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system includes a number of memory cells in a crossbar array. Each memory cell includes a
memory element to store information. The memory element is defined as an intersection
between a column electrode and a row electrode of the crossbar array. Each memory cell
also includes a selector to select a target memory element by relaying a first selecting
voltage to a column electrode that corresponds to the target memory element and relaying a
second selecting voltage to a row electrode that corresponds to the target memory element.
The system also includes a controller to pass a first standing voltage to column electrodes of
the crossbar array and to pass a second standing voltage to row electrodes of the crossbar ar-
ray. The first standing voltage is different than the second standing voltage.
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ASYMMETRICALLY SELECTING MEMORY ELEMENTS

BACKGRGUND

[0001] Memory arrays are used to store data. A memory artay may
be made up of & number of memory elements. Data may be stored {0 memory
elements by setting values of the memory elements within the memory arrays.
For example, the memory bits may be set to 0, 1, or combinations thereof to
store data in a memory bit of @ memory armray.

BRIEF DESCRIPTION OF THE DRAWINGS

[0002] The accompanying drawings illustrate various examples of the
principles described herein and are a part of the specification. The illustrated
examples do not imit the scope of the claims.

[0003] Fig. 1is a diagram of a system for asymmetrically selecling a
memory element according to one example of the principles described herein.

[0004] Fig. 2 is a flowchart of a method for asymmetrically selecting a
memory element according to cne example of the principles described heremn,

[6O058]  Fig. 3 is a diagram of a mamory array with an asymmetricatly
selected memory slement according to one example of the principles describad
herein.

[GOD6] Fig. 4 is another diagram of 8 memory array with an
asymmetrically selected memory element according to one exampie of the
principles described herein.

[6007]  Throughout the drawings, identical reference numbers

designate similar, but not necessarily identical, elements.
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DETAILED DESCRIPTION

[GOQ8] As described above, memory arrays may be used to store data
by setting memory bit values within the memory array. More specifically, a
memyistor array including a number of memvristors may be used to store data by
selting memristor resistance values within the memristor array. Inusing a
memyristor as an element in @ memory circuit, a digital operation is emulated by
applying voltage pulses of different polarities to place the memristor in a “low
resistance state” which resistance state is associated with a logical value, such
as"1.” Similarly, a voltage pulse of a different polarity, or different value, may
place the memyistor inn a "high resistance state,” which resistance state is
associated with another logical value, such as "0." Each memristor has a
switching voltage which refers to a voltage drop across a memristor which
effectuates a change in state of the memristor. For example, a switching
voltage of a menwisior may be between 1-2 volis (V). In this example, an
applied voltage greater than the switching voltage (i.e., the 1-2V) causes the
merristor 1o change betwesn a low resisfance state and a high resistance
siate.

[6009] Memristors may be valued due their non-volatility, or their
ability to retain infformation in the face of power loss such as during power
failure, reboot, maintenance etc. in some examples, memrisiors may be placed
in a crossbar array. In a crossbar array a first number of electrodes and a
second number of electrodes may be ortented o form a grid. As used in the
present specification the first number of electrodes may be referred to as
column electrodes and the second number of slectrodes may be referred to gs
row elecirodes. Each intersection of ong of the first number of electrodes with
one of the second number of electrodes defines memyistor elements of the
memyistor array.

[0010] A memvwistor may be selected o be writlen {6 or read from, by
effectuating a voltage drop that is greater than a switching voltage of the
menwistor. The voltage drop may be effectuated by applying a first voltage of

one polarity to a column electrode that corresponds to a target memristor and
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applying a second voltage of a second polarity to a row electrode that
corresponds {0 the target memristor. The overall difference between the first
voltage and the second voltage being greater than the switching voltage of the
memristor.

[0011] A crossbar array may be beneficial as it provides a farge
amount of data storage on a relatively small footprint of a device. However,
while crossbar menristor arrays may be beneficial, some characleristics of their
use may reduce their implementation.

[0012] Forexample, as described above 10 select a larget memyistor,
a first selecting voltage may be applied {0 a column electrode that corresponds
to the {arget memrisior. This may effectuate a voliage drop along other
memyristors that share the same column electrode. Similarly, applying a second
selecting voltage to a row electrode that corresponds to the target memristor
would effectuste a vollage drop in other memrisiors that share the same row
electrode. Accordingly, a number of other memristors may be padially-selected,
These partially-selected memristors may give rise to sneak current in the
merristor array. Large sneak currents may lead {o a number of issues such as
saturating the current of driving transistors and increasing power consumption.
Moreover, large sneak currents may introduce large amounts of noise which
may lead o inaccurate or ineffective memaory reading and writing operations.

[0013]  Accordingly, the system and method described herein may
alleviate these and other complications. More specifically, the present systems
and methods generate a memristor array that reduces the sneak current by
fmplemeanting asymmetric sedecting voliages and asymmetric standing voliages
across the memory array,

[0014] More specifically, the present disclosure describes a system for
asymmetrically selecting a memory element. The system includes a number of
memory cells in a crosshar array.  Each memory cell includes a memory
element to store information, the memory element being defined as an
intersection between a row electrode and a column electrode of the crossbar
array. Each memory celf also includes a selector to select a target memiory

element by relaying a first selecting voltage {o a column electrode that
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corresponds {o the target memory element and relaying a second selecting
voliage 10 a row slectrode that corresponds 1o the target memory element. The
system also inciudes a controfler to pass a first standing voltage to column
electrodes of the crosshar array and a second standing voltage to row
electrodes of the crossbar array. The first standing voltage is different than the
second standing voltage.

[0015] The present disclosure describes a method for asymmetrically
selecting a memory cell with a controlier. The method includes applying a first
standing voltage to column glecirodes of a crosshar array and applving a
second standing voltage to row alectrodes of the crossbar array. The second
standing voltage is different than the first standing voltage. The method also
includes selecting a target memory element in the crossbar array by relaying a
first selecting voltage to a column electrode corresponding to the target memory
element and relaying a second selecting voltage to a row electrode
corresponding 1o the target memory element.

[0018] The present disclosure describes a system for asymmetricaily
selecting a memory element. The system includes a number of memyistor cells
iy & crosshar array. Each menmristor cell includes a memristor to store
information, a controller o apply a first standing voltage, xV, to a number of
column electrodes of the crosshar array and to apply a second standing voltage
yV 1o a number of row electrodes of the crossbar array. The system also
includes a selector to select a target memyristor by relaying a number of
selecting voltages {0 a column electrode and row elecirode that correspand to
the target memristor such that the difference between the selecting voltages is
at least equal to the switching voliage, V, of the memnsior.

[0017] The systems and methods described herein may be beneficial
by reducing the overall sneak current in the memristor array. For example, with
large sneak path currents, operating a crosshar array is inefficient, if possible.
Doing so may also increase the reliability of read and write operations, reduce
power consumption, and atleviate other undesirable effects of sneak current in a
menristor array.
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[0018] As used in the present specification and in the appended
claims, the term "memyistor” may refer o a passive two-terminal circuit element
that changes its electical resistance under sufficient electrical bias. A
memristor may have a switching voltage in which a voltage drop that is greater
than the switching voltage causes the memristor to switch states. A partially-
selected memristor may refer to a memristor that has a voltage drop that is less
than the switching voltage. A partially~-selected memristor may receive either
the first selecting voltage passed through a selecting column electrode or the
second selective vollage passed through the selecting row electrode. An
unselected memristor may refer to a memrisior that has a voltage drop that is
fess than a selecting voltage.

[00189] Further, as used in the present specification and in the
appended claims, the terms “row electrodes” and "column electrodes” may refer
to distinct electrode elements, such as wires, that are formed in a grid. The
intersection of a row electrode and a column electrode form a memory element.

[0020] Further, as used in the present specification and in the
appended claims, the term “farget memyistor element” or similar terminology
may refer o a memeory element that is {o be written {o or read from. A targst
memyristor element may refer o a8 memristor element with a closed circuit
selector as opposed to an open circuit selector.

[0021] Further, as used in the present specification and in the
appendead claims, the term "nonlinearity” may refer {o a ratio of current at a first
voliage level to the current at a second voliage level, in which the second
voltage level is half the magnitude of the first voltage level in sither the same or
different polarity.

[0022]  Still further, as used in the present specification and in the
appended claims, the term “asymmetiic” may refer {0 a selector or a memristor
with unequal negative and positive switching voitages or currents. For example,
an asymmetric memristor may have a first switching voliage with regards to a
switch from a high resistance state to a low resistance state and a second and
different, switching voltage with regards to a switch from a low resistance state

to a high resistance state. By comparison, an asymmetric selector may have a
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first current for a positive voltage polarity and may have a different current for a
negative voltage polarity of the same magnitude as the positive voltage polarity.
The degree of asymmetlry may be indicated by the nonlinearity of the memristor
or selector.

[0023]  Still further, as used in the present specification and in the
appended claims, the term “a number of or similar language may include any
positive number including 1 to infinity; zero not being a number, but the absence
of a number.

[0024] in the following description, for purposes of explanation,
numerous specific details are set forth in order to provide a thorough
understanding of the present systems and methods. 1t will be apparent,
however, to one skilled in the art that the present apparatus, systems, and
methods may be practiced without these specific details. Reference in the
specification to "an example” or similar language means that a particular
feature, structure, or characteristic described is included in at least that one
example, but not necessarily in other examples.

[CO25] Fig. 1is a diagram of a system {100) for asymmetrically
selecting a memory element (104) according to one exampie of the principles
described herein. The system (100) may include a memory array (102). A
memory array {(102) may he used to store any type of information. Accordingly,
a memory array (102) may be made up of individual memory cells {(103) to store
information. While Fig. 1 depicts two memory cells (103-1. 103-2), a memory
array (102) may include any number of memory cells {103}, The memory array
{102} may be a crossbar array. in a crossbar array, 8 number of column
electrodes, such as wires, may be oriented in a first direction and a number of
row electrodes, such as wires, may be oriented in a second direction that is
perpendicutar to the column electrodes. In this example, each intersection of
each row electrode with a column electrode defines a node that is 2 memeory
glement {104}, In some examples, the memory elements (104-1, 104-2) may be
menvistors that retain data in the face of a power loss. In this example, a row
slectrode or a column electrode may form a bottom electrode of the memiristor

and the other eleclrode (i.e., row or column} may form a iop electrode of the
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menyistor. More detall concerning the structure of a crossbar array is given
below in conneclion with Fig. 3.

[6026] The memristors store infarmation by indicating a logical value
o a controller {101). The menwistors may indicate this logical value based on
their resistance. For example, a memyistor in a low resistance state may
indicate a logical value of 1. By comparison, a meamristor in a high resistance
state may indicate a fogical value of 8. The number of memyristors in a
memyistor array (102) form a sequence of 1s and 0s that indicate stored
information. The resistance state, and the corresponding logical vaiue, are
selected by a voltage pulse sent from the contraller (101) to the memristor array
{102).

[0027] A memory cell (103-1, 103-2) may also include a selector {105-
1, 1056-2) that selects a target memory element (104). For example, a selector
{105) may be a diode that either allows a selecting voltage to pass to a
menvyistor or that prevents a selecting voltage from passing to the memristor.

[0028] The system (100) may also include a controlier (101} to
manage the memory array (102). For example, the controller (101) may pass g
riumber of standing voltages to the memory array (102). The standing voltages
may be voltages that are passed o multiple memory elements (104) in a
memory array (103} and that facilitate selection of a target mamaory element
{104).

[0029] The controlier {101) may include a number of modules to carry
out the funcionality of asymmetrically selecting a memory celf (1033, The
modules refer {0 a combination of hardware and program instructions to cause
the controfler {101} 1o implement at least the functionality of asyimmelrically
selecting a memory cell (103). The controfier may include memory resources
that store the program instructions. The program instructions may include a
reagdable storage medium that contains program code {o causes tasks {o be
execuied by a processor, such as the controlier (101). The readable siorage
medium may be tangible and/or physical storage medium. The readable
starage medium may be any appropriate storage medium that is not a

transmission storage mediim. A non-exhaustive list of readable storage
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medium types includes non-volatile memory, volatile memory, random access
menory, write anly memory, flash memory, electrically erasable program read
only memory, or types of memory, or cambinations thereof.

[6030] Fig. 2 1s a flowchart of a method {200} for asymmaetrically
selecting a memory element (Fig. 1, 104) according o one exampie of the
principles described herein. The methad (200} may include applying {block
201} a first sfanding voltage to a number of column electrodes of a crossbar
array. The first standing voltage may be a voltags that is less than a switching
voltage of the memary elements (Fig. 1, 104} of a memory array (Fig. 1, 102).
For example, as described above, a memristor may have a swiiching voltage
that refers to a voltage wherein the memyistor switches between resistance
states. In this exampie, the first standing voltage may be a value xV, where Vis
the switching voltage of the memyristor, and x is a value less than %

[0031] The method {200) also includes applying (block 202) a second
standing voltage to a number of row electrodes of a crossbar array. Applying
{block 201} a first standing voltage and applying (block 202) a second standing
voltage may occur simullaneously. in some examples, the second standing
voltage may be a voltage that is less than a switching voltage of the memory
element {Fig. 1, 104). For example, the second standing voltage may be a
value vV, In this example, V may he the switching voltage of the memrisior, and
y may be g value greater than 1.2.In some examples the relationship between
the first standing voltage and the second standing voltage may be defined by
the equation ¥ = 7-x. The secondd standing voliage may be the same polarity
relative to the first standing voltage. Applying a second standing voliage that is
distinct from the first standing voltage may be beneficial in that it reduces the
overall amount of sneak current in the memory array (Fig. 1, 102). More detail
concermning the overall sneak current of a memory array (Fig. 1, 102} is given
below i connection with Fig. 4.

[0032] The method {200) may also include selecting (block 203} a
target memory element (Fig. 1, 104) in the memory array (Fig. 1,102). As
described above, a target memory element {Fig. 1, 104} is a memory element
{(Fig. 1, 104) that is intended {o be written to or read from. Selecting (block 203)



WO 2016/014089 PCT/US2014/048306

a target memory element (Fig. 1, 104) may include relaying a first selecting
voliage from the controller (Fig. 1, 101} {0 a column electrode corresponding to
the memory element {(Fig. 1, 104} and relaying a secand selecting voltage from
the controfler (Fig. 1, 101} to a row electrode corresponding o the memory
element {Fig. 1, 104}. A selector (Fig. 1, 105) of the memvristor cell (Fig. 1, 103}
may perform the selection. With both the row and column electrodes receiving
a selecting voltage, the target memory element (Fig. 1. 104; is active.

[0033] Fig. 3is a diagram of a memory array {102) with an
asymmelricaily selected memory element (104-1) according to ong example of
the principles described herein. As described above, the memory array (102)
may include row electrodes (307} and column electrodes (308} that are
perpendicular to one another. For simplicity, Fig. 3 depicts one row electrode
{307} and one column electrode (306) with a reference number, but all
instances may have similar properties. The intersection of each column
electrode (308) and row electrode (307) may define a memory element (104), A
memory element (104) combined with a selector (Fig. 1, 108) forms a memaory
cell (Fig. 1, 103). For simplicily, a few memory elements {104) have been
identified with reference numbers, but all memory elements (104} in the memaory
array (102} may share similar characteristics. One such characteristicis a
switching valtage, V, which is defined as the voltage drop across a memary
element {Fig. 1, 104} that causes the memory element {(Fig. 1, 104) to switch
states. To select a target memory element (104-1) indicated in Fig. 3 by a
dashed circle, the controller (101) may pass a number of selecting voltages to
electrodes (306, 307} that correspond {o the target memory element (104). In
Fig. 3, the electrodes (308, 307) that correspond to the target memory element
{104-1) are indicated by dashed lines. Selectors (Fig. 1, 106-1, 105-2) that
correspond to the target memory element (104-1) may relay the selecting
voltages to electrically isclate the target memary element {104} from the rest of
the memory elements (104) in the memory array {102). In this fashion, the
target memory element (104-1) may be written to, or read from.

[6034] More specifically, the contralier {101} may pass a first selecting
voltage to a column electrode (306) that corresponds to the target memory
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element {104-1), which electrode is indicated in Fig. 3 as a vertical dashed line.
Similarly, the controfier {101} may pass a second selecting voltage to a row
slectrode (307) that corresponds 10 the target memory element {104}, which
glectrode is indicated in Fig. 3 as a horizontal dashed line. In this example, the
second selecting voltage may be different than the first selecting voltage. The
difference batween the second selecting voltage and the first saelecting voltage
may be greater than a switching voltage of the target memory element {104-1}
such that the target memory element (104-1) switches state.

[003&] For example, given a swilching voltage V, the first selecting
voltage may be a value V; and the second selecting voltage may be a valua V,,
such that Vi-V. is at least equal to V. in other words, the voltage drop across
the target memory slement (104-1) may be at least equal to a switching voltage
of the memory element {104-1) and may be realized by a difference between
the first selecting voltage, V; and the second selecting voltage, V.. In a specific
example, the first selecting voltage may be V and the second selecting voltage
may be ground, or zero. in this fashion, the target memory element (104-1)
may be selected and subsequent reads and writes o the {arget memory
element {104-1) may be effecluated.

[0036] in some examples, the memory element {104) of the memory
celt {(Fig. 1, 103) may he asymmetric. More specifically, a negative swilching
voltage of the memristor may be less than a positive switching voltage of the
menmyistor. An asymmetric memory element may be bensficial by increasing
the non-linearity of the memory array (102). The increased non-linearily serves
to reduce the overall sneak current passing through the memory array (102) as
described below in Fig. 4.

[0037] Similarly, in some examples, the selector (Fig. 1, 105} of the
memory cell (Fig. 1, 103) may be asymmetric. More specific, a current passing
through the selector {Fig. 1, 105} for a negative voltage may he less than a
current for a positive voltage having the same absolute value. More detail
regarding the asymmetry of the selectors (Fig. 1, 105) and the mamory
slements (Fig. 1, 104) is given below in connection with Fig. 4.

10
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[0038] The controlier (101) may also pass a number of standing
voliages to a number of other memory elements {104} in the memory array
{102); those memory alements (104) that are not the target memory element
{104-1), for exampie. The controller {101) may pass a first standing veliage to a
number of column efectrodes (308) that do not correspond to the target memory
element {104-1} and may pass a second standing voltage to a number of row
electrodes {307} that do not correspond to the target memory element {104-1).
In some examples, the first standing voltage may be a first volfage, xV, where V
is the switching voltage of memory elements (104} in the memory array (102).
The second standing valtage may be a second voltage, yV, where Vis the
switching voltage of the memory elements (104) in the memory array (102). In
some examples y may equal 1-x. In other words, asymmetric standing voltages
may be passed through a number of electrodes (306, 307} in the memory array
{102). Passing such asymmetric standing voltages may be beneficial for a
number of reasons as will be described in connection with Fig. 4.

[0038] Fig. 4 is a diagram of a memory array {102) with an
asymmetrically selected memory element (104-1) according 1o one example of
the principles described herein. As described above, one column electrode
(308) of the column electrodes {306) may be selected to target a memory
element {104-1}. As used in Fig. 4, the column slectrode (306) to select the
target memory element (104-1} may be referred to as a sealecting column
electrode (306-1) and other column electrodes (306) may be referred to as
standing coluiny electrodes {3068-2). Similarly. one row slectrode (307) of the
row electrodes (307) may be selected to targst a memory element (104-1). As
used in Fig. 4, the row electrode {o (307) select the targst meamory element
{104-1) may be referred to as a selacting row electrode (307-1) and other row
electrades {307) may be referred to as standing row electrodes {(307-2).

[G040] The intersection of the selecting column electrode (306-1) and
the selecting row electrode (307-1) may resull in an activated target memory
element {104-1) indicated by a dashed circle. The standing column electrodes
{306-2} may recaive a first standing voltage. The first standing voltage may be

a value xV where Vis the swilching voltage of the memory elements (104) in

i
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the memory array (102) and x is a value less than ¥. The first swilching voltage
may be the same polarity as the selecting vollage applied to the selecling
column slectrode (308-1). Simitarly, the standing row electrodes (307-2) may
receive a second standing voltage. The second standing voltage may be a
value vV where V is the switching voltage of the memory elements (104) in the
memory array (102) and y is a value greater than 72,

[0041]  in this example, the benefit of the asymmeilrically selected
memory element (104-1) may be determined by calculating the total sneak
current of the memory array (102). In this example, there may be a very small
sneak current passing through the target memory element (104-1). Sneak
current may be determined based on the voliage that passes through the
memory elements {104) that are not selected. A number of memory elements
{104) share the selecting column electrode (306-1) or the selecting row
electrode (307-1) with the {arget memory element (104-1), such that these
“partially-selected.” memory elements (104-2), indicated in Fig. 4 with cross-
hatching, receive either the first selecting voltage passed through the selecting
column electrode (306-1) or the second selecting voltage passed through the
selecting row slectrode (307-1). In receiving just one of the selecling voltages,
these "partially-selected” memory slements (104-2) may exhibit a voltage drop,
but the voltage drop may be less than the switching voltage of the memory
elements (104-2} such that the memory elements (104-2) do not switch state,
However, the voltags drop across these partially-selected meamory elements
{104-2} may contribute {0 sneak current in the memory array (102). For
simplicity, one partialiy-selected memory elements {(104-2) is indicated with a
reference number, however all partially-selected memory elements (104-2) may
share similar characteristics.

[0042] The vollage present in the partially-selected mamory elements
{104-2) may be calculated by determining the difference between the standing
voliage and the selecting voltage corresponding to the memory element (104-2).
For example, given a first standing voltage of xV, x being less than 1/2, a
switching voltage of V. a first selecting voltage of V, a second selecting voliage

of 0, and a second standing voltage of yV, y being greater than 1/2, the voltage

12
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drop across the partially-selected memory elements (104-2) may be calculated
by subiracting the voltage along a column electrode {(306) from a row electrode
{(307). For example, memory elements (104-2) that fall along the ssalecting
column electrode (306-1) may have a voltage drop equal to the first selecting
voltage V minus the second standing voitage yV for a voltage drop of (1-V.
Similarly, the memory elements (104-2) that falf along the selecting row
electrode (307-1) may have a voltage drop equal to first standing voltage minus,
xV, minus the second selecting voltage, 0 for a voltage drop of xV. As both ¥
and x are positive values, this woudd resull in a voltage polarity for the partially-
selected memory elements (104-2) that is the same as the polarity of the
switching voltage. Note that x and y being less than the switching voltage, V. a
voltage drop across the partially-selected memory elements (104-2) is less than
the switching voltage for the memristors in the array. While the above example
referenced specific values of the different voltages any value may be used for
any voltage such that the difference between selecting voltages is at least equal
to the switching voltage of the memory element (104-1).

[0043] in the memory array (102} a number of memory elements (104)
do not share any electrodes with the target memory element (104-1), Such
unselected memory elements {104-3) are indicated by solid unfilled circles. For
simplicity, one unselected memory element (104-3) is identified with a reference
number, howaver, mamory slements (104} indicated by solid and unfiled circles
share similar characteristics. Again given a first standing voltage of xV, a
switching voltage of V, first selecting voltage of V., a second selecting voltage of
0, and a second standing voltage of vV, the voltage drop across the unselected
memory elements {104-3) may equal the first standing voltage, xV, minus the
second standing voltage, vV, for a total voltage drop of x-yi V. In other words,
the voltage drop across the unselected memory elements {(104-3) may be of an
opposite polarity of the voltage drop across the partially-selected memory
elements (104-2}. Fut another way, the number of partially-selected memory
element {104-2) may have a first voltage drop in an amount, such as xVor {1~
vV that is the same polarity as a switching voltage, V, of the target memory

element {104-1), and the unselected memaory elements (104-3; of the memory

13
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array {102) may have a second voltage drop in an amount, such as (x-y}V,
which is fess than the first voltage drop and is an opposite polarity of the first
voltage drop.

[0044] As described above, in some examples, the selectors {Fig. 1,
108) may be asymmetric being more greatly nonlinear in a positive direction. in
other words, an asymmetric selector (Fig. 1, 108) of a memory cell (Fig. 1, 103)
may have more current for a positive value voltage as compared to the current
for a similar negative value voltage of the same magnitude. Thus, as the
memory array (162) has a number of memory cells (Fig. 1, 103) with negative
voltage values, Le., those corresponding {o the unselected memory elements
{104-3}, the current passing through those ceils will be smaller and will therefore
result in a memristor array {102) with a smatier overall sneak current. Moreover,
that the unselected memory elements {104-3) have a negative voitage drop
offsets the positive voitage drop of the parlially selected memory element (104-
2). The sheak current of the memristor array {102} may be calculated by the
following equation:

'fﬁ'n{:‘u.k’ = {_2, x (‘?’l - 1} # ];\":k"} + {(;"E - 1}23 x —;{'Exw’l,}i’ {FQ}"mUia 1)

[0045]  in Formula 1, Jea refers to the sneak current, and /iy refers fo
the current passing through a partially selected memaory element (104-2} | fevw v
refers to the current passing through an unselected memory element {104~
3y.and n refers {o the number of column electrodes (306} and row electrodes
{307) in the memory array (102).

[0048] Methods and systems for asymmetrically selecting a memory
celt (Fig. 1, 103) may have a number of advantages, including: (1} improving
memory array (Fig. 1, 102) ifelime; (2} reducing current sneak paths in the
memory array (Fig. 102); {3} increasing the array (Fig. 1, 102) storage capacity
{Fig. 1, 102); (3) improving reliability of the memristor array (Fig. 1, 102); {4)
improve consistency of read and write times; and {5) constrain worst case

power consumption.

14
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[0047] Aspects of the present system and method are described
herein with reference o flowchart illustrations andfor block diagrams of
methods, apparatus (systems) and computer program products aceording to
examples of the principles described herein. Each block of the flowchart
flustrations and block diagrams, and combinations of blocks in the flowchart
fHiustrations and block diagrams, may be implemented by compuier usable
program code. The computer usable program code may be provided to a
processor of a general purpose computer, special purpose computer, or other
programmabie data processing apparatus o produce a machine, such that the
compider usable program code, when exgcuted via, for example, the
processing resources {508} or other programmable dala processing apparatus,
implement the functions or acts specified in the fowchart and/or block diagram
block or blocks. In one example, the computer usable program code may be
embodied within a computer readable storage medium; the computer readable
storage medium being part of the computer program product, In one example,
the computer readable storage medium is a non-transitory computer readable
medium.

[6048] The preceding description has been presenied 1o Hlustrate and
describe examples of the principles described. This description is not intended
to be exhaustive or to limit these principles to any precise form disclosed. Many
modifications and variations are possible in light of the above teaching.

15
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CLAIMS
WHAT 1S CLAIMED 18

1. A system for asymmetrically selecting a memory element, comprising:
a number of memory cells it a crosshar array, each memory celf
comprising:

a memory element to store information, the memory element
baing defined as an infersection between a column electrode and a row
electrode of the crossbar array; and

a selector to select a target memory elemeant by

retaying a first selecting voltage to a column electrode that
corresponds to the target memory element; and
refaying a second selecting voltage to a row electrede that
corresponds o the target memory element; and
a controller to:

pass & first standing vollage to column electrodes of the crossbar
array, and

pass a second standing voltage to row electrodes of the crosshar
array, in which the first standing voliage is different than the second
standing voiltage.

2. The system of ¢laim 1, in which the row elecirodes are perpendicular to
the column electrodes.

3. The system of claim 1, in which the memory element is a2 mamristor.

4. The system of claim 3, in which the memristor is asymmetric.

5. The system of claim 4, in which a negative switching voltage of the
menwistor is tess than a positive switching voltage of the memristor.

19
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8. The system of claim 1, in which the selecior is an asymmaetric selecior.

7. The system of claim 6, in which a current for a negative voliage is less

than a current for a positive voltage of the same absolute valus.

8. The system of claim 1, in which

a number of partially-selected memory elements of the crossbar array
have a first voltage drop in a first amount; and

a number of unselected memory elements of the crossbhar array have a
second voltage drop in a second amount that is less than the first amount and of

an opposite polarity of the first voltage drop.

8. A method for asymmetrically selecting @ memory element, comprising,
with a controfler:
applying a first standing voltage lo column electrodes of a crossbar array,
applving a second standing voltage to row electrodes of the crossbar
array, in which the second standing voltage is different than the first standing
voliage;
selecting a target memaory element in the crossbar array by
relaying a first selecting voltage 10 a column electrode
corresponding to the target memeory element; and
relaying a second selecting voltage 1o a row electrode
corrasponding to the target memory element.

10.  The method of claim 9, in which the memory element is a memyistor.

11.  The method of claim 9, in which:

a voltage drop across a targel memory slement is af leastequal to a
switching voltage of the memory element,; and

the voltage drop is realized by a difference between the first selecting
voltage and the second selecting voltage.

17
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12.  The method of claim 8, in which:
the first standing voltage is a first value, XV, and
the second standing voltage is a value, yV, inwhich Vis a switching

voltage of the target memory element.

13. A system for asymmetrically selecting a memory element, comprising:
a number of memyistor cells in a crossbar array, each memristor cell
comprising:
a memristor to store information;
a controller to:
apply a first standing volfage, xV, to a number of column
electrodes of the crossbar array;
apply a second standing voltage, yV, to a number of row
electrodes of the crossbar array,; and
a selector to select a target memristor by:
refaving a number of selecting voltages {o a column
elecirode and row electrode that correspond o the target
memristor, such that the difference between the selecting voltages
is at least equal to the switching voltage, V, of the memristor.

14.  The system of claim 13, in which x is fess than 1/2.

15, The system of ¢laim 13, in which y 15 more than 1/2.

18
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