APPARATUSES AND METHODS INCLUDING MEMORY AND OPERATION
OF SAME

BACKGROUND

[001] Traditional memory cells include a memory element, which is used to store a
logic state, and a selector device. The memory element and selector device may be
located at a cross-point of a first signal line (e.g., word line) and a second signal line
(e.g., bit line) in a memory array having a cross-point architecture. The selector may be
coupled to the word line and the memory element may be coupled to the bit line in
some architectures. The selector device may reduce leakage currents and allow
selection of a single memory element for reading data and/or writing data. However,
the use of separate memory elements and selector devices increases the number of
materials and/or layers that must be formed during fabrication of the memory device,
thus increasing the complexity of the structure and fabrication process. Moreover,
activating the selector device and writing or reading the memory element may require
high voltage and/or long duration pulses to be provided, which may increase power

consumption of the memory device.

SUMMARY

[002] An example apparatus according to an embodiment of the disclosure may
include a memory cell that may be configured to store a logic state, a first memory
access line coupled to the memory cell, and a second memory access line coupled to the
memory cell, wherein the first and second memory access lines may be configured to
provide a first voltage having a first polarity across the memory cell to write a first
logic state to the memory cell and the first and second memory access lines may be
further configured to provide a second voltage having a second polarity across the
memory cell to write a second logic state to the memory cell.

[003] Another example apparatus according to an embodiment of the disclosure may
include a memory cell that may be configured to exhibit a first threshold voltage when
in a first logic state and a second threshold voltage when in a second logic state
responsive to a read operation, wherein the memory cell may be configured to act as a

memory element and a selector device, a first memory access line coupled to the
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raeraory cell, and 3 second menory access line coupled to the memory cell, wherein the
first and second memory access lines may be configured fo provide a read pulse during
the read operation, the read pulse baving a first polarity.

10841 An example method according to an embodiment of the disclosure may include
applying a read pulse having a first polarity to 8 memory cell, wherein a fust or a
second logic state may be written to the memory cell, wherein the first logic state may
be writien responsive to a wrile pulse having the first polarity and the second logic state
raay be writien responsive to the write pulse having a second polarity; sensing a current
through the memory cell responsive 1o the read pulse; and deternuning the memory cell
is it the first or second fogic state, based on the corrent through the memory cell.

10851 Another cxample method according o an embodiment of the disclosure may
nclude applying a first read pulse having a fivst polanty to a memory cell, wherem the
memory cell may have been programmed to 2 logic state with a write pulse having the
first polarity or a second polarity; sensing a first threshold voltage of the memory cell
responsive to the first read pulse; applying a second read pulse having the first polarnity
to the memory cell; sensing a second threshold voltage of the memory cell responsive
to the sccond read pilse; calenlating a difference between the first threshold voltage
and the second threshold voltage; and deternuning the logic state of the memory echi,
wherein the logic state 18 deternuned to be a first state when the difference is below a
threshold value and the logie staie is determined o be a sccond state when the

difference s above the threshold value.

BRIEF DESCRIPTION OF THE DRAWINGS

{086} FIG. 1 15 an illustration of a portion of a memory amray agcording to an

embodiment of the disclosure.

{0467} FI1G. 2 15 a voltage plot of threshold voltages according to an combodiment of the
diselosure.
j008] F¥5. 3A is a voltage plot of threshold veoltages and read pulse voltages

according to an embodiment of the disclosure.
{089} FHG. 3B 13 a voliage plot of thweshold voltages and read pulse voltages

according fo an embodiment of the disclosure.
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{618} FIG. 3C 1s a voltage plot of threshold voltages and rcad pulse voltages
according fo an embodiment of the disclosure.

jO11} Fi(z. 4 15 a voltage plot of write pudse voltages according to an embodiment of
the disclosure.

{013 FIG. 5 is a flow chart of a method according to an cmbodiment of the
disclosare.

{613} FIG. 6 is a flow chart of a method according to an cmbodiment of the
disclosure.

{014} FIG. 7 15 a voliage plot of read pulse voliages according to an embodiment of

the disclosuare.

1015} FiG. § is a flow chart of a method according to an embodiment of the
disclosure.

{018} FIG. 9 1s an tdhustration of a portion of a phase change memory array.

{017} FIG. 10 is a voltage plot of threshold voltages according to an embodiment of

the disclosure.

{018} FIG. 11 s a block diagram of a memory according an embodiment of the
diselosure.
1019} FIG. 12 s a schematic illusiration of a portion of a memory array according to

an erbodiment of the disclosure.
{028} FIG. 13 15 a schematie tfhustration of a pottion of a memory array according to

an embodiment of the discloswre.

DETAILED DESCRIPTION

{021} Certain details are set forth below to provide a sufficient wnderstanding of
embodimenis of the invention. However, it will be clear to one skilled in the art that
cmbodiments of the invention may be practiced without these particular details.
Moreover, the particular embodiments of the presemt mvention described herein are
provided by way of example and should not be used to it the scope of the invention
to these particular cmbodiments.  In other instances, well-known circuits, control
signals, tinung protocols, and software operations have not been shown in detml in

order to avoid wmecessarily obscuring the invention.
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{622} A memory array may be implemented that utilizes a memory ccll that exhibits
certain threshold voltage propertics. By exhubit certain threshold voltage properties, it
i meant that the memory cell may bhave or may appear to have a particular threshold
voltage.  The memory cell may or may not oxpericnce a threshold event when
exhibiting the certain threshold voltage properties.  The threshold voltage exhibited by
the memory cell may depend on the relative voltage polarities of read and write pulacs
applicd across the celll For example, the memory cell may oxhibit a first threshold
voltage when read if the momory cell was writien to and then read with the same
voliage polarity. The memory cell nay exlubit a second threshold voltage when read if
the memory cell was written to and then read with different {e.g., opposite) voltage
polarities. The threshold voltage propertics of the memory cell may allow the memory
cell to act as a selector device and a memory element. The memory cell may mclude a
single layer of material between electrodes in some embodiments. Such a memory eeft
structure may facilitate a stroplified architectore for a cross-point memory array and/or
other memory architectures.  The smplified architechwe may require fewer layers,
which may reduce processing steps during manufaciure.

{623} A logic state may be writien to the memory celf, which may comrespond o one
or more bits of data. The memory cell may be wriiten to by applving voltages of
different polaritics.  The memory cell may be read by applving voltages of a single
polarity. The writing and reading protocols may fake advantage of different threshold
voltages of the memory cell that result from the different polaritics. The memory cell
reay roquire short, relatively low power pulses fo read and write.  In some
cmbodiments, the memory cell may include a chaleogenide material. However, the
chalcogenide material may or may not undergo a phase change during reading and/or
writing. In some embodiments, the chalcogenide material may not be a phase change
material. The memory cell may have less thermal disturb compared 1o traditional phase
change memory architectures.

{624} Figure | iz an illusiration of a portion of a memory array 100 according to an
cmbodiment of the disclosure. The memory array 100 may include a first access line
105 and a second access line 125, For case of reference, the first access line may be
referred to as a word fne (WL} and the second access bne may be referred to as a bt

fme (BL)Y 125, As shown in Figare 1, the WL 105 is porpendicular to the BL 125, Ag



shown in Figure 1, WL 105 extends parallel to the page and BL 125 extends into the
page. A memory cell 115 may be located at an intersection of the WL 105 and the BL
125. The memory cell 115 may be coupled to WL 105 by a first electrode 110 and
coupled to BL 125 by a second electrode 120. The memory cell 115 may include a
layer of phase change material. In some embodiments, the chalcogenide may be phase
change material. In some embodiments, the memory cell 115 may include a ternary
composition that may include selenium (Se), arsenic (As), and germanium (Ge). In
some embodiments, the memory cell 115 may include a quaternary composition that
may include silicon (Si), Se, As, and Ge. Other materials may also be used. The
memory cell 115 may act as both a selector device and a memory element.

[025] The memory cell 115 may be written to store one of at least two different logic
states (e.g., ‘1, ‘0”) by a write operation. In some embodiments, the different logic
states may be represented by different threshold voltages (V1y) of the memory cell 115.
For example, a ‘1’ logic state may be represented by a first Vry and a ‘0’ logic state
may be represented by a second Vry. The threshold voltage the memory cell 115
exhibits may be based on a polarity of a write pulse applied to the memory cell 115
during a write operation and a polarity of a read pulse applied to the memory cell 115
during a read operation. The write pulse and read pulse may be applied to the memory
cell 115 using the first and second access lines 105 and 125.

[026] The memory cell 115 may be configured as a two-terminal device between the
BL 125 and WL 105 in some embodiments. A first logic state may be written to the
memory cell 115 by applying a voltage (e.g., a write pulse) across the memory cell 115
in a first polarity. A second logic state may be written to the memory cell 115 by
applying a voltage (e.g., a write pulse) across the memory cell 115 in a second polarity,
which may be opposite to the first polarity. The memory cell 115 is read by applying a
voltage (e.g., a read pulse) across the terminals. In some embodiments, the memory
cell 115 is read by applying a voltage across the memory cell 115 in the first polarity.
In other embodiments, the memory cell 115 is read by applying a voltage across the
memory cell 115 in the second polarity. The memory cell 115 may always be read with
the same polarity. When the memory cell 115 is read with a voltage in the same
voltage polarity with which the memory cell 115 was written, the memory cell 115 may

exhibit a first V. When the memory cell 115 is read with a voltage in the opposite



WO 2017/078988 PCT/US2016/058714

5
H

voltage polartty with which the memory cell 115 was written, the memory cell nay
exhibyt a second Ven.  The different threshold voltages may be used to represent
different logic states.

10271 When the memory cell 113 is a two-terminal device, the relative values of the
voltages between the terminals determines the magnitade and the polarity of the voliage
applied across the memory cell 113, For example, providing a voltage of 3V 1o the BL
125 and OV to WL 105 resolis in the same magnitude and polarity of voltage as
providing a voltage of 6V at BL 125 and 3V at WL 105, Other non-negative {c.g., OV
of greater), negative, and/or positive voltages may be provided 1o the memory access
ines in some embodiments. As used heremn, forward polanty indicates that the BL 123
i3 set at a higher voltage than the WL 105 and reverse polarity indicates that the BL 123

rad
£
H

is set at a lower voltage than the WL 103, However, the use of “forward” and
“reverse” polaritics i3 by way of example, and the embodiments of the vention are not
fimited to those of the particalar polarity direction described herein.

{628} Figure 2 is a voltage plot 200 of threshold voltages Vi, Ve for two logic
states Siate;, Statee of a memory cell according o an embodiment of the disclosure.
The threshold voltages of the memory cell are the threshold voltages observed when the
memory cell is read. The memory cell may be read using a read voltage in the same
polarity each time it is read, for example, in forward polanity. Von may be observed in
the memory cell when the memory cell was written o i the same polarity as the read
voltage. This may correspond to logic State;. For example, the memory cell may have
been written to in a forward polarity and is then read n forward polanty. Conversely,
Ve may be observed in the memory cell when the memory cell was written to in the
opposite polarity as the read voltage. For example, the memory cell may have been
written to in a reverse polarity and is then read in a forward polarity. As illustrated by
Figure 2, m some embodiments, different threshold voltages may be observed for the
memory cell written and read in opposite polarities in comparison o the memory cell
written and read in the same polarity.

{625} Figures 3A-C are voltage plots of threshold voltages of memory cells when read
by read pulses according to embodiments of the disclosare. In some embodiments, the
memoty cells roay be implemented using the memory cell 115 lustrated in Figwre 1.

A read pulse may be a voltage applicd to the roemory cell fir a poriod of time (e.g.,
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100s-50ns). The read pulse may be applied by providing a first voltage to a bit line and
providing a sccond voltage o a corresponding word hine.  In some embodiments, the
read puises may always be applied with the same polarity (2., all read pulses exhibi
forward polarity, all read pulses exhibit reverse polarity).

1036} Figure 34 is a voltage plot 300A of threshold voliages of a memory cell in
State, accordmg to an embodiment of the disclosure. Figuare 3A illustrates two read
pulses apphied to the memory celf in State;. A first read pulse Read, may be applied to
the memory cell. The memory cell may have been written to with a write pulse that has
the same polanity as the polanity of Read:. Readi may have a voltage greater than the
threshold voltage of the memory cell in State,. When Ready is applied, the nenory
cell exhibits threshold voltage Vi, corresponding to Sfate,. A second read pulse
Read, may be applied to the memory cell. Read; has the same polarity as Read,.
When Read: 1s apphied, the memory cell exbubits threshold voltage Vg, corresponding
to State;.  The memory cell i State; may exhubit the threshold voltage Vi
independent of the munber of times i is read when the read pulse has the same polanity
as the polarity 1 which the memory cell was writien {(e.g., written in forward polarity,
read i forward polarity or written i reverse polanity, read in reverse polarity. That s,
reading a memory cell in Statey may not be destructive, even if the magnitude of the
read pulse exceeds the threshold voltage V. Similarly, although vot shown in Figure
3A, when the magaitade of Read: and/or Read; s higher than Vo bwt lower than
Vs, the memory cell exhibit threshold voltage Vi for cach read pulse.

{631} Figure 3B 15 a voliage plot 3008 of threshold voliages of a memory cell m
Statee according to an emsbodiment of the disclosure. Figure 3B illusirates two read
pulses applied to the memory cell in States. A first read pulse Read; may be applied to
the memory cell. The memory cell may have been written o with a wrile pulse that has
the opposite polarity as the polanity of Read; {c.g., written in reverse polarity, read in
forward polarity or written 8 forward polarity, read in reverse polarity). Ready may
have a voltage greater than the threshold voltage of the memory cell in Statep. When
Read: is applied, the morory ccll exhubus threshold voltage Vyme, corresponding to
Stateo. A sceond read pulse Read: may be applicd o the memory cell subsequent to
read pulse Read;. Read: has the same polarity as Read;. When Read; is applied, the

memory cell extubiis threshold voltage Vi, corresponding to State;.
o parl 3 =



[032] As shown in Figure 3B, when the memory cell in State, is read by a read pulse
(Read,) in the opposite polarity having a voltage with a magnitude equal to or greater
than Vrpo, the memory cell may be rewritten to State;. The memory cell will exhibit
Vi during a subsequent read (Read;). That is, when the read pulse has a voltage
greater than or equal to Vry of a memory cell previously written in the opposite
polarity as the read pulse, the read may be destructive for cells in State,. After a first
read pulse, the memory cell may be rewritten to restore the logic state of the memory
cell for a future read operation.

[033] Figure 3C is a voltage plot 300C of threshold voltages of a memory cell in
Statey according to an embodiment of the disclosure. Figure 3C illustrates two read
pulses applied to the memory cell in Statey. A first read pulse Read; may be applied to
the memory cell. The memory cell may have been written to with a write pulse in the
opposite polarity as the polarity of Read;. Read; may have a voltage less than the
threshold voltage of the memory cell in Statep. When Read,; is applied, the memory
cell exhibits threshold voltage Vrmo, corresponding to Statey. However, the memory
cell does not threshold. A second read pulse Read, may be applied to the memory cell.
Read, has the same polarity as Read;. When Read, is applied, the memory cell exhibits
threshold voltage Vrmo, corresponding to Statep, and similar to when Read; was
applied, the memory cell does not threshold.

[034] As shown in Figure 3C, when the memory cell in State, is read by a read pulse
(Read)) in the opposite polarity having a voltage with a magnitude less than Vry, the
memory cell may maintain Statey. The memory cell may continue to exhibit Vo
during a subsequent read pulse (e.g., Read,). That is, when the read pulse has a voltage
less than Vg, the read pulse may not modify the logic state of the cell. As shown in
Figure 3C, the magnitude of the read pulses Read; and Read, may be selected to be
between threshold voltages Vryo and Vy;.

[035] As shown in Figures 3A-C, a read pulse may or may not affect the logic state of
a memory cell, based at least in part, on the magnitude of the voltage of the read pulse
and the logic state of the memory cell. A voltage magnitude of the read pulse may be
selected based on the desired effect of the read pulse on the memory cell (e.g., less than

Vo for non-destructive read, greater than Vo for destructive read).
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{636} Figure 4 15 a voliage plot 400 of two write pulscs 405, 410 according to an
embodiument of the disclosure. The write pulses 408, 410 may be used to write 3 logic
state to a memory cell, such as memory cell 115 shown in Figure 1, during a write
operation. The write pulses may be applied by providing a first voltage to the BL and
providing a second voltage to the WL, The resulung voltage applied 1o the memory
cell 15 the difference between the first and second voltages. The write palses may be
the same duration as read pulses. In some crmbodiments the duration s 10ns-50ns. In
some ershodiments, the duration s 1-100ns.  In some embodiments, the duration is
tns-1ps. Writing 1o the nieniory cell may take the same time as reading the memory
cell in some embodiments.  Although shown as square pulses in Figure 4, write pulses
of other shapes may be inmplersented. Other suitable write pulse shapes include, but are
not Hroited to, triangular, trapezoidal, and/or sinusoidal. In some embodiments, write
pulses may include leading and/or wratling edges.

{037} fn contrast o the read pulses described i reference to Figures 3A-C, the
polarity of the write pulses may be either a first polarity or a second polanity {e.g.,
forward or reverse). Write pulse 405 may apply a voltage Vun to a memory cell in a
first polarity (e.g, bit line at 6V and word hoe at 0V} The polarity of the write pulse
405 may be the same as the polarity of read pulses. This may write a first logic state
{State) to the ywemory cell. As shown in Figure 2, when write pulse 405 writes State,
io the memory cell, the memory cell exhibits threshold voltage Vo when read.

{638} Write palse 410 may apply a voltage Ve to the memory cell in 2 sccond
polarity {e.g., bit hine at -6V and word live at 0V or bit hine at OV and word ling at 6V).
Write pulse 410 may have the opposite polarity of write pulse 405 and read pulses,
such as the read pulses tllustrated in Figures 3A-C. Write pulse 410 may write a
sccond logic state {Stateq) to the memory cell. As shown in Figure 2, when write pulse
410 writes Statey to the memory cell, the memory cell exhibuts threshold voltage Vg
when read.

{639} in some embodiments Vg and Vg may have the same \foitage magmitude. In
some cmbodiments, Vwe and Ve may have different magnitudes. The magnitudes of

er than or equal o the greater of threshold

Vwe and Vwy may be selected to be great

voltages Vmg and Vg of Statey and State,, respectively. For example, Vol = [Vl =

6V, Vi = 4.5V, and Ve = 5.5V, In some embodiments, the write pulses may have
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the same magnitude as read pulses. In some embodiments, the write pulses may have
greater magnitudes than the read pulses.

0484 As ithustrated in Figures 2-4, the observed threshold voltage of a memory cell
during a read operation may be set to different threshold voltages based, at least in part,
on the polarity of the voltage applied 1o write to the memory cell and the polarity of the
voltage apphed subsequently to read the memory cell. The different threshold voltages
mnay be used to correspond o different fogic states. In some embodimnents, the memory
ccll may act as a two-terminal threshold switching type device. That is, below the
threshold voliage, the device 1s “off” and conducts lutle or no cumrent.  Above the
threshold voltage, the device is "on” and conducts a corrent andior a carrent above a
threshold current.  The different threshold voltages, which result from reading and
writing with particular pulse polarities may allow the memory cell to act as both a
selector device and a memory element. This may faciltate the use of memory arrays
having less complex architectures. For example, separate selector and memory layers
separated by an addinonal clectrode layer may be avoided when fabricatmg the
memory cells of a memory array. In some embodiments, the memory array may be a
cross point memory array. In some embodiments, the memory artay may have a three-
dimensional cross-point architecture,

{0411 A varigty of writing and reading protocols may be used with & memory cell
having the threshold voltage propertics as described in reference to Figures 2-4,

{042} Figure & is a flow chart of a method 500 for reading a memory cell according to
an cmbodiment of the disclosure. In some embodiments, the memory cell may be
implemented by memory cell 115 shown i Figure T The memory cell may exhibi the
threshold voltage characteristics tlustrated in Figwres 2-4.

1043 A read pulse of voltage Vr may be applicd to the memory cell. The read pulse
may be the same polarity cach time the read pulse 1s applied. In Figiwe 3, the read
pulse may have the same polarity as a write pulse osed o wrie logic Statg o a
memory cell. The voltage Vi of the read pulse may be selected to be between the
threshold voltage Vi of Statey and the threshold voltage Ve of States (e, Vim <
Ve < Vrge). In some embodiments, Vr = 8V, Vg = 4.5V, and Vo = 5.5V, Inother
words, Vyr may be high encugh to threshold a memory cell in State, but too low o

threshold 2 memory cell in Statee.
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{644} A sense amplifier coupled to a bit line associated with the read memory cell
may be used to detect g current through the ywemory cell. The sense amplificr may be
configured to sense the cuwrrgnt through the metnory cell responsive to the read
operation and provide an output signal indicative of the logic state stored by the
memory cell. The sense amplifier may be included 1 a2 memory that inchdes the
memory cell. For example, the sense amplifier may be included with other read and

write citcuits, decoding circuifs, register circuiis, ctc. of the memeory that may be

coupled to a memory array.

{045] When a read pulse is applied to a nmenory cell in State, the menmory celt

conducts current due to the read pulse exceeding the threshold voltage of the memory

cell. The sense amplifier may detect a current Is through the memory cell. When a

read pulse 18 applied to a memory cell 1n Siatey, the memory cell does not conduct

anrent due to the read pulse not exeeeding the threshold voltage of the memory cell

The sense amplifier may detect litthe or no current through the memory cell A

threshold current Iry may be defined for sensing the logic state stored by the memory

cell. The threshold current Ity may be set above a current that may pass through the
memory cell when the memory cell does not threshold tn response to the read pulse, but
cqual to or below an expected current through the memory cell when the memory cell
does threshold 1o response to the read pulse. That s, the threshold current oy shouid
be higher than a leakage cwrrent of the bit line andfor word line. When sense amplifier
detects 2y, State; may be read from the memory cell. When sense amplifier detects

{¢<lryy, Statey may be read from the memory cell. In some embodiments, a logic state

stored by a memory cell may be based on a resulting voltage from the Is current in

regponse 16 a read pulse. For example, the resulting voltage may be compared relative

to a reference veoltage, with a rosulting voliage less than the reforence voliage
corresponding to a first logic state and a resuliing voltage greater than the reference
voltage corresponding to a second logic state.

{046} The method 506 for reading a memory celi may be non-destructive. That is, the
fogic state of the moemory coll may not need o be rewritien after the reemory cell s
read. In sonme embodiments, the logic state of the memory cell may be refreshed at
periodic mtervals by applying the appropriate write pulse in order {o mamntain the

stored logic states. Refreshing the memory cell may reduce or climinate read distwrb
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crrors. In some cmbodiments, refreshing the logic state of the memory cell may not be
needed.

j0471 Figure 6 5 a flow chart of another method 648 for teading a memory cell
according to an embodiment of the disclosure.  The method 600 may utilize two
ramaped voltage read pulses Ready, Read; ithustrated in Figure 7. The read pulses may
apply an mcreasing voltage level up to a maxumuam voltage of Ve, The read pulses may
be the same polarity. The read pulses may have the same polarity as a write pulse vsed
to write logic Statey and the opposite polarity as a write pulse used o write logic States
to a memory cell. The maxtum voltage Ve of the read pulses may be selected to be
greater than the threshold voltages Vo of Statey and the threshold voltage Viymy of
Statey (Von < Ve € VR). For example, in some embodimenis Vi = 6V, Vi = 4.3V,
and Vege = 5.5V, The maximuom voliage of the read pulses may be high enough to
threshold & memory cell in arther logie state.

{648} At Step 605, read pulse Read; is applied o the memory cell. A first threshold
voltage Vyur of the memory cell is measured at Step 610, At Step 615, read pulse
Read; is apphied to the memory cell, and a second threshold voltage Vrus ts measured
at 624 In some embodiments, the measuring of the threshold voltage of the memory
cell may be performed concurrently with the application of the read pulses. For
exanple, as the Read: pulse ramps to the maximunm voltage Vi, the voliage at which
the memory cell conducts corrent is determined and represents the first threshold
voltage Vg, Likewise, as the Read: pulse ramps to the maximum voltage Vi, the
voltage at which the momory cell conducts current i1s determined and represenis the
second threshold voltage Ve,

10494 At Step 625, the difference between Vpyr and Vs 15 deternuned. As described

previously, if a memory cell 1s written with a write pulse having a polarity oppostite the

read pulse, the memory cell will exhibit a higher threshold voltage when read.
However, if the read pulse has a voltage high enough to threshold the memory cell, the
memory cell will exhibit a lower threshold voltage during a subsequent read. This
property is tustrated i Figure 3B, Thus, if the difference between Ve and Vg 18
deternuned to be sbove a certain magniiude {e.g., 0.25V, 0.5V}, the memory cell was
programmed by a write pulse having the opposite polarity as the read pulse {e.g., Statgy

of Figures 2-4). If the difforence between Ve and Vims 15 determined to he
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neghgible, the menory cell was programuned by a write pulse having the same polarity
as the read pulse {e.g., Statey of Figuves 2-4).

U In some embodimenis, Read; and Read: moay not ramp all the way o Ve
Rather, Read, and Read; may ramp only until a respective threshold voltage has been
detected.

{051} The method 600 for reading a memory cell may be destructive. That i3, the
application of Read, and Read, change the threshold voltage of the memory cell, and
thus, change the logic state of the menory cell. Consequently, the logic state of the
memory cell may need to be rewritten after the memory cell is vead. For example, a
memory cell in Sates may change to Statey dwring the read operation. The logie state
of the memory cell may be rewnitten following Step 625,

{852} Although Read; and Reads have been deseribed with reference to Figure 7 as
being ramped voltage pulses, i some embodiments the voltage of Read; and Reads
may be increased non-finearly {c.g., exponentially) without departing from the scope of
the disclosure.

{053} In an alternative embodiment not shown m Figure 6, currents across the
memory cell may be sensed for cach read pulse, for example, when the memory cell
conducis current when the memary cell thresholds, and the difforence between the
sensed currents for the read pulses may be caleulated to determine the logie state of the
memory cell.  In this aliernative embodiment, Vp may be between the threshold
voltages of the different logic states, simular to method 500 shown and previously
described with reference o Figure 5. This aliemative embodiraent may provide a non-
destructive read of a memory cell

1054 In some embodimenis, a memory cell may be written to by a single write pulse
of cither a first or a second polarity as previcusly described in reference to Figure 4. In
some embodiments, a memory cell may be read prior to bemng written. Figure § s a
flow chart of a method 800 of reading a memory cell prioy to writing a logic state to the
raermory cell acoording o an embodiment of the disclosure.

{655} At Step 803, a read pulse 15 applicd to the memory cell and the logic state of the
memory cell 1s sensed at Step 810, In some embodiments, reading the memory cell at

Steps 805 and 818 may be implemented using the method 506 shown in Figure 5. if

the racraory ccll is currently in the logic state that is to be writien, then the method ends
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at Step 8135a. I the memory cell is currently progravumed in a different logic state from
the logie state that is to be written, then the memory cell is written to at Step 8153b. The
cell may be written to by applying the appropriate write palse to write the desired logic
state. For cxample, one of the write pulses illustrated in Figure 4 may be used to
program the memory cell. Reading the memory cell prior to writing may reduce the
nember of higher voltage pulses that are reqowred during operation of 3 memory aray
when the voltage of a write pulse is greater than the voltage of & read pulse {e.g., 6V vs.
SV

{056} Other writing and reading protocols and/or modifications 1o the protocols
deseribed herein oy be used withowt departing from the principles of the disclosure.
For cxample, in some methods, sensing currenis and/or volfages may be Hnuted to a
spectfic e pertod. The time period may be from the inination of a vead pulse to a
point in tinwe after the inttiation of the read pulse (e.g., 20ns). In some embodiments, a
memory coll may be read in a forward polarity and written in cither the forward or
reverse polarity. In some cmbodiments, the memory ccll may be read in a reverse
polarity and writien in either the forward or reverse polarity.

{057} In some cmbodiments, the chalcogenide material of the memory cell may
exhibit a greater difforence between threshold voltages of two logic states when read in
a reverse polarity. In some embodiments, the chalcogemde material of the wemory ecll
may exiubit a greater difference between tdweshold voltages of two logic states when
read in a forward polarity. The polanity of the read pulses may be selected to provide
the greatest difference hetween threshold voltages.

{058} Figure 9 1¢ an ilustration of a portion of a conventional memory arvay 200, The
memory array 900 may mclude a word bine (WL} 905 and a bit line (BL) 935, As

shown in Figure 9, the WL 905 extends parallel to the plane of the page, and the BL

L)

935 extends into the plance of the page, perpendicular to the WL 905, A selector deviee
913 may be located at an mterseetion of the WL 905 and the BL 933, The selector
device 915 may be coupled to WL 903 by a first electrode 810 and coupled to a second
clectrode 926, The electrode 920 may couple the selector device 915 to a momory
clement 923, The memory element 925 may be coupled to BL 935 by a third electrode
938, The memory clement 925 may include a layer of chalcogenide material. I some

embodiments, the chalcogenide material may be a phase change material, but other
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materials may be used. In some embodiments, the selector device 915 may also include
a layer of chalcogenide material. Other materials may also be used.

[059] In an alternative embodiment of the disclosure, the protocols for reading and
writing a memory cell with different voltage polarities as described in reference to
Figures 4-8 may be applied to a selector device and memory element of a memory
array, for example, selector device 915 and memory element 925 shown in Figure 9.
Similar to memory cell 115 illustrated in Figure 1, the selector device and memory
element may be written to two or more logic states represented by different threshold
voltages as shown in Figure 2. The threshold voltage effects of the different read and
write polarities may be additive across the selector device and the memory element. As
shown in the voltage plot of Figure 10, a difference between the threshold voltages of
different logic states for the selector device and memory element may be greater than
the difference between threshold voltages of different logic states of a memory cell.
That is, |[Vrao-Vui|<|Vraosn-Vrai| where Vo is the voltage Voo summed with the
additional difference in magnitude between threshold voltages of the different logic
states due to the additive effect of the selector device and memory element. This larger
difference between threshold voltages may provide a wider margin for detecting
different logic states. Although State; is shown in Figure 10 as having the same
threshold voltage Vry; for both the memory cell and the selector device and memory
element, the threshold voltage for State; for the memory cell may be different from the
threshold voltage for State; of the selector device and memory element in some
embodiments.

[060] Figure 11 illustrates a memory 1100 according to an embodiment of the
disclosure. The memory 1100 includes a memory array 1160 with a plurality of
memory cells that are configured to store data. The memory cells may be accessed in
the array through the use of various signal lines, word lines (WLs) and bit lines (BLs).
The memory cells may be non-volatile memory cells, such as phase change memory
cells, or may generally be any type of memory cells. The memory cells may be single
level cells configured to store data for one bit of data. The memory cells may also be
multi-level cells configured to store data for more than one bit of data.

[061] Commands, address information, and write data may be provided to the

memory 1100 as sets of sequential input/output (I/O) transmitted through an I/O bus
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1128. Similarly, read data may be provided from the memory 1100 through the I/O bus
1128. A data strobe signal DQS may be transmitted through a data strobe bus 1130.
The DQS signal may be used to provide timing information for the transfer of data to
the memory or from the memory. The I/O bus 1128 is connected to an I/O control
circuit 1120 that routes data signals, address information signals, and other signals
between the I/O bus 1128 and an internal data bus 1122, an internal address bus 1124,
and an internal command bus 1126. An address register 1125 may be provided address
information by the I/O control circuit 1120 to be temporarily stored. The I/O control
circuit 1120 is coupled to a status register 1134 through a status register bus 1132.
Status bits stored by the status register 1134 may be provided by the I/O control circuit
1120 responsive to a read status command provided to the memory 1100. The status
bits may have respective values to indicate a status condition of various aspects of the
memory and its operation.

[062] The memory 1100 also includes a control logic 1110 that receives a number of
control signals either externally (e.g., CE#, CLE, ALE, CLK, W/R#, and WP#) or
through the command bus 1126 to control the operation of the memory 1100. A
command register 1136 is coupled to the internal command bus 1126 to store
information received by the /O control circuit 1120 and provide the information to the
control logic 1110. The control logic 1110 may further access a status register 1134
through the status register bus 1132, for example, to update the status bits as status
conditions change. The control logic 1110 is further coupled to a ready/busy circuit
1138 to control a value (e.g., logic value) of a ready/busy signal R/B# that may be
provided by the memory 1100 to indicate whether the memory is ready for an operation
or is busy. The control logic 1110 may be configured to provide internal control
signals to various circuits of the memory 1100. For example, responsive to receiving a
memory access command (e.g., read, write, program), the control logic 1110 may
provide internal control signals to control various memory access circuits to perform a
memory access operation. The various memory access circuits are used during the
memory access operation, and may generally include circuits such as row and column
decoders, signal line drivers, data 1180 and cache registers 1170, I/O circuits, as well as

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

[064] In some embodiments, during a write operation on a memory cell of the
memory array 1160, a first voltage (e.g., 0V) may be provided to a selected word line
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 to the selected word line and bit line (e.g., -6V for
‘1” and +6V for ‘0’). In some embodiments, during a write operation, the selected bit
line may always be provided a specific 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.

[065] In some embodiments, during a read operation on a memory cell, a first voltage
(e.g., OV) may be provided to a selected word line and a second voltage (e.g., -5V,
+5V) 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 greater than or less
than the first voltage provided to the word line, however, the second voltage may
provide the same voltage polarity for every read operation. The logic state of the
memory cell may be sensed by a sense amplifier coupled to the selected bit line. The
sensed logic state of the memory cell may be provided to the data register 180.

[066] Figure 12 is a diagram illustrating a portion of an array 1200 of memory cells
according to an embodiment of the disclosure. The array 1200 may be used to
implement the memory array 1160 of Figure 11 in some embodiments. In the example
illustrated in Figure 12, the array 1200 is a cross-point array including a first number of
conductive lines 1230-0, 1230-1, ..., 1230-N, e.g., access lines, which may be referred
to herein as word lines, and a second number of conductive lines 1220-0, 1220-1, . . .,
1220-M, e.g., access lines, which may be referred to herein as bit lines. A memory cell

1225 is located at each of the intersections of the word lines 1230-0, 1230-1, . . .,
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1230-N and bit bpes 1220-0, 1220-1, . ., 1220-M and the memory cells 1225 can
word bne 1230-0, 1230-1,

., 1230-Nand bt boe 1220-0, 1220-1, ..., 1220-M serving as the electrodes for the

fimetion in g two-terminal architecture, .., with a parts

mentory cells 1225
1067} The memory cells 1225 can be resistance variable memory cells, e.g., RRAM

cells, CBRAM cells, PCRAM cells, andior STT-RAM cells, among other types of

-

mermory celis. The memory cell 1225 can imchede 2 material progranunable to different
data states {c.g., chalcogenide). For instance, the memory cell 1225 may be written to
store particufar levels corresponding 1o particular data states responsive 1o applied
writing voltage andfor corrent pulses, for mstance. Embodiments are not hmited to 2
particular material or materiale. For tnstance, the material can be a chalcogenide formed
of varous doped or undoped materials. Other examples of materials that can be used 1o
form storage elements tnclude binary metal oxide materials, colossal magnetoresistive

raaterials, and/or varicus polymer based resistance vartable materials, among others.

{668} in operation, the memory cells 1225 of array 1200 can be written to by applying
a voltage, e.g., a write voliage, across the memory cells 1225 via selected word lines
1230-0, 1230-1, . . ., 1230-N and bit lnes 1220-0, 1220-1, . ., . 12260-M. A sensing,

¢.g., read, operation can be used to determing the data state of a memory cell 1225 by
sensing current, for example, ona bit ne 1220-0, 1220-1, .. .| 1220-M corresponding
io the respective memory cell responsive to a particudar voltage applied o the selected
word ine 1230-0, 1230-1, ..., 1230-N to which the respective cell is coupled.

{569} Figure 13 is a diagram illustrating a portion of an array 1300 of memory celis.
The array 1300 may be used to tmplement the memory array 1160 of Figure 11 i sone
crbodiments. In the example dlustrated in Figure 13, the array 1300 is configwred in a
cross-point memory array archifecture, o.g., a three-dimensional (3D} cross-pomt
memory array architecnure. The mulii~-deck cross-point memory array 1300 inchides a

namber of successive memory cells, eg, 130§, 1315, 1325 disposed between

alternating, e.g., mterleaved, decks of word lings, e.g., 1336-0, 1330-1, . . ., 133G-N
and 1312-0, 1312-1, .., 1312-N exicnding in a first direction and bit lines, c.g, 1320-
0, 1320-1, .. ., 1320-M and 1314-0, 1314-1, . . ., 1314-M extendmg m a second

direction. The munber of decks can be expanded o munber or can be reduced in

numnber, for example. Each of the memory cells 1308, 1325 can be configured between
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word bngs, e.g, 1330-0, 1330-1, ., 1330-Nand 13120, 1312-1, ..., 1312-N and bit

lines, e.g.

,1520-0, 1320-1, ., 1326-M and 1314-0, 1314-1, . ., 1314-M, such thata

single memory coll 1305, 1325 15 directly electrically coupled with and is electrically in
serics with its respective bit line and word line. For exaraple, array 1300 can mechude a
three-dimensional matix  of mdividually-addressable, e.g., randomly accessible,
memery cells that can be accessed for data operations, ¢.g., sense and write, at a
gramyarity as small as a single storage element or multiple storage elements. In a
nuinber of embodiments, memory array 1300 can mclude more or less bit lines, word
fings, and/or memory cells than shown i the examples in Figure 13

{078} Merories in accordance with embodiments of the present invention may be
used m any of a variety of clectronic devices including, but not Hmited to, computing
systems, clectronic storage systems, cameras, phones, wireless devices, displays, chip
sets, set top boxes, or gapung systems.

{671} From the foregoing it will be appreciated that, although specific cmbodiments
of the mvention have been described hercin for purposes of illustration, various
modifications may be made without deviating from the spirt and scope of the

invention. Accordingly, the invention is not limited except as by the appended claims
o002 4 -y
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CLAIMS

1. An apparatus, comprising:

a memory cell configured to store a logic state;

a first memory access line coupled to the memory cell; and

a second memory access line coupled to the memory cell,

wherein the first and second memory access lines are configured to provide a
first voltage having a first polarity across the memory cell to write a first logic state to
the memory cell and provide a second voltage having a second polarity across the
memory cell to write a second logic state to the memory cell,

wherein, during a read operation on the memory cell, the memory cell exhibits a
first threshold voltage representative of the first logic state responsive to the first
voltage having the first polarity provided to write to the memory cell,

or the memory cell exhibits a second threshold voltage representative of the
second logic state responsive to the second voltage having the second polarity provided

to write to the memory cell.

2. The apparatus of claim 1, wherein the memory cell comprises a

chalcogenide material.

3. The apparatus of claim 2, wherein the chalcogenide material is not a

phase change material.

4. The apparatus of claim 1, wherein the memory cell comprises at least

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

5. An apparatus, comprising:

a memory cell configured to store a logic state, wherein the memory cell is a
two-terminal threshold switching device;

a first memory access line coupled to the memory cell; and

a second memory access line coupled to the memory cell,
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wherein the first and second memory access lines are configured to provide a
first voltage having a first polarity across the memory cell to write a first logic state to
the memory cell and provide a second voltage having a second polarity across the

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

6. The apparatus of claim 1, wherein the memory cell comprises a selector
device coupled to the first memory access line and a memory element coupled to the

selector device and the second memory access line.

7. The apparatus of claim 1, wherein the first memory access line is
configured to provide a negative voltage and the second memory access line is
configured to provide a positive voltage to provide the first voltage having the first

polarity.

8. The apparatus of claim 1, wherein the first memory access line is
configured to provide a first non-negative voltage and the second memory access line is
configured to provide a second non-negative voltage to provide the first voltage having
the first polarity, wherein the second non-negative voltage is greater than the first non-

negative voltage.

9. An apparatus, comprising:

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

a first memory access line coupled to the memory cell; and

a second memory access line coupled to the memory cell,

wherein the first and second memory access lines are configured to provide a
read pulse during the read operation, the read pulse having a first polarity,

wherein the first and second memory access lines are further configured to
provide a write pulse having the first polarity or a second polarity during a write

operation.
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10.  The apparatus of claim 9, wherein the first memory access line is
configured to provide a negative voltage and the second memory access line is
configured to provide a positive voltage to provide the write pulse having the first

polarity.

11.  The apparatus of claim 9, wherein the first memory access line is
configured to provide a first non-negative voltage and the second memory access line is
configured to provide a second non-negative voltage to provide the write pulse having
the first polarity, wherein the second non-negative voltage is greater than the first non-

negative voltage.

12. The apparatus of claim 9, wherein the memory cell exhibits the first
threshold voltage responsive the read operation when the write pulse having the first
polarity was provided during the write operation and the memory cell exhibits the
second threshold voltage responsive to the read operation when the write pulse having

the second polarity was provided during the write operation.

13.  The apparatus of claim 9, 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.

14.  The apparatus of claim 13, wherein the memory array is a two-

dimensional array.

15.  The apparatus of claim 13, wherein the memory array is a three-

dimensional array.
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16.  The apparatus of claim 9, further comprising:

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

a second electrode coupled between the memory cell and the second memory

access line.

17. The apparatus of claim 9, further comprising a sense amplifier coupled
to the first memory access line or the second memory access line, the sense amplifier

configured to sense a current through the memory cell responsive to the read operation.

18.  The apparatus of claim 9, wherein the memory cell comprises a

chalcogenide.

19. A method, comprising:

applying a first read pulse having a first polarity to a memory cell, wherein the
memory cell was programmed to a logic state with a write pulse having the first
polarity or a second polarity;

sensing a first threshold voltage of the memory cell responsive to the first read
pulse;

applying a second read pulse having the first polarity to the memory cell;

sensing a second threshold voltage of the memory cell responsive to the second
read pulse;

calculating a difference between the first threshold voltage and the second
threshold voltage; and

determining the logic state of the memory cell, wherein the logic state is
determined to be a first state when the difference is below a threshold value and the
logic state is determined to be a second state when the difference is above the threshold

value.

20. The method of claim 19, wherein the first and second read pulses are

ramped voltage pulses.



24

21.  The method of claim 20, wherein a voltage of the ramped voltage pulses

is increased linearly.

22. The method of claim 20, wherein a voltage of the ramped voltage pulses

is increased non-linearly.

23. The method of claim 19, further comprising reprogramming the memory

cell to the logic state after the second read pulse.



