). In some embodiments, the first portion may be shorter than the
second portion. Programuning the memory cell may take more or less time as reading
the memory cell i some embodiments,

{063} Creenits coupled to access lines to which memory cells may be coupled may be
used to provide the read pulses, for example, access hine drivers included in the decoder
circnits 140 and 150 of Figure 2. The civeuits may be controlled by the internal control
signals provided by a control logic, for example, control logic 110 of Figure 2. A read
pulse may be a voltage Vi applied to the memory cell for a period of time (e.g., 10ns-
SOng, Ins-100ns, Ins-tps) Although shown as square pulses i Figures 6B and 7, read
pulses of other shapes may be implemented.  Other suitable read pulse shapes include,
but are not himited to, triangular, trapezoidal, staircase, andfor sinusoidal. In some
embodiments, read pulses may include leading andfor trailing edges.  Although read
pulses 620 and 710 are shown as having forward polarity, the read pulses 620 and 710
may be tmplemented in reverse polarity when the programming pulse and/or final
portion. of the programuming pulse i implemented in forward polanty. In some
smbodiments, the read pulses may glwavs be applivd with the saune p@larity {e.g.all
read pulses exhubit forward polarity, all read pulses exhibit reverse polarity).

{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 respect to current and be within the scope of the present disclosure. Voltage and
current are proportionally related, and absent other factors, mcreasing or decreasing the
current of a progranuning and/or read pulse may have a similar effect on the operation
of a memory device as moreastug or decreasing the voliage of a programuuing or read
pulse in some smbodinents. For example, programming pulses 615 may have current
magnitudes from 60-130pA and time durations from 10ns-lys w some embodiments.

In another example, prograsuning pulse 705 may have a first pottion 718 may bave
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corrent magmtudes from 60-130pA and time durations from 10ns-lus m some
embodimenis.  Conimuing this example, the second pottion 720 way bhave current
maguitodes from 20-130pA and time durations from 10-530n3. The magnitudes and
time dwrations of programming pulses 615 and 705 may be based, at least in part, on a
state to be programmed to the memory element.

[065] Example programming pulses plotted with respect to current are shown in plots
ROOA and R00B of Fignwes 8A and 8B. The programming pulses in Figores 8A and 8B
are exemplary and the disclosure s not linuted to the particular programming pulses
805 and 835, In some embodiments, the programming pulses 805 and 835 may be used

3
!

to unplement programming pulse 705 shown in Figwe In some embodiments,
programming 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 i Figore 8, the first portion 810 of programiming pulse 805 has thiee
current magnitades. The first magnitude 820 may be 30uA and may have a time
duration of 600ns. The second magnitude 825 may be 60pA and may have g time
duration of 50ns. The third magnitude 830 may be 30uA and may bave a {ime duration
of S0ns. The second portion 813 of programming pulse 805 may have a current
magnitude of 20pA and may have g time duration of 20ns As tlustrated m Figare A,
the current magnitudes 820, 825, and B30 of the first portion 810 have a first polarity
{e.g., forward polarity) and the second portion 8195 has a second polarity (e.g., reverse
polarity) opposite the first polarity.

j066] Programming pulse 803 ix provided as an example, and other programming
pulses may be used. For example. another magnitude may be implemented between
magnitades 820 and 825, This additional magmitinde may be 35uA and have a time
duration of 50ns. In another example, the second portion 815 may have a magoitude of
30uA and may have a dusation between 10us.  Programumnng pulse 805 way have
current and/or voltage magnitudes and time durations based, at least in part, on the
material properties of the memory element andfor selector device of the meamory cell
The first portion 810 of programmming pulse 805 may be configured o program a set
state to the memory slement in some embodiments.

1067} Example programuing pulse 835 of Figure 8B may have a first portion 840

with 2 magniiude of 130gA and may have a time duration of 20ns. The second portion



WO 2018/080615 PCT/US2017/046585

45 of programming pulse 835 may be 20pA and have a time duration of 20ns.
Programming pulse 833 is provided as an example, and other programming pulses may
be used. For example, the first portion 840 may be 130uA and have a time duration of
120s. The second portion 845 may be SO0pA snd bhave a time duration of 10ns.
Progravmaming pudse B35 may have cowvent and/or voltage magnitudes and tune
durations based, at least in part, on the material properties of the memory cloment
andfor selector device of the memory cell, The first portion 840 of programming pulse
835 may be configured lo program a reset state o the memory element in some
embodinments. As dlustrated in Figure 88, the corrent magnitude of the first portion 840
has a first polarity (e.g., forward polansty) and the second portion 845 has a second
polarity {e.g., reverse polarity} oppesite the first polarity.

{i68] I some embodiments, the memory cell may be implemented using the memory
cell 540 illustrated 1 Figure 5. A read pulse may be applied by providing a first

voltage to a bit baoe (e.g., BL 335 and providing a second voltage to a corresponding
word line (e.g, WL 3053 A sense amplifier {not shown) coupled to a bit line
assoctated with the memaory cell to be read may be nsed to detect a corrent through the
memory cell. The sense amplifier may be configured to sense the current through the
memory cell responsive 1o the read operation and provide an output signal indicative of
the logic state stored by the memory cell. The sense amplifier may be included in g
memory that inclodes the memory celll For example, the sense amphifier may be
mctoded with other read and progranuming circuits, decoding circuits, regisier cirenits,
etc. of the memory that may be coupled to a memory array. When a read pulse s
applied to a memory cell, the memory cell condocts current when the read pulse
exceeds the threshold voltage of the memory cell. The sense amplifier way detect a
current Iy through the memory cell. When a read pudse below the threshold voltage s
applied to a memory cell, the memory cell does not conduct current.  The sense
anyplifier may detect lttle or no cuwrrent through the memory cell.  In some
embodiments, a threshold current vy may be defined for sensing the logic state stored
by the memory cell. The threshold current Ly may be set above a corrent that may
pass through the memory cell when the memory cell does not threshold m response to
the read pulse, but equal o or below an expected current through the wmemory cell when

the memory cell does threshold m response to the vead pulse. That 15, the tweshold
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cuarrent Tey should be higher than a leakage cwrrent of the bit hine andior word Hne.
¥

When sense amplifier detects Ig2lyyg, 2 logic state may be read from the memory cell,

Other methods of detecting a camrent and/or a voltage across the memory cell may be

used.
{069} The threshold event may be used Io determine the logic state of the memory cell

m some embodiments. For exanyple, using the ramp read pulse 710 shown in Figure 7,
athreshold event {e.g., 151y}, may be detected when the read pulse 710 is at a voltage
(V). Based, at least in part, on whether a threshold event is detocted, the logic state of
the memory cell may be determined. Continuing this example, a read pulse may have a
voltage Ve = 5V, a memory cell in a sef state may have a threshold voliage Vgpy =4V,
and g memory cell i 8 reset state mav have a threshold voltage Viwser = 6V, Ha
threshold event 18 delected in response to & read pulse, the memory cell may be
determined to be in a sof state. I a threshold event 1s not detected m response to & read
pudse, the memory cell may be determined fo be in a reset state.

{076} Figure 9 15 a flow chart of a method 900 for programming g memory cell
according to an embodiment of the disclosure. For example, the method 900 may be
used with programming and read pulses shown in Figwre 6B. In some embodiments,
states, and the memory cell nay be implemented by memory cell 840 shown i Figure
5. For example, the control logic 11 may provide mternal control signals to various
circunits in the memory 100 to perform the method 900, At Step 905, a programuting
pulse i applied in 3 first polarity. The programming pulse may be applied across the
memory cell 340 to program a staie of the memory cell 340, The programming pulse
may cause at least a temporary phase change to g portion of the memory element 525,
A magnitude andior duration of the programming pulse may be based on a logic state to
be programmed to the nwemory element 525, For example, a high magnitode may be
selected to program "0 and a low maguitade way be selected to program “17 1o the
memory glement 525, A polarity of the programming pulse may be selected based ona
polarity of a subsequent vead pulse applied to the memory cell 340, At Step 910, aread
pulse is applied in a second polarity. The read pulse may be applied across the memaory
cell 540 1o detennine a state of the memory cell 540, The polarity of the read pulse

may be different than the polarity of the progranuning pulse applied i Step 905, The
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magnitude of the read pulse may be based, at least in part, on the threshold voltages of
the memory cell 540 in corvesponding logie 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 magnitude of the threshold voltage of the memory cell in
a second logie state.

{071} Figure 10 15 a flow chart of a method 1000 for progranuning a memory cell
according to an embodiment of the disclosure. For example, the method 1000 may be
used with progranuning and read pulses shown in Figwes 7 and 8A-B.  In some
embodinments, the method 1000 may be used by the memory 100 of Figure 2 for
progranuning logic states, and the memory cell may be implementad by memory cell
540 shown in Figwee 8 For example, the control logic 110 may provide interal
control signals to various circaits 1 the memory 100 to perform the method 1000, At
Step 1003, g first portion of a programuung pulse 15 applied in 8 fiest polanty. The
programming pulse may cause al least a temporary phase change 1o a portion of the
memory element 5250 A magnitude and/or duration of the first portion may be based
on a logic state 10 be programmed 1o the memory element 525, For example, a hugh
magnitude may be selected to program ‘07 and a low magnitude may be selected 1o
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 polasity of the second portion may be selected based on a polarity of a
subsequent read pulse applhied to the memory cell. A magnitude andfor duration of the
second portion may be based on muaterial properties of the memory element and/or
selector device of the memory cell. In some embodiments, the magnitude of the second
portion may be less than g magnitude required 1o meli and/or change a phase of at least
a portion of the memory clement but equal to or greater than a magnitude required to
reach an activation temperature to achieve a temperature effect in the selector device.
The temperature effect may be the redistribution of atoms andier electrons in the
selector device in some ambodiments. In some embodiments, the voltage and/or current
magnitnde of the second portion may be selecied, at least in part, to mitigate av
slectric~-field driven elemental segrepation effect in the selector device, which may

reduce a compositional gradient in the selector device.
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{073} At Step 1015, a read pulse is applied in the first polarity. The read pulse may be

applied across 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, oun the threshold voltages of the memory cell 540 in
corresponding logic states. For example, the maguitude of the read pulse may be above
the magnitede of the threshold voltage of the memory cell in a first logic state and
below the magnitude of the threshold voltage of the memory cell in a second logic
state.

{074} Other programming and reading operationsy andior modifications to the
operations described herein may be used without departing from the principles of the
disclosare.  For example, in some methods, sensing cwrrents andfor voltages may be
Hmited to a specific time period. The time period mayv be from the initiation of a read
pulse to a pomnt in time afier the initiation of the read pulse {g.g., 20ns).

{075] In some embodiments, a method similar to method 1000 described above and
the programming and read pulses illustrated in Figures 7 and 8A-B may be used in a
memory inchuling memory cells that do not mclude separate memory elements amd
selector devices. The threshold voltage properties of a memory cell with this
alternative architectire may allow an element of the memory cell to act as both 3
selector device and a mewory 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 storage element.
Hewever, the storage element may sometimes be referred to as a memory element. The
threshold voltage exhibited by the storage element may depend on the relative voltage
polanities of read and programming pulses apphed across the memory cell. For
example, the storage element may exhibit a first threshold voltage when read if the
memory cell was written 10 and then read with the same voltage polanity.  The storage
element may exhibit a second threshold voltage when read i the memory cell was
written to and then read with different (e.g., opposite) voltage polanities. The storage
element may be an element between electrodes in some embodiments.

j076] A logic state may be programmed to the storage element of the memory cell,
which may correspond to one or wmore bis 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 applying voltages of a single polarity. In some embodiments, the
storage element may include a chalcogenide material.  However, the chalcogemide
material may or may vot ondergo a phase change during reading and/or wiiting, o
some embodiments, the chalcogenide material may not be a phase change material.

{077} Figure 11 iz an Hustration of a portion of a mewory array 1100 according to an
cmbodiment of the disclosure. The memory array 1100 may be used to tmplement
memory array 160 w Figore 2 i some embodiments. The memory array 1100 may
include a first access Hane 1108 and a second access line 1128, For ease of reference,
the first access line may be referred to as a word Hne (WL} and the second access line
may be reterred o as a biy e (BL) 1125, The WL 1105 15 perpendicular to the BL
1125, As shown in Figure 11, WL 1105 extends parallel to the page and BL 1123
extends into and out of the page. A memory cell 1116 may be located at an intersection
of the WL 11058 and the BL 1125, The memory cell 1116 may melude a storage
element 1115 The storage element 1113 may be coupled to WL 1105 by a first
electrode 1110 and coupled to BL H3S 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 emboditaents, the chalcogenide does not
undergo 2 phase change during operation of the memory cell 1116, In some
embodiments, the storage element 1115 may mclude 8 ternary composition that may
wmctude selentum (Se), arsenic {As), and germaniom (Ge).  In some embodiments, the
storage element 1013 may inclade a quaternary composition that may nclude silicon
{51}, Se, As, and Ge. Other matenals may also be used. The storage element 1115 may
act as both a selector device and a memory element in some embodiments,

1078} The memory cell 1116 may be programmed to store one of at least two different
logic states {e.g., *1,7 '0°) by a program eperation. In some embodinents, the different
logic states may be represented by different threshold voltages (V) of the memory
cell 1116, For example, a ‘1 logic state may be represented by a first Vi and a *0°
logic state may be represented by a second V. The threshold voltage the memory
cell 1116 exlubits may be based on a polarity of a programming palse 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 operation, The prograsnming pulse and
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read pulse may be applhied to the memory cell 1116 using the fst and second access
lines 1105 gnd 1125

1079} The memory cell 1116 may be configured as a two-terminal device between the
BL 1125 and WL 1103 in some embodiments. A first logie state may be programmed
to the storage element 1115 of the memory cell 1116 by applyving a voltage {e.g., a
progranuing pulse) across the memory cell 1116 1 a first polanity. A second logic
state may be programmed to the memory cell 1116 by applyving 2 voliage {e¢. a
programming pulse} across the memery cell 1116 i a second polarity, which mayv be
opposite 1o the first polarity. The memory cell 1116 19 read by applying a voltage (e.g.,
a read pulse) across the terminals. In some embodiments, the memory cell 1116 15 read
by applving 8 voltage across the memory cell 1116 in the first polanity.  In other
embodiments, the memeory cell 1116 is read by applying 8 voliage across the memory
cell 1116 m the second polarity. The memory cell 1116 may always be read with the
same polarity. When the memory cell 1116 is read with a voltage 1 the same voltage
polarity with which the memory cell 1116 was progranimed, the storage element 1115
may exhibit a fivst Ve When the memory cell 1116 is read with a voltage in the
opposite voltage polanity with which the memory cell 1116 was programmed, the
storage element 1115 may exhibit a second V. The different threshold voltages may
bre used to represent different logic states. Additional details on a memory cell having
the architecture as shown and described in refevence to Figare I way be found in U S
Patent Application 14/932 746, which is herein incorporated by reference.

{080} Similar to the selector devige 5325 of memory cell 340 shown in Figure §, the
threshold voltage of the storage element 1115 may be based on the final portion of the
progranuning pulse. In other words, the logic state programmed to the storage element
1115 may be based on the polarity of the final portion of the programming pulse. For
example, a programming pulse may have a first portion and a second portion where the
second portion 18 configured to program a logic siate to the storage element 1115 In
some embodiments, it may be advantageous to apply a programming pulse having a
first portion and a second portion,  For example, the memory cell andfor other
components of the memory array may have greater performance {e.g., higher stability}
tf a first portion of a programming pulse s applied prior fo the second portion. In

another example, the memory array may inclade 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 anddor duration of the first
porbion may be based in part on the material properties of the memory cell andéor other
portions of the memaory.

{081} Figures 12A and 12B are voliage plots 1200A and 1200B of programming
pulses 1205 and 1225 having fust portions and second pertions according t0 an
embodiment of the disclosare.  Programming pualse 1205 of Figure 13A may be
configured 0 program a first logic state to a memory cell, such as memory cell 1116
shown in Figure 11, Programming pulse 1225 of Figere 128 may be configured to
program a second logic state in the memory cell.  In some embodiments, the first
portions 1213 and 1230 may program another type of memory cell, promote stability of
the memory cell, andfor other component of the memory, andfor some other purpose.
For example, the first portions 1215 and 1230 may reduce voltage diift of a component
of the memory to improve stability. In another example, the fisst 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 o the wemaory cell. The
second portions 1220 and 1235 may program a logic state to the memory call.

1082} Referring to Figure 124, the first portion 1125 of programming pulse 1203 may
mchude one or more voltages andfor currents m a first polarity each lasting a particular
period of thme. 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 includes a plurality of pulses. In sorve embodiments the pulse or
the plurality of palses of the first portion 1215 may each include a ramp, staircase, ot
sinusotdal shape, and may have a leading and/or traling edges. The second portion
1220 may include a voltage andfor current in the first pelarity.  The polanty of the
second portion 1220 may be configured 1o program the fust logic state to the memory
cell. The second portion 1220 is shown as a square pulse in Figure 124, but the second
portion 1220 may be other shapes {eg., ramp, staircase, sinusoidal). In some

embodiments, the second portion 1220 mway have leading andéor mailing edges (not



WO 2018/080615 PCT/US2017/046585

shown). The memory cell programmed by programming pulse 1205 may then be read
by a read pulse 1210, which may be gpplied at the first polanity.

1083} Refering to Figure 128, the first portion 1230 of programming pulse 1225 may
tnchude one or more vollages anddfor catrents in g first polarity each lasting a particular
period of time. In some embodiments, the first portion 1230 includes a plarality of
pulses. In some embodiments the pulse or the plurality of pulses of the first portion
1230 may each include a ramp, staircase, or sinusoidal 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 componenis of the memory, In some
embodiments, the first portion 1230 may be the same as the first portion 1215 of
progranmng pulse 1205, In some embodiments, the first portions 1215 and 1230 are
different. The second portion 1235 may nclude a voltage and/or 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 1235 is shown as a square
pulse in Figure 12B, but the second portion 1235 may be other shapes {e.g., ramp,
staircase, smusoidal} anddor may mnclude leading andfor tratling edges (not shown}. ln
some embodiments, secomd 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
progranwned by progranuning pulse 1225 wmay then be read by a read pulse 1240,
which may be applied in the first polatity.  In some embodiments, read pulse 1240 is
the saine as read pulse 1210

{084} Although first portions 1215 and 1230 are shown before second portions 1220
and 1235 i Figures 12A and 12B, in some embodunents, first portions 1215 and 1230
may follow second portions 1220 and 1235, Farthermore, although first portions 1215
and 1230 are shown as having positive polarity 1 Figures 12A and 12B, in some
embodiments, first portions 1215 and 1230 may have negative polarity.  Although not
shown i Figures 12A and 128, in some embodiments, second portions 1220 and 1235
are both preceded and followed by first porfrons 1215 and 12300 Sinularly, although
not shown m Figures 12A and {28, 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 progranuning pulses 1208 and 1225 shown in Figures 124 and 2B may be
used to program a logic state to a storage element of a memory cell; such as storage
element 1115 of memory cell 1116 shown in Figure 11, during 8 programming
operation. The programming pulses may be applied by providing a fust voltage to the
BL and providing a second voltage to the WL, Circuits coupled to access lines to
which memory cells may be coupled may be used to provide the first voltage, for
example, access line drivers included in the decoder civauits 140 and 150 of Figure 2.
The circuits may be controlled by the internal control signals provided by a control
fogic, for example, control logic 110 of Figure 2. In some cmbodiments, the
programuung pulses may be configured by control signals provided by the control logic
110, The resulting voltage applied 1o 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 embodinents.  In some cmbodiments the dwation 18 10ns-50ns. In
some embodiments, the daration s 1-1000s. In some embodiments, the duration 18
Ins-ips. In some embodiments, the first portion of the programuning pulse 15 longer
than the second portion of the progranmming pulse (e.g., 60-100ns and 20ns-50ns). In
some embodiments, the first and second portions have equal durations (e.g., S0ns and
SOns).  In some embodiments, the first portion is shorter than the second portion.
Programniing the memory cell may take more or less time as reading the memory cell
i some ergboditvents.

{086] Cireutts conpled to access hnes to which memory cells may be coupled may be
used to provide the read pulses, for example, access line drivers mcluded in the decoder
circuits 140 and 150 of Figure 2. The circuits may be controlled by the internal control
stgnals provided by a control logic, for example, control logic 110 of Figure 2. A read
pulse may be a voltage Vi applied to the memory cell for a period of time {e.g., 10ns-
0ms, Tus-100us, tas-1us). Although shown gs square pulses o Figures 12A and 12B,
read pulses of other shapes may be implemented.  Other suitable read pulse shapes
include, but are not limited to, trangular, trapezoidal, staircase, andfor sinusoidal. In
some embodiments, read pulses may nchude leading andfor tratling edges.  Although
read pulses 1210 and {240 are shown as having forward polarity, the read pulses 1210

amd 1240 may be implemented m reverse polanity.  In some embodiments, the read
A P 8
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pulses may always be applied with the same polarity {e.g., all read pulses exhibit
forward polarity, all vead pulses exhibit reverse polarity).

187} Although the programing and read pulses shown in Figores 124 and 12B are
plotted and described with respect to voltage, the pulses could be plotied and described
with respect to current and be within the scope of the present disclosure. Voltage and
current are proportionally related, and absent other factors, intreasing of decreasing the
current of g programming andfor read pulse may have a similar effect on the operation
of a memaory device as increasing or decreasing the voltage of a programming or read
pulse in some embodiments.

{088} Figure 13 is a flow chart of a method 1300 for programming 3 memory cell
according 10 an embodiment of the disclosure. For example, the method 1300 may be
used with programming and read pulses shown m Figures 124 and 128, In some
embodiments, the method 1300 may be used by the memory 100 of Figure 2 for
programming logic states, amd the memory cell may be implemented by memory cell
1116 shown in Figare 11 For example, the contrel logic 110 may provide nternal
control signals to vartous circoits in the memory 100 to pecform the method 1300, At
Step 1303, a first portion of a programnsing pulse is applied i & fist polarity, A
magnitude andfor duration of the first portion may be based on properties of the storage
element 1115, another pottion of the memory cell 1116, and/or other portions of the
memory 100, In some embodiments, the first porbion may wuprove stability 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, a second portion of
the programming pulse i3 applied in the first or a second polarity, A polarity of the
second portion may be sclected based on a logic state o be programumed to the storage
element 1115, For example, the first polarity may be applied for a first logic state {e.g.,
07y and the second polarity may be apphed for g second logic state {e.g., ") At Step
1315, a read pulse 15 applied in the first polarity. The read pulse may be applied across
the mamory cell 1110 to determine 3 state of the memory cell 1116, The magnitude of
the read pulse may be based, at least in part, on the threshold voltages of the storage
element 1115 in corresponding logic states. For example, the magnitude of the read

pulse may be above the magnitude of the threshold voliage of the storage element 1115
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i a first logic state and below the magnitude of the threshold voliage of the storage
clement 1115 in a second logic state.

1089] Apparatuses and methods of operation deseribed heremn may utibze applying
currents and/or voltages across memory cells at different polarities fo improve memory
performance in some embodimenis. For example, as described herein, voltage doift in
selector devices may be improved when memory cells are programmed v a first
polarity and read in a second polarity. o some embodiments, the improvement may be
achieved by only changing the polarity of the final portion of the programuing pulse
{e.g.. final 10-50us).  Other advantages may also be achieved. For example, the
distribution of threshold volfages may be reduced by applving a programming 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 n a selector device. The second portion of the programuming pulse may have &
magnitude below a melting temperature of the memory element and above an activation
temperature of the selector device, The second portion of the programming pulse may
have a magnitude to mitigate an electric~-field 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 ivention may be
nsed m any of @ variety of electronic devices including, but not limited to, computing
systems, electronic storage systems, cameras, phones, wireless devices, displays, chip
sets, set top boxes, or ganing systems.,

1091} From the foregoing it will be appreciated that, although specific emwbodinents
of the mvention have been desertbed herein for purposes of ilustration, various
modifications may be made without deviating from the spirit and scope of the

mvention. Accordingly, the invention is not limited except as by the appended clatms.
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CLAIMS

1. An apparatus, comprising:
a memory cell including:
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 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 logic configured to control the first and second access line drivers to:
provide a programming pulse, wherein at least a first portion of the programming pulse is
provided in a first polarity and a second portion of the programming pulse is provided in a second
polarity across the memory cell to program a logic state to the memory element,
provide a read pulse in a first polarity across the memory cell to determine the logic state of

the memory element.

2. The apparatus of claim 1, wherein the first portion has a time duration and a
magnitude configured to program the logic state to the memory element, wherein the magnitude is a

current magnitude or a voltage magnitude.

3. The apparatus of claim 1, wherein the second portion has a time duration and a
magnitude configured to reduce a compositional gradient in the selector device, wherein the

magnitude is a current magnitude or a voltage magnitude.

4. The apparatus of claim 3, wherein the magnitude of the second portion is less than a

programming magnitude of the memory element.

5. The apparatus of claim 3, wherein the compositional gradient of a material in the

selector device is less than 10%.

6. The apparatus of claim 1, wherein the first portion is in the second polarity and the

second portion is in the first polarity.
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7. The apparatus of claim 1, wherein the first portion comprises a plurality of

magnitudes, wherein the magnitudes are current magnitudes or voltage magnitudes.

8. The apparatus of claim 1, wherein the first portion has a duration longer than a

duration of the second portion.

9. The apparatus of claim 1, wherein the first portion has a magnitude greater than a
magnitude of the second portion, wherein the magnitude is a current magnitude or a voltage

magnitude.

10. The apparatus of claim 1, wherein the memory element comprises a phase change
material and the programming pulse is configured by the control logic to change a phase of at least a

portion of the phase change material.

11. The apparatus of claim 1, wherein the selector device comprises a chalcogenide

material.

12. The apparatus of claim 1, further comprising a memory array including a plurality of
memory cells and a plurality of memory access lines coupled to at least some of the plurality of
memory cells, wherein the memory cell is one of the plurality of memory cells and the first and
second memory access lines are each one of the plurality of memory access lines, wherein the

memory array is a two-dimensional array (2D) or a three-dimensional (3D) array.

13. The apparatus of claim 12, wherein the memory array includes a decoder coupled to
the control logic and at least some of the plurality of memory access lines, wherein the decoder is

symmetrical.

14. The apparatus of claim 12, wherein the memory array includes a decoder coupled to
the control logic and at least some of the plurality of memory access lines, wherein the decoder is

asymmetrical.

15. An apparatus, comprising:
a memory cell including a storage element;
a first memory access line coupled to the memory cell;

a second memory access line coupled to the memory cell;
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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 logic configured to control the first and second access line drivers to:

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

provide a read pulse in a first polarity across the memory cell to determine the logic state of
the memory cell, and

wherein the first portion includes at least one of a ramp, a staircase, and a plurality of pulses.

16. The apparatus of claim 15, wherein the first portion and the second portion of the

programming pulse are in the first polarity.

17. The apparatus of claim 15, wherein the first portion is in the first polarity and the

second portion in a second polarity.

18. The apparatus of claim 15, wherein the logic state programmed to the storage element

is based on a polarity of the second portion of the programming pulse.

19. The apparatus of claim 18, wherein a first logic state is programmed to the storage
element when the second portion is in the first polarity and a second logic state is programmed to the

storage element when the second portion is in a second polarity.

20. A method comprising:

applying a programming pulse across a memory cell, wherein first and second portions of the
programming pulse are applied in first and second polarities across the memory cell, and wherein the
programming pulse is configured to program a logic state to a memory element of the memory cell;
and

applying a read pulse across the memory cell in a second polarity, wherein the read pulse is
configured to determine the logic state of the memory element,

wherein the logic state programmed to the memory element is based, at least in part, on a
magnitude of the programming pulse, wherein the magnitude is a current magnitude or a voltage
magnitude, and

wherein the programming pulse is configured to melt at least a portion of the memory

element.
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21. The method of claim 20, wherein a first logic state is programmed to the memory
element when at least one of the first and second portions of the programming pulse has a first
magnitude and a second logic state is programmed to the memory element when the at least one of the

first and second portions of the programming pulse has a second magnitude.

22. The method of claim 20, wherein the logic state programmed to the memory element

is based, at least in part, on a time duration of the programming pulse.

23. The method of claim 20, wherein the memory cell has a first threshold voltage
corresponding to a first logic state and a second threshold voltage corresponding to a second logic
state, wherein a voltage magnitude of the read pulse is configured to be between the first threshold

voltage and the second threshold voltage.

24. A method comprising:

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

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

applying a read pulse in the first polarity across the memory cell wherein the read pulse is
configured to determine a logic state of the memory cell,

wherein the first portion of the programming pulse is configured to program a logic state to a
memory element of the memory cell, and

wherein a magnitude and a time duration of the second portion is based, at least in part, on a

material of at least one of a memory element and a material of a selector device of the memory cell.

25. A method comprising:

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

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

applying a read pulse in the first polarity across the memory cell wherein the read pulse is
configured to determine a logic state of the memory cell,

wherein the first portion of the programming pulse is configured to program a logic state to a
memory element of the memory cell,

wherein the second portion of the programming pulse has a magnitude to provide a

temperature below a melting temperature of a memory element of the memory cell and above a
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threshold voltage of a selector device of the memory cell, wherein the magnitude is a current

magnitude or a voltage magnitude.

26. The method of claim 24, wherein the first portion includes a plurality of magnitudes

each having a corresponding time duration.

27. The method of claim 24, wherein the first portion of the programming 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 to a storage element

of the memory cell.

28. The method of claim 27, wherein the first polarity and the second polarity are a same

polarity.



