[001]

[002]

[003]

APPARATUSES AND METHODSINCLUDING MEMORY AND OPERATION
OF SAME

BACKGROUND

Traditional memory cells include a memory elemevtijch is used to store a
logic state, and a selector device. The memomnete and selector device may be
located at a cross-point of a first signal lingg(eword line) and a second signal line
(e.g., bit line) in a memory array having a croegiparchitecture. The selector may be
coupled to the word line and the memory element tmaycoupled to the bit line in
some architectures. The selector device may redie@eage currents and allow
selection of a single memory element for readin @ad/or writing data. However,
the use of separate memory elements and selectiredeincreases the number of
materials and/or layers that must be formed dufatgication of the memory device,
thus increasing the complexity of the structure &amukication process. Moreover,
activating the selector device and writing or regdihe memory element may require
high voltage and/or long duration pulses to be @&y, which may increase power

consumption of the memory device.

SUMMARY

An example apparatus according to an embodimenthefdisclosure may
include a memory cell that may be configured taesta logic state, a first memory
access line coupled to the memory cell, and a skowmory access line coupled to the
memory cell, wherein the first and second memoess lines may be configured to
provide a first voltage having a first polarity ass the memory cell to write a first
logic state to the memory cell and the first andose memory access lines may be
further configured to provide a second voltage hgva second polarity across the
memory cell to write a second logic state to thenmwey cell.

Another example apparatus according to an embodiofethe disclosure may
include a memory cell that may be configured toilexla first threshold voltage when
in a first logic state and a second threshold geltathen in a second logic state
responsive to a read operation, wherein the memelilynay be configured to act as a

memory element and a selector device, a first mgnagocess line coupled to the



shown in Figure 1, WL 105 extends parallel to taggand BL 125 extends into the
page. A memory cell 115 may be located at angetgion of the WL 105 and the BL
125. The memory cell 115 may be coupled to WL b9 first electrode 110 and
coupled to BL 125 by a second electrode 120. Thenany cell 115 may include a
layer of phase change material. In some embodsném chalcogenide may be phase
change material. In some embodiments, the memdtyltb may include a ternary
composition that may include selenium (Se), arséag), and germanium (Ge). In
some embodiments, the memory cell 115 may includeisernary composition that
may include silicon (Si), Se, As, and Ge. Othertenals may also be used. The
memory cell 115 may act as both a selector devideaamemory element.

[025] The memory cell 115 may be written to store onatdéast two different logic
states (e.g., ‘1, ‘0’) by a write operation. Inonse embodiments, the different logic
states may be represented by different threshdtdges (M) of the memory cell 115.
For example, a ‘1’ logic state may be representea first Vry and a ‘0’ logic state
may be represented by a secong,.V The threshold voltage the memory cell 115
exhibits may be based on a polarity of a write @wdpplied to the memory cell 115
during a write operation and a polarity of a reatkp applied to the memory cell 115
during a read operation. The write pulse and pdse may be applied to the memory
cell 115 using the first and second access linésah@ 125.

[026] The memory cell 115 may be configured as a two-tahdevice between the
BL 125 and WL 105 in some embodiments. A firstitogtate may be written to the
memory cell 115 by applying a voltage (e.g., aevptlse) across the memory cell 115
in a first polarity. A second logic state may betten to the memory cell 115 by
applying a voltage (e.g., a write pulse) acrosstieenory cell 115 in a second polarity,
which may be opposite to the first polarity. Themory cell 115 is read by applying a
voltage (e.g., a read pulse) across the terminkissome embodiments, the memory
cell 115 is read by applying a voltage across tieenory cell 115 in the first polarity.
In other embodiments, the memory cell 115 is repdyiplying a voltage across the
memory cell 115 in the second polarity. The meneaty 115 may always be read with
the same polarity. When the memory cell 115 isiredéth a voltage in the same
voltage polarity with which the memory cell 115 wastten, the memory cell 115 may
exhibit a first Viy. When the memory cell 115 is read with a voltagéhe opposite



[032] As shown in Figure 3B, when the memory cell in &tat read by a read pulse
(Read) in the opposite polarity having a voltage witlmagnitude equal to or greater
than Viyo, the memory cell may be rewritten to StatEhe memory cell will exhibit
V11 during a subsequent read (RgadThat is, when the read pulse has a voltage
greater than or equal tor\o of a memory cell previously written in the oppesit
polarity as the read pulse, the read may be desteuior cells in Statge After a first
read pulse, the memory cell may be rewritten ttoresthe logic state of the memory
cell for a future read operation.

[033] Figure 3C is a voltage plot 300C of threshold \gdt® of a memory cell in
Statg according to an embodiment of the disclosure. ure@d@C illustrates two read
pulses applied to the memory cell in Sgaté first read pulse Readnay be applied to
the memory cell. The memory cell may have beeftawrito with a write pulse in the
opposite polarity as the polarity of RgadRead may have a voltage less than the
threshold voltage of the memory cell in SgatdVhen Reagdis applied, the memory
cell exhibits threshold voltage Mo, corresponding to State However, the memory
cell does not threshold. A second read pulse Reay be applied to the memory cell.
Read has the same polarity as Reallvhen Reaglis applied, the memory cell exhibits
threshold voltage Mio, corresponding to Stateand similar to when Readvas
applied, the memory cell does not threshold.

[034] As shown in Figure 3C, when the memory cell in &tet read by a read pulse
(Read) in the opposite polarity having a voltage witimagnitude less thant\, the
memory cell may maintain StgteThe memory cell may continue to exhibitd
during a subsequent read pulse (e.g., Reabhat is, when the read pulse has a voltage
less than Vo, the read pulse may not modify the logic statéhefcell. As shown in
Figure 3C, the magnitude of the read pulses Raad Reaglmay be selected to be
between threshold voltages and Viy;.

[035] As shown in Figures 3A-C, a read pulse may or n@yaffect the logic state of
a memory cell, based at least in part, on the ntad@iof the voltage of the read pulse
and the logic state of the memory cell. A voltagagnitude of the read pulse may be
selected based on the desired effect of the relsé pan the memory cell (e.g., less than

V1yo for non-destructive read, greater thamy/for destructive read).
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materials may be used. In some embodiments, thetsedevice 915 may also include
a layer of chalcogenide material. Other matemady also be used.

[059] In an alternative embodiment of the disclosure, ghatocols for reading and
writing a memory cell with different voltage polaes as described in reference to
Figures 4-8 may be applied to a selector device mathory element of a memory
array, for example, selector device 915 and menetagnent 925 shown in Figure 9.
Similar to memory cell 115 illustrated in Figure the selector device and memory
element may be written to two or more logic statggesented by different threshold
voltages as shown in Figure 2. The threshold geltaffects of the different read and
write polarities may be additive across the seledéwice and the memory element. As
shown in the voltage plot of Figure 10, a differedetween the threshold voltages of
different logic states for the selector device ameimory element may be greater than
the difference between threshold voltages of diffierogic states of a memory cell.
That is, [Mro-V1H1|<|VrHo+n-VTH| Where Mo+ is the voltage Vo summed with the
additional difference in magnitude between threshadltages of the different logic
states due to the additive effect of the selectoia® and memory element. This larger
difference between threshold voltages may providevider margin for detecting
different logic states. Although States shown in Figure 10 as having the same
threshold voltage M;; for both the memory cell and the selector devicé memory
element, the threshold voltage for Stdta the memory cell may be different from the
threshold voltage for Stateof the selector device and memory element in some
embodiments.

[060] Figure 11 illustrates a memory 1100 according toeambodiment of the
disclosure. The memory 1100 includes a memoryyatrB60 with a plurality of
memory cells that are configured to store datae mMemory cells may be accessed in
the array through the use of various signal limexd lines (WLs) and bit lines (BLS).
The memory cells may be non-volatile memory cedlig;h as phase change memory
cells, or may generally be any type of memory cellfie memory cells may be single
level cells configured to store data for one bidata. The memory cells may also be
multi-level cells configured to store data for mtinan one bit of data.

[061] Commands, address information, and write data mayptovided to the
memory 1100 as sets of sequential input/output) (tf@nsmitted through an 1/O bus
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1128. Similarly, read data may be provided fromittemory 1100 through the I/O bus
1128. A data strobe signal DQS may be transmitteslugh a data strobe bus 1130.
The DQS signal may be used to provide timing infation for the transfer of data to
the memory or from the memory. The I/O bus 1128asnected to an I/O control
circuit 1120 that routes data signals, addressrnmftion signals, and other signals
between the 1/0 bus 1128 and an internal data b@8,Jan internal address bus 1124,
and an internal command bus 1126. An addressteedi$25 may be provided address
information by the 1/0 control circuit 1120 to bemporarily stored. The I/O control
circuit 1120 is coupled to a status register 1118bugh a status register bus 1132.
Status bits stored by the status register 1134 lmgyrovided by the I/O control circuit
1120 responsive to a read status command provaéaetmemory 1100. The status
bits may have respective values to indicate a stadvadition of various aspects of the
memory and its operation.

[062] The memory 1100 also includes a control logic 1t receives a number of
control signals either externally (e.g., CE#, CIALE, CLK, W/R#, and WP#) or
through the command bus 1126 to control the omeratf the memory 1100. A
command register 1136 is coupled to the internahroand bus 1126 to store
information received by the I/O control circuit Land provide the information to the
control logic 1110. The control logic 1110 maythar access a status register 1134
through the status register bus 1132, for exantplejpdate the status bits as status
conditions change. The control logic 1110 is fartboupled to a ready/busy circuit
1138 to control a value (e.g., logic value) of ad@busy signal R/B# that may be
provided by the memory 1100 to indicate whethemtienory is ready for an operation
or is busy. The control logic 1110 may be confeguito provide internal control
signals to various circuits of the memory 1100.r &mample, responsive to receiving a
memory access command (e.g., read, write, progrém),control logic 1110 may
provide internal control signals to control variauemory access circuits to perform a
memory access operation. The various memory acuessgts are used during the
memory access operation, and may generally inatirdaits such as row and column
decoders, signal line drivers, data 1180 and cesfiisters 1170, 1/O circuits, as well as

others.
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[063] The address register 1125 provides block-row addsgmals to a row decoder
1140 and column address signals to a column decdds®. The row decoder 1140
and column decoder 1150 may be used to select dlocknemory cells for memory
operations, for example, read, program, and erpseabons. The row decoder 1140
and/or the column decoder 1150 may include onearersignal line drivers configured
to provide a biasing signal to one or more of tigea lines in the memory array 1160.

[064] In some embodiments, during a write operation omemory cell of the
memory array 1160, a first voltage (e.g., 0V) maypbovided to a selected word line
and a second voltage may be provided to a seléitéide. The memory cell may be
at the intersection of the selected word line andite. The second voltage may be
higher or lower than the voltage provided to thedMme, based on the logic state to be
stored at the address corresponding to the selecied line and bit line (e.g., -6V for
‘1’ and +6V for ‘0’). In some embodiments, duriagwrite operation, the selected bit
line may always be provided a specific voltage, greword line may be provided a
voltage higher or lower than the voltage of thelioie, based on the logic state to be
stored at the address.

[065] In some embodiments, during a read operation oeraary cell, a first voltage
(e.g., OV) may be provided to a selected word Ane a second voltage (e.g., -5V,
+5V) may be provided to a selected bit line. Thermoey cell may be at the intersection
of the selected word line and bit line. The secwolage may be greater than or less
than the first voltage provided to the word lin@wever, the second voltage may
provide the same voltage polarity for every rea@rapon. The logic state of the
memory cell may be sensed by a sense amplifierledup the selected bit line. The
sensed logic state of the memory cell may be pealid the data register 180.

[066] Figure 12 is a diagram illustrating a portion ofamay 1200 of memory cells
according to an embodiment of the disclosure. ahmy 1200 may be used to
implement the memory array 1160 of Figure 11 in s@mbodiments. In the example
illustrated in Figure 12, the array 1200 is a cipssit array including a first number of
conductive lines 1230-0, 1230-1, . . ., 1230-N,,access lines, which may be referred
to herein as word lines, and a second number adwdive lines 1220-0, 1220-1, . . .,
1220-M, e.g., access lines, which may be refewdtktein as bit lines. A memory cell
1225 is located at each of the intersections ofwbed lines 1230-0, 1230-1, . . .,
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CLAIMS

What is claimed is:

1. An apparatus, comprising:

a memory cell configured to store a logic state;

a first memory access line coupled to the memoilty axed

a second memory access line coupled to the menediry ¢

wherein the first and second memory access linecanfigured to provide a
first voltage having a first polarity across themuey cell to write a first logic state to
the memory cell and provide a second voltage hagirngecond polarity across the

memory cell to write a second logic state to thenmey cell.

2. The apparatus of claim 1, wherein, during adreperation on the
memory cell, the memory cell exhibits a first threlsl voltage representative of the
first logic state responsive to the first voltageimg the first polarity provided to write
to the memory cell,

or the memory cell exhibits a second thresholdagstrepresentative of the
second logic state responsive to the second vohiagieg the second polarity provided

to write to the memory cell.

3. The apparatus of claim 1, wherein the memory cemprises a

chalcogenide material.

4. The apparatus of claim 3, wherein the chalcafgemnaterial is not a

phase change material.

5. The apparatus of claim 1, wherein the memory a@hprises at least

one of silicon (Si), selenium (Se), arsenic (As)d germanium (Ge).

6. The apparatus of claim 1, wherein the memory ised two-terminal

threshold switching device.
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7. The apparatus of claim 1, wherein the memorlycoghprises a selector
device coupled to the first memory access line amdemory element coupled to the

selector device and the second memory access line.

8. The apparatus of claim 1, wherein the first mgmaccess line is
configured to provide a negative voltage and theosd memory access line is
configured to provide a positive voltage to provithe first voltage having the first
polarity.

9. The apparatus of claim 1, wherein the first mgmaccess line is
configured to provide a first non-negative voltagel the second memory access line is
configured to provide a second non-negative voltagerovide the first voltage having
the first polarity, wherein the second non-negatigktage is greater than the first non-

negative voltage.

10. An apparatus, comprising:

a memory cell configured to exhibit a first threkheoltage when in a first
logic state and a second threshold voltage whensecond logic state responsive to a
read operation, wherein the memory cell is furtbenfigured to act as a memory
element and a selector device;

a first memory access line coupled to the memolty aed

a second memory access line coupled to the menediry c

wherein the first and second memory access line<anfigured to provide a

read pulse during the read operation, the reacedsing a first polarity.

11.  The apparatus of claim 10, wherein the firgt asacond memory access
lines are further configured to provide a writegauhaving the first polarity or a second

polarity during a write operation.

12.  The apparatus of claim 11, wherein the firstmoe access line is

configured to provide a negative voltage and theosé memory access line is
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configured to provide a positive voltage to provitke write pulse having the first

polarity.

13.  The apparatus of claim 11, wherein the firstmoey access line is
configured to provide a first non-negative voltagel the second memory access line is
configured to provide a second non-negative voltagerovide the write pulse having
the first polarity, wherein the second non-negatigtage is greater than the first non-

negative voltage.

14.  The apparatus of claim 11, wherein the memell exhibits the first
threshold voltage responsive to the read operatioen the write pulse having the first
polarity was provided during the write operatiordaime memory cell exhibits the
second threshold voltage responsive to the reathtipe when the write pulse having

the second polarity was provided during the writeration.

15. The apparatus of claim 10, further comprisimgeamory array including
a plurality of memory cells and a plurality of memaccess lines coupled to at least
some of the plurality of memory cells,

wherein the memory cell is one of the pluralityroémory cells and the first
and second memory access lines are each one plutiadity of memory access lines.

16. The apparatus of claim 15, wherein the memargyais a two-

dimensional array.

17.  The apparatus of claim 15, wherein the memonayais a three-

dimensional array.

18. The apparatus of claim 10, further comprising:

a first electrode coupled between the memory cull the first memory access
line; and

a second electrode coupled between the memoryacdlithe second memory

access line.



