wo 2017/138941 A1 [N I P00 00O OO

(43) International Publication Date

(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

(19) World Intellectual Property Ny
Organization é
International Bureau -,

=

\

17 August 2017 (17.08.2017)

WIPOIPCT

(10) International Publication Number

WO 2017/138941 Al

(51

eay)

(22)

(25)
(26)
1

(72

74

31

International Patent Classification:
G11C 11/16 (2006.01) G11C 13/00 (2006.01)

International Application Number:
PCT/US2016/017450

International Filing Date:
11 February 2016 (11.02.2016)

English
Publication Language: English

Applicant: HEWLETT PACKARD ENTERPRISE DE-
VELOPMENT LP [US/US]; 11445 Compaq Center Drive
West, Houston, Texas 77070 (US).

Inventors: GRAVES, Catherine; 1501 Page Mill Road,
Palo Alto, California 94304 (US). GIBSON, Gary; 1501
Page Mill Road, Palo Alto, California 94304 (US).
STRACHAN, John Paul; 1501 Page Mill Road, Palo
Alto, California 94304 (US).

Agents: ZHANG, Shu et al.; Hewlett Packard Enterprise,
3404 E. Harmony Road, M/S 79, Fort Collins, Colorado
80528 (US).

Filing Language:

Designated States (unless otherwise indicated, for every
kind of national protection available). AE, AG, AL, AM,
AO, AT, AU, AZ, BA, BB, BG, BH, BN, BR, BW, BY,

(84)

BZ, CA, CH, CL, CN, CO, CR, CU, CZ, DE, DK, DM,
DO, DZ, EC, EE, EG, ES, FI, GB, GD, GE, GH, GM, GT,
HN, HR, HU, ID, IL, IN, IR, IS, JP, KE, KG, KN, KP, KR,
KZ, LA, LC, LK, LR, LS, LU, LY, MA, MD, ME, MG,
MK, MN, MW, MX, MY, MZ, NA, NG, NI, NO, NZ, OM,
PA, PE, PG, PH, PL, PT, QA, RO, RS, RU, RW, SA, SC,
SD, SE, SG, SK, SL, SM, ST, SV, SY, TH, TJ, TM, TN,
TR, TT, TZ, UA, UG, US, UZ, VC, VN, ZA, ZM, ZW.

Designated States (uniess otherwise indicated, for every
kind of regional protection available): ARIPO (BW, GH,
GM, KE, LR, LS, MW, MZ, NA, RW, SD, SL, ST, SZ,
TZ, UG, ZM, ZW), Eurasian (AM, AZ, BY, KG, KZ, RU,
TJ, TM), European (AL, AT, BE, BG, CH, CY, CZ, DE,
DK, EE, ES, FI, FR, GB, GR, HR, HU, IE, IS, IT, LT, LU,
LV, MC, MK, MT, NL, NO, PL, PT, RO, RS, SE, SI, SK,
SM, TR), OAPI (BF, BJ, CF, CG, CI, CM, GA, GN, GQ,
GW, KM, ML, MR, NE, SN, TD, TG).

Declarations under Rule 4.17:

as to the identity of the inventor (Rule 4.17(i))

as to applicant'’s entitlement to apply for and be granted a
patent (Rule 4.17(i1))

Published:

with international search report (Art. 21(3))

(54) Title: CROSSBAR ARRAYS WITH PHOTOSENSITIVE SELECTORS

100—\

130

FIG. 1A
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an electrical conductivity that changes in response to exposure to an electromagnetic radiation. The junction is coupled between the
top electrode and the bottom electrode.
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CROSSBAR ARRAYS WITH PHOTOSENSITIVE SELECTORS

BACKGROUND
[0001]  Selectors are passive two terminal devices that may conirol the electrical
properties, such as the conductance, of electromic devices containing the seleclors.
Memristors are passive two terminal devices that can be programmed to different resistive
states by applying a programming energy, such as a voltage. Large crossbar arrays of
memaory devices can be used in a varigty of applications, including random access memary,
non-volatile solid state memory, programmable iogic, signal processing control systems,

pattern recognition, and other applications.

Brier DESCRIPTION OF THE DRAWINGS

[0002]  The following detailed description references the drawings, wherein:
[0003] FIG. 1Ais a diagram of an example crossbar array with a photosensitive selector;

[0004] FIG. 1B is a diagram of an example crossbar array with multiple photosensitive

selectors;

[0005] FlG. 2 is a diagram of an example radiation source and a junction of a crossbar

array,; and

[G0061  FIG. 3is aflowchart of an example method for selecting an electrode of a crossbar

array.
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DeTaiED DESCRIPTION
[0007] Memristors are devices that may be used as components in a wide range of
electronic circuits, such as memories, switches, radio frequency circuits, and logic circuits
and systems. In a memory structure, a crossbar array of memory devices having memristors
may be used. When used as a basis for memory devices, memristors may be used to store
bits of information, 1 or 0. The resistance of a memristor may be changed by applying an
electrical stimulus, such as a voltage or a current, through the memvristor. Generally, at least
one channel may be formed that is capable of being switched between two states—one in
which the channel forms an electrically conductive path (*ON”) and one in which the channel
forms a less conductive path (*OFF”). In some other cases, conductive paths represent

“OFF” and less conductive paths represent “ON”.

[0008]  Using memristors in crossbar arrays may lead to read or write failure due to sneak
currents leaking through the memory cells that are not targeted—for example, cells on the
same row or column as a targeted cell. Failure may arise when the total current through the
circuit from an applied voltage is higher than the current through the targeted memristor due
to current sneaking through untargeted neighboring cells. As a result, effort has been spent
to investigate using a nonlinear selector coupled In series with each memrisior in order {o

ncrease the current-voltage (I-V) nonlinearity of each memory cell of a crossbar array.

[0009]  Selectors may increase the nonlinearity of the memory device which may help
mitigate sneak currents in the crossbar array. However, many proposed selector solutions
are triggered electronically. For example, these selectors may use an applied electrical
stimulus, such as a voltage, {0 be activated. Because memristors typically also use voltages
or currents for reading and writing, it may be challenging to optimize the addressing voltages

Of Curreris.

[0010] Examples disclosed herein provide for crossbar arrays with pholosensitive
selectors. In example implementations, a crossbar array may include a top electrode
coupled to a photosensitive selecior, a bottom electrode, and a junction coupled between
the top electrode and the bottom electrode. The photosensitive selector may have an

glectrical conductivity that changes in response to exposure {0 an electromagnetic radiation



WO 2017/138941 PCT/US2016/017450

3

(EMR), such as light. By using a photosensitive selector, junctions or groups of junctions
may be activated by selective ilumination of the EMR. Accordingly, the selection mechanism
of the junctions via EMR may be separated from the electrical operations of the crossbar
array. in this manner, example crossbar arrays may provide for reduced leakage currents,
which may promote the effective use of large crossbar arrays in such applications as

memaory, complex computations, accelerators, and many others.

[0011]  Referring now 1o the drawings, FIG. 1Ais a diagram of an example crossbar array
100 with a photosensitive selector 130, Crossbar array 100 may be a configuration of top
glectrodes 110 and botiom electrodes 120 with a junctions 140 coupled between the
electrodes at a cross-point. Photosensitive selector 130 may be coupled 1o top slectrode

110, and may control the electrical conductance of the top slectrode.

(00121 Top elecirode 110 may be an electrically conducting line that carries current or
other electrical stimuli to junction 140. Top electrode 110 may sometimes be referred to as
a bit line. Depending on orientation, top electrode 110 may alternatively be referred to as a
word line. Similarly, bottom electrode 120 may be a conducting line that connects an
opposite end of junction 140. Boltom electrode 120 may be referred to as a word line in
some conventions. it should be noted that the terms {op and bottom are merely for purposes

of clear description, and examples herein are not limited by such crientation.

(00131  In some examples, top electrode 110 and Bottom electrode 120 may be made of
conducting materials, such as platinum (Pt), tantalum (Ta), hamnium (Hf), zirconium (Zr),
aluminum (A, cobalt (Co), nickel (N1}, iron (Fe), niobium (Nb), molybdenum (Mo), fungsten
(W), copper (Cu), titanium (T1), tantalum nitrides (TaN,), titanium nitrides (TiNx), WN2, NbN,
MoN, TiSikz, TiSi, TisSis, TaSiz, WSiz, NbSk, Vi8I, electrically doped polycrystalline S,
electrically doped polycrystalline Ge, and combinations thereof. Top electrode 110 and

bottom electrode 120 may deliver voltage and current throughout crossbar array 100.

[0014]  As illustrated in the example of FIG. 1A, top eleclrode 110 may comprise a
photosensitive selector 130. Phoiosensitive selector 130 may be an electrical device that is
used to provide photosensitive properties for top electrode 110. For example, photosensitive

selector 130 may be a 2-terminal device or circuit element that has an adjustable resistance.
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[0015]  Photosensitive selector 130 may have an elecirical conductance that changes in
response (o exposure {0 an electromagnetic radiation (EMR). For example, photosensitive
selector 130 may include a semiconductor material with a bandgap that may be overcome
when the material is exposed to certain EMR. In some examples, photosensitive selector
130 may have a photosensitive material, such as CdS, PbS, GaN, GaAs, and SiC. Cther
suitable materials may include wide bandgap semiconductors such as Ga-doped ZnO, Al-
doped ZnQ, AIN, Sn0z, Inz02 GaAs, InP, InGaAs, and HgCdTe, and other photoresistive
materials such as CdSe, and ZnSe. When EMR of a certain wavelength or range of
wavelengths and of a certain intensity or range of intensities is lluminated on the
photosensitive selector, the semiconductor material may increase or decrease in electrical
conductance. In some examples, the EMR may induce localized heating or enhanced

elecirical fields that increase the elecirical conductance.

[0016]  Inthis manner, photosensitive selector 130 may, in some examples, have at least
two resistance states. For example, photosensitive selector 130 may have one default state,
and another resistance state when it is exposed to a certain EMR or EMR range. In some
axamples, a photosensitive selector may have more than two resistance states. In such
instances, the photosensitive selector may reach each resistance by the wavelength of the
EMR o which it is being exposed, the intensity of the EMR, or both. For example, a first
EMR range may cause a photosensitive salector 1o be in a first resistance state, a second
EMR range may cause the photosensitive selector {0 be in a second resistance state, and
so forth.

(00171 In some examples, photosensitive selector 130 may be coupled to a
nanoplasmonic antenna. Nanoplasmonic antennas may be devices that enhance photon
mtensity at a particular area. Nanoplasmonic may mean plasmonic behavior on a
nanoscale. For example, a nanoplasmonic antenna may focus the EMR on a particular area
in order o direct the EMR onto the pholosensitive selector. In some examples,
nanoplasmonic antennas may lower the minimum EMR intensity for inducing effects on the
photosensitive selector 130, More details of nanoplasmonic antennas are described below

it reference to FIG. 2.
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[G018]  Insome exampiles, photosensitive selector 130 may be coupled in series with top
electrode 110 such that photosensitive selector 130 may interrupt top electrode 110 so that
photosensitive selector 130 controls the electrical conductivity of top electrode 110, For
example, a less-conductive state of photosensitive selector 130 may be less conductive
than top electrode 110 so that the photosensitive selector 130 may inhibit an electrical path
through the corresponding top elecirode 110. When an appropriate EMR s illuminated,
photosensitive selector 130 may switch to a more conductive state, therefore facilitating an

glectrical path through the top electrode 110.

[0019]  Aliernatively or in addition, bottom elecirode 120 may have a photosensitive
selector 130 with an electrical conductivity that changes in response {0 exposure 1o the
EMR. In such examples, photosensitive selectors on the top electrodes and on the botiom

glectrodes may be operated together 10 precisely select junction 140 in the crossbar array.

(00207  In some examples as described herein, junction 140 may form the connection
between top elecirode 110 and bottom electrode 120. Junction 140 may include a memory
cell. A memory cell may be any device or element that stores digital data. For example,
memory cell may be volatile or nonvolatile memory. In some examples, a memory cell may
have a resistance that changes with an applied voltage or current. Furthermore, a memory
cell may *memorize” its last resistance. In this manner, a memory cell may be set to at least
two states. Such an array of a plurality of memory cells may, for example, be utilized in
nonvolatile resistive memory, such as random access memory (RRAM), or other

applications as described herein.

(00211 In some examples, memory cells may include memristors. Memrisiors may
provide the memory cells with the memristive properties described above. Memristors may
be based on a variety of materials. Memristors may be oxide-based, meaning that at least
a portion of the memristor is formed from an oude-containing material. Memristors may also
be nitride-based, meaning that at least a portion of the memrisior is formed from a nitride-
containing composition. Furthermore, memristors may be oxy-nitride based, meaning that a
portion of the memristor is formed from an oxide-containing material and that a portion of
the memristor is formed from a nitride-containing matenal. In some examples, memnstors

may be formed based on tantalum oxide (Ta0x) or hafhium oxide (HfOx compositions.
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Other example materials of memristors may include titanium oxide, yttrium oxide, niobium
oxide, zirconium oxide, aluminum oxide, calcium oxide, magnesium oxide, dysprosium
oxide, lanthanum oxide, silicon dioxide, or other like oxides. Further examples include
nitrides, such as aluminum nitride, galium nitride, tantalum nitnde, and silicon nitride. In
addition, other functioning materials may be employed in the practice of the teachings
herein. For example, memristors may have multiple layers that include electrodes and

dielectric materials.

[0022] In further examples, a memaory cell of junction 140 may include a nonlinear
selector. A nonlinear selector may be a Z-terminal device or circuit element that admits

current in an amount that depends non-linearly on the voltage applied across the terminals.

[0023] Nonlinear may describe a function that grows faster than a linear function. For
axample, this may mean that current flowing through a nonlinear selector increases faster
than linear growth with relation to applied voltage. For example, typical materials may follow
Ohim's law, where the current through them is proportional to the voltage. For a nonlinear
selector, as the voltage is increased, the current flowing through the selector may
disproportionately increase. As a result, the -V behavior in this voltage range may be highly

nonlinear.

(00247 In some implementations, a nonlinear selector may exhibit negative differential
resistance (NDR), which further adds to the nonlinearity. Negative differential resistance is
a property in which an increase in applied current may cause a dacrease in voltage across
the terminals, in certain current ranges. In some examples, negative differential resistance
may be a result of heating effects on certain selectors. in some examples, NDR effect may

further contribute to the nonlinearity of nonlinear selectors.

[0025] FlG. 1B is a diagram of an example crossbar array 150 with multiple
photosensitive selectors. Crossbar array 150 may be a configuration of top electrodes 110
and bottom electrodes 120 with junctions 140 coupled between the electrodes at ¢ross-
points. In some examples, top electrodes 110 are in paraliel with each other and
perpendicular to bottom electrodes 120, which may in turn be in paraliel to each other. For
example, each top electrode 110 may be arow line, and each bottom electrode 120 may be

a column line.
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[00267 A unction 140 may be coupled between each unigue combination of one top
electrode 110 and one bottom electrode 120. In other words, no junctions share both a top
glectrode and a bottom electrode. As used herein, components may be coupled by forming
an electrical connection between the components. For exampie, junclions 140 may be
coupled to the electrodes by forming a direct, surface contact or other forms of connection.
Crossbar array 150 may be used in a variety of applications, including in memristor

technologies described herein.

[00277  Top elecirodes 110 may be electrically conducting lines that carry current
throughout crossbar array 150, Top electrodes 110 may be in paraliel to sach other,
generally with equal spacing. Similarly, bottom electrodes 120 may be conducting lines that

run perpendicular to top electrodes 110.

{00287 Eachtop electrode 110 may be coupled to a plurality of photosensitive seleclors,
such as Hiustrated 130A and 1308. In the example illustrated in FIG. 18, each top electrode
110 may be coupled fo a first photosensitive selectors 130And a second pholtosensitive
selector 130B placed along the top electrode to divide the top electrode 110 into selectively
accessible portions. For example, illustrated in FiG. 1B, o access the two junctions 140A
towards the left side of a top electrode 110, an electromagnetic radiation (EMR) may activate
the left most photosensitive selector 130A. Alternatively, to access the two junctions 1408
towards the right side of the top electrode 110, the EMR may actlivate both photosensitive
selector 130A and 130B of the top electrode i, for example, an elecirical signal is driven the
left end of the top electrode 110. The two portions of the top electrode 110 may, for example,

be referred to as a first top electrode and a second top electrode.

[00291  Photosensitive selector 130 may be a 2-terminal device or circuit element that
has an adjustable resistance. Photosensitive selector 130 may have an electrical
conductance that changes in response to exposure to the EMR. For example,
photosensitive selectors 130 may include a semiconductor material with a bandgap that may
be overcome when the materal s exposed to certain EMR. When EMR of a certain
wavelength or range of wavelengths and of a certain intensity or range of intensities is

Hluminated on the photosensitive selector, the semiconductor material may increase or
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decrease in electrical conductance. In some exampies, the EMR may also induce localized

heating or enhanced electrical fields that increase the electrical conductance.

(00307  As explained previously in relation to FIG. 1A, photosensitive selector 130 may,
in some examples, have at least two resistance states. For example, photosensitive selector
130 may have one default state, and ancther resistance state when it is exposed (o a certain
EMR or EMR range. In some examples, a photosensitive selector may have more than two
resistance states. In such instances, the photosensitive selector may reach each resistance
by the wavelength of the EMR to which it is being exposed, the intensity of the EMR, or both.
For example, a first EMR range may cause a photosensitive selector to be in a first
resistance state, a second EMR range may cause the photosensitive selector to be in a

second resistance siate, and so forth.

(00311 In some examples, photosensitive selectors 130 may include nanoplasmonic
antennas. For example, a nanoplasmaonic antenna may focus the EMR on a particular area
in order to direct the EMR onio the photosensitive selector. In some examples,
nanoplasmonic antennas may lower the minimum EMR intensity for nducing effects on the

photosensitive selector 130.

[0032] In some examples, photosensitive selectors 130 may be coupled to top
glectrodes 110 such that each photosensitive selector 130 may interrupt a corresponding
top electrode 110 so that photosensitive selector 130 controls the electrical conductivity of
the top electrode 110. For example, a less-conductive state of photosensitive selector 130
may be less conductive than top electrode 110 so that the photosensitive selector 130 may
inhibit an electrical path through the corresponding top electrode 110. When an appropriate
EMR is lluminated, photosensitive selector 130 may switch to a more conductive state,

therefore facilitating an electrical path through the corresponding top electrode 110.

[0033]  As a result, access to particular junctions 140 may be controlled by selectively
Hiuminating particular photosensitive selectors 130A and 130B. For example, illuminating
the left-most photosensitive selector 130A on a top electrode 110 raises the conductivity of
the left-most photosensitive selector 130A so a current or other electrical stimulus may
access junctions 1404 coupled to the top electrode 110. However, because the right-most

photosensitive selector 130B is not activated, its high resistance pravents eleclrical access
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to the right-most two junctions 140B. As a result, the structure of crossbar array 150 and the
placement of photosensitive selectors 130A and 130B may aid in precise targeting of

particular junctions or mitigating such issues as sneak current.

(00347 Furthermore, as an alternative or addition, bottom electrodes 120 may also have
photosensitive selectors 130 to have an electrical conductivity that changes in response to
exposure to the EMR. In such examples, photosensitive selectors on the top electrodes and
on the boitom electrodes may be operated together o precisely select a particular junction

in the crossbar array.

[00351 Insome examples as described herein, each junction 140 may include a memory
cell. Memory celis may include memristors or other memory devices. In further examples,
memaory cells of jJunction 140 may include a nonlinear selector. A nonlinear selector may be
a 2-terminal device or circuit slement that admits current in an amount that depends non-

inearly on the voltage applied across the terminals.

[0036] FlG. 2 is a diagram of a radiation source 260 and a portion 200 of a crossbar
array. The junction of the array may include a top electrode 210 with a photosensitive
selector 230, a botiom electrode, and a junction that includes a memristor 240 and a
nonlinear selector 250. Photosensitive selector 230 may include a nanoplasmonic antenna
235 1o enhance the intensity of an electromagnetic radiation dluminating photosensitive

selector 230.

(00377  The crossbar array may be analogous to portions of crossbar array 100 of FIG.
1A and of crossbar array 150 of FIG. 18, For example, top electrode 210 may be analogous
to top electrode 110, and bottom electrode 220 may be analogous to botiom elecirode 120.
Top electrode 210 and bottom electrode 220 may be electrically conducting and may

conduct current to the junction.

(00387  Photosensitive selector 230 may be analogous to the photosensitive selectors
130 of FIG. 1A and 18, Photosensitive selector 230 may have an electrical conductance
that changes in response to exposure to an electromagnetic radiation, and may include a
wide bandgap semiconductor maternal Photosensitive selector 230 may mclude a

nanoplasmonic antenna 235,
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[0039] Nanoplasmonic antennas 235 may be tuned to be sensitive to certain EMR
ranges. For example, a nanoplasmonic antenna 235 may enhance the intensity of EMR of
a certain wavelength range. Another nanoplasmonic antenna 235 may enhance the infensity
of EMR of a different wavelength range. Accordingly, the nanoplasmonic antennas, and their
corresponding photosensitive selectors, may be selectively targeted by lluminating EMR of

varying wavelength ranges.

{00407 Inadetailled example, a simple 2x2 crossbar array may contain two top electrodes
210, where each iop electrode has a photosensitive selector 230 with a nanoplasmonic
antenna 235 that is sensitive {0 a different wavelength range. To target the junctions of a
particular top electrode 210 of the example array, an EMR in the wavelength range
associated with the nanoplasmonic antenna associated with the particular top electrode 210

can be used.

(0041} In ancther example, a photosensitive selector 210 may include multiple
nanoplasmonic antennae. For example, each nanoplasmonic antenna may be tuned {o be
sensitive to a different EMR range {o allow the photosensitive selector 230 {o be in a plurality
of states or resistance levels. When combined with the appropriate components, such as
certain memory cells, such examples may allow such crossbar array systems to be used in

different applications, such as for analog computing and computing accelerators.

(00421  Memristor 240 may behave similar {o the memory celis and memristors described
i relation to FIG. 1. Memristor 240 may have a resistance that changes with an applied
voltage or current. Furthermore, a memory cell may “memorize” its last resistance. In some
examples, as described previously, memristor 240 may be changeable to a plurality of

states.

[0043]  Nonlinear selector 250 may be analogous to the nonlinear selectors described in
relation to FIG. 1A and 1B. Nonlinear selector 250 may increase the nonlinearity of the
junction, further aiding in the selection of particular junctions. Examples of nonlinear

selectors include insulator-to-metal transition selectors and tunneling selectors.

[0044] Radiation source 260 may selectively illuminate the crossbar array with the

glectromagnetic radiation. In some examples, radiation source 260 may illuminate a portion
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of the crossbar array, where the portion may cover muitiple fop electrodes 210 with
photosensitive selectors 230, Alternatively, radiation source 260 may illuminate individual

photosensitive selectors 230

(004517 Radiation source 260 may be a variety of components, devices, or systems. For
example, radiation source 260 may include an array of light emitting dicdes. Alternatively for
example, radiation source 260 may include a grating delivery system coupled with imprinted
waveguides. In some examples, radiation source 260 may provide a plurality of EMR
ranges, including infrared, visible light, ultraviclet, etc. Furthermore, in some examples,

radiation source 260 may provide laser beams.

(00467  In some examples, as explained in relation to FIG. 1A and 18, bottom electrodes
220 may, as an alternative or addition, have photosensitive selectors. In such examples,
there may be an additional radiation source for lHluminating the photosensitive selectors of
the botiom electrodes 220, Allernatively, the crossbar array may be designed so that
radiation source 260 may be exploited for either or both of the photosensitive selectors of

the top electrodes and the photosensitive selectors of the bottom elecitrodes.

[00477  FIG. 3 is a flowchart of an example method 300 for selecting an electrode of &
crossbar array. Method 300 may include operation 310 for providing a crossbar array with
photosensitive selectors, and operation 320 for selectively illuminating a photosensitive
selector of the crossbar array with an electromagnetic radiation. Although execution of
method 300 is herein described in reference to crossbar array 200 of FIG. 2, other suitable
examples of method 300 should be apparent, including the examples provided in FIG. 1A
and 1B.

(00487  In an operation 310, the crossbar array of crossbar array 200 may be provided.
The crossbar array 200 may include a piurality of top electrodes 210, a plurality of bottom
glectrodes 220, and a plurality of junctions coupled between the top electrodes 210 and
botiom electrodes 220. Each top electrode 210 may include an optical selector 230, which
has an electrical conductance that changes in response o exposure to an electromagnetic
radiation (EMR). As illustrated in FIG. 2, each junction may include a memristor 240 and a

nonlinear selector 250. Photosensitive selector 230 may have a nanoplasmonic antenna
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235 to enhance the intensity of an electromagnetic radiation illuminating photosensitive

selector 230.

[0048]  After providing the crossbar array, in an operation 320, a photosensitive selector
230 of the crossbar array may be seleclively lluminated with the EMR to change the
glectrical conductance of the photosensitive selector 230 in the top electrode 210 of the
crossbar array being selected. For example, radiation source 260 may selectively direct a
portion of an LED array to emit EMR towards the photosensitive selector 230. Accordingly,
the sneak current issue may be limited to the portion of the crossbar array that is connected
o the top elecirode 210 having the photosensitive selector 230 liuminated with the EMR.
Alternatively, in some exampies, a group of photosensitive selectors 230 may be selectively
Hiuminated with the EMR to change the conductance of the photosensitive selector 230 at
the particular electrodes targeted. Such instances may be determined by the resolution of

the radiation source.

(00507 The foregoing describes a number of examples of crossbar arrays with
photosensitive selectors and their applications. it should be understood that the crossbar
arrays described herein may include additional components and that some of the
components described herein may be removed or modified without departing from the

scope of the crossbar arrays or their applications.

(00511 It should also be understood that the components depicted in the figures are
not drawn {0 scale, and thus, the components may have different relative sizes with
respect to each other than as shown in the figures. For purposes of explanation, certain
examples are described with reference {0 the components illustrated in FIGS. 1-3. All or part
of the functionality of lllustrated elements may co-exist or be distributed among several
geographically dispersed locations. Moreover, the disclosed examples may be implemented

i various environments and are not limited to the illustrated implemeantations.

[0052]  Further, the sequence of operations described in connection with FIGS. 1-3 are
axamples and are not intended o be limiting. Additional or fewer operations or combinations
of operations may be used or may vary without departing from the scope of the disclosed
examples. Furthermore, implementations consistent with the disclosed examples need not

parform the sequence of operations in any particular order. Thus, the present disclosure
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merely sets forth possible examples of implementations, and many variations and
modifications may be made to the described examples. All such modifications and variations
are intended to be included within the scope of this disclosure and protected by the following

claims.

(00531 |t should further be noted that, as used in this application and the appended
claims, the singular forms “a,” “an,” and “the” include plural elements unless the context

clearly dictates otherwise.
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CLamS

What is claimed is:

1. A crossbar array, comprising:

a top electrode coupled to a photosensitive selector, wherein the photosensitive
selector has an electrical conductivity that changes in response o exposure {0 an
electromagnetic radiation;

a bottom slecirode; and

a junction coupled between the top electrode and the bottom electrode.

2. The crossbar array of claim 1, wherein the pholosensitive selector is electrically
nsulating when the photosensitive selector is not exposed o the electromagnetic
radiation, and the photosensitive selector is electrically conducting when the

photosensitive selector is exposed 1o the electromagnetic radiation.

3. The crossbar array of claim 2, further comprising a second photosensitive selector
coupled to the {op electrode, a second top electrode coupled o the second photosensitive
selector, a second bottom electrode, and a second junction coupled between the second
top electrode and the second bottom electrode, wherein:

selectively exposing the photosensitive selecior to eleciromagnetic radiation forms
an electrical path to the junction; and

selectively exposing the photosensitive selector and the second photosensitive

selector to the electromagnetic radiation forms an elecirical path 1o the second junction.

4. The crossbar array of claim 1, further comprising a nanoplasmonic antenna

coupled to the photosensitive selector.

5. The crossbar array of claim 1, wherain each junction comprises a memaory cell.

8. The crossbar array of claim 5, wherein the memory cell comprises a nonlinear
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selector coupled in series with a memristor.

7. A crossbar memory array, comprising:

a plurality of top electrodes, wherein each top elecirode is coupled o at least one
photosensitive selector, wherein the photosensitive selector is electrically insulating when
the photosensitive selecior is not exposed o an eleciromagnetic radiation, and the
photosensitive selector is electrically conducting when the photosensitive selactor is
exposed to the electromagnetic radiation;

a plurality of bottom electrodes;

a junction coupled between each unigque combination of one top electrode and one
bottom electrode, wherein each junction comprises a memory cell, and

a radiation source o selectively expose the photosensitive selectors to the

glectromagnetic radiation.

8. The crossbar array of claim 7, wherein each bottom elecirode comprises at least
one second photosensitive selector coupled with the bottom electrode, wherein the
second photosensitive selector is electrically insulating when the second photosensitive
selector is not exposed to the electromagnetic radiation, and the second photosensitive
selector is electrically conducting when the second photosensitive selector is exposed to

the electromagnetic radiation.

9. The crossbar array of claim 7, further comprising a nanoplasmonic anienna

coupled to each photosensitive selector.

10.  The crossbar array of claim 7, wherein at least one of the plurality of top elecirodes
is coupled to at least two photosensitive selectors, wherein the at least two photosensitive
selectors are coupled along the top elecirode o divide the top electrode into selectively

accessible portions.

1.  The crossbar array of claim 10, wherein the at least two photosensitive selectors

coupled to the top elecirode are photosensitive to different ranges in an electromagnetic
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speactrum.

12. The crossbar array of claim 7, wherein the memory cell comprises a nonlinear

selector coupled in series with a memristor.

13. A method, comprising:

providing the crossbar array, wherein the crossbar array comprises a plurality of
top electrodes, a plurality of bottom electrodes, and a plurality of junclions, each junction
coupled between a unigue combination of one top electrode and one bottom electrode,
wherein each {op electrode is coupled to at least one photosensitive selector, wherein the
photosensitive selector has an electrical conductivity that changes in response o
gxposure to an electromagnetic radiation; and

selectively iluminating the photosensitive selectors with the electromagnstic

radiation o change the electrical conductivity of the photosensitive selectors.

14, The method of claim 13, wherein at least one of the plurality of top electrodes is
coupled to at least two photosensitive selectors, wherein the at least two photosensitive
selectors are coupled along the top elecirode o divide the top electrode into selectively
accessible portions, and wherein the at least two photosensitive selectors coupled to the

top electrode are photosensitive to different ranges in an electromagnetic spectrum.

15, The method of claim 13, wherein each photosensitive selector is coupled to a
nanoplasmonic antenna.
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