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BACKGROUND

10 Resistive random access memories may use a material capable of being

configured in one of two different resistive states to store information. When
configured in one of the resistive states, the material may have a high resistance
to electrical current. In contrast, when configured in the other resistive state,
the material may have a low resistance to electrical current. The resistive state
15  in which the material is configured may be changed using electrical signals. For
example, if the material is in a high-resistance state, the material may be
configured to be in a low-resistance state by applying a voltage across the
material,
The resistive state may be persistent. For example, once configured in a
20 resistive state, the material may stay in the resistive state even if neither a
current nor a voltage is applied to the material. Furthermore, the configuration
of the material may be repeatedly changéd from the high resistance state to the

low resistance state or from the low resistance state to the high resistance state.
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20 resistive state, the material may stay in the resistive state even
if neither_a current nor a voltage is applied to the-material.

Fur t her mor ¥ RS f | guration of the_nmaterial nay be r%%%@@?ﬁ/@?“n
changed fromthe high resistance staté to the | ow resistance state or
fromthe | ow resistance state to the high resistance state. WO
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Fig. 1 i BRAEFDH L QT PHRAVEINGSNt rel ati onships. Fig. 2
is chart illugtrating ot ol.tage/current relationships. Fig. 3 1is
a schematic |1§gﬁalr5nag‘fh8§p WXIEES}I%EY?&'%E&F'&”W 1@ atéor’ssill"n% tic di agram
of a menory deig. ceis dhiagt illstratidgsahenmasitegdtageameditiénsiepRry devi ce
illustrating a current. Fig. 6 is a schematic diagramof a nenory
devi ce il | ust¥& Pri§ aa%@ﬁéﬁlccfﬂﬁlgw of afpengy/c6Y1445PCT/ US2008/ 084422

3 DEFAI LED DESERURT.Qneh etRE fa EMBEMEEEY device.

Fig. 5 is a schematic diagram of a memory device illustrating a current.

Fig. 6 is a schematic diagram of a memory device illustrating another

current,
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Enbodi ments of the invention enconpass nenory cell operating nethods,
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| ow-resi stance state to a high-resistance. Accordingly,
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15  configuration of the bipolar memory material from a high-resistance state to a
low-resisiance state. Furthermore, a negative voltage applied across the bipolar-
memory material may change the configuration of the bipolar memory material
from a low-resistance state to a high-resistance state.

Alternatively, a negative voltage applied across the bipolar memory

20 material may change the configuration of the bipolar memory material from a
high-resistance state to a low-resistance state and a positive voltage applied
across the bipolar memory material may change the configuration of the bipolar
memory material from a low-resistance state to a high-resistance. Accordingly,
a bipolar memory material may be configured in a first resistive state using a

25  voltage having a first polarity and may be configured in a second resistive state
using a voltage having a polarity opposite that of the first polarity.

Examples of bipolar memory material include ionic conducting
chalcogenides, binary metal oxides, perovskite oxides, colossal
magnetoresistives, and polymers. Example ionic conducting chalcogenides that

30 may be used as bipolar memory material include GeS, GeSe and Ag or Cu-doped
GeS and GeSe. Example binary metal oxides that may be used as bipolar

memory material include HfOy, Nb;Os, AloO5, WOx, Tay0s5, TiOy, ZrO,, Cu,O,
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using a voltage having a polarity opposite that of the first
pol arity. Exanpl es of bipolar nenory material include-=ionic
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a chart 100 depicts e exanpl e of a relationship 102 between
vol tagesﬁ"g‘ﬁﬂﬁlgﬁ?‘ﬁbog%?‘%ﬁﬁ’f HRYYSRASHltially in a high-resistance

st at{g | Referring to Fig. 1, a chart 100 depicts one example of a relationship 102

between voltages applied to a memory element initially in a high-resistance state
and currents through the memory element resulting from the voltages. The
memory element may comprise one or more of the bipolar memory materials
described above. Chart 100 tllustrates that as voltages applied to the memory
15 clement increase from -0.6 V to 0.2 V, no current, or a negligible amount of
current, for example less than 1 micreo amp, flows through the memory element.
However, at a voltage substantially equal to a turn-on voltage 104, the memory
element begins conducting current. As the voltage across the memory element
is increased beyond turn-on voltage 104, the amount of current conducted by the
20 memory element increases with the voltage without current clamping. The
flattening of the current with voltage depicted in Fig. 1 results from current
clamping of a measurement circuit.
Thus, chart 100 illustrates a change in the resistive state of the memory
element. Initially, the memory element is in a high-resistance state as evidenced
25 by the fact that the memory clement does not conduct current or conducts a
negligible amount of current when voltages smaller than the turn-on voltage are
applied to the memory element. In this high-resistance state, the memory
element may have a resistance of about or above 10° ohms. However, once a
voltage greater than or equal to turn-on voltage 104 is applied to the memory
30 element, the memory element configures itself in a low-resistance state as

evidenced by the fact that the memory element begins conducting current. In
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and currents through the nenory el ement resulting fromthe voltages.
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subst antiHPFYt oA ns FROSIARHANY 2851 ts from current cl amping of a
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increases with voltage As the voltage i s decreased beIOM/about 0. 25
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memory element, the memory element configures itself in the high-resistance
state described above as evidenced by the fact that the memory element stops
conducting current or conducts only a negligible amount of current.

25 In some cases, once configured in the high-resistance state, the memory
element may remain in the high-resistance state as long as a voltage greater than
or equal to turn-on voltage 104 is not applied to the memory element. The
memory element may remain in the high-resistance state even if no voltage is
applied to the memofy element. Accordingly, the high-resistance state of the

30 memory element may be described as non-volatile since the high-resistance state
might not change over time as long as a voltage greater than or equal to turn-on

voltage 104 is not applied to the memory element.
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current through the nmenory elenent is substantially zero. As the

voltage is_15 further decreased below the turn-off volt the -
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equal to turn-off voltage 204 is not applied to the nenory el enent.

In fact,in e lostrbesjstaneerstte. mbiirthermipre. ithe rhestivgstag o thaaemerat e
even I f DRment may be repeatedly changed over time. Accordingly, the memory

15 element may be in the high-resistance state representing a bit value of “0” at onc
moment in time and the memory element may be in a low-resistance state
representing a bit value of “1” at another moment in time. Similarly, the
representation of bit value with resistance states can be the opposite of that
described above.

20 Referring to Fig. 3, a memory cell 300 is illustrated. Memory cell 300
includes a memory element 302 having electrodes 306 and 304. Memory
element 302 may comprise a bipolar memory material such as one or more of the
bipolar memory materials discussed above. Memory cell 300 also includes a
wordline 308 and two bitlines 314 and 316. Electrode 304 of memory element

25 302 is connected to a wordline 308.

Bitline 314 may be selectively electrically connected to memory element
302. For example, a diode 310 may be connected to bitline 314 and to electrode
306. When diode 310 is forward biased (e.g., forward biased beyond a cut-in
voltage of diode 310), diode 310 -may conduct current from bitline 314 to

30 mémory element 302, thereby electrically connecting bitline 314 to memory
element 302. In contrast, when diode 310 is not forward biased (e.g., when

diode 310 is reverse biased), diode 310 may hinder current from flowing from
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transistor in place of diode 312. When turned on, the first transistor may allow
current to flow between bitline 314 and memory element 302, electrically
connecting bitline 314 and memory element 302. When turned off, the first

20  transistor may hinder current from flowing between bitline 314 and memory
element 302 thereby electrically disconnecting bitline 314 and memory element
302.

Similarly, the second transistor may selectively electrically connect

memory element 302 to bitline 316. Devices other than diodes or transistors
25 may alternatively be used to selectively electrically connect memory element
302 to bitlines 314 and 316.

Memory cell 300 may store a bit of information via a resistive state of
memory element 302, In one configuration, the bit may have a value of “0” ora
value of “1.” For example? according to one convention, if memory element 302

30 isin a high-resistance state, the value of the bit stored by memory cell 300 may
be “0” and if memory element 302 is in a low-resistance state, the value of the

bit stored by memory cell 300 may be “1.” Of course, a convention in which a
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second transistor nay se Yy~ connect
reverse biased. The second voltage may be lower than a breakdown voltage of

diode 310. In some cases, the first voltage and the second voltage may be
15  substantially the same voltage.

If memory element 302 is configured in a low-resistance state, current
may flow from wordline 308 through memory element 302 and forward-biased
diode 312 to bitline 316. Based on the current, a memory device comprising
memory cell 300 may determine that memory element 302 is in a low-resistance

20  state and therefore the value stored by memory cell 300 is a “1.” For example,
the memory device may compare the current on bitline 316 with a reference
current or the memory device may use the current on bitline 316 to create a
voltage and may then compare the voltage with a reference voltage.

In contrast, if memory element 302 is configured in a high-resistance

25  state, memory element 302 may hinder current from flowing from wordline 308
through memory element 302 and forward-biased diode 312 to bitline 316.
Alternatively, memory element 302 may restrict an amount of current flowing
from wordline 308 throﬁgh memory element 302 and forward-biased diode 312
to bitline 316 to a negligible amount of current that may be clearly distinguished

30 from an amount of current allowed to flow when memory element 302 is in the
low-resistance state. Based on the lack of current, or the very small amount of

current, the memory device comprising memory cell 300 may determine that
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15  substantially the same voltage.

If memory element 302 is configured in a low-resistance state, current
may flow from bitline 314 through forward-biased diode 310 and memory
element 302 to wordline 308. Based on the current on wordline 308, a memory
device comprising memory cell 300 may determine that memory element 302 is

20  in a low-resistance state and therefore the value stored by memory cell 300 is a
«p »

In contrast, if memory element 302 is configured in a high-resistance
state, memory element 302 may hinder current from flowing from bitline 314
through forward-biased diode 310 and memory element 302 to wordline 308.

25  Alternatively, memory element 302 may restrict an amount of current flowing
from bitline 314 through forward-biased diode 310 and memory element 302 to
wordline 308 to a negligible amount that may be clearly distinguished from an
amount of current allowed to flow when memory element 302 is in the low-
resistance state. Based on the lack of current, or the very small amount of

30  current, the memory device comprising memory cell 300 may determine that

- memory element 302 is in the high-resistance state and therefore the valne

stored by memory cell 300 is a “0.”
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A second positive voltage may be applied simultaneously with the first
voltage. The second positive voltage may be applied between bitline 316 and

15  wordline 308 so that bitline 316 is at a higher potential than wordline 308 and so
that diode 312 is reverse biased. The second voltage may hinder current from
flowing from bitline 314 to bitline 316. The second voltage may be lower than a
breakdown voltage of diode 312.

The first voltage may result from a first voltage pulse and the second

20 voltage may result from a second voltage pulse. In some cases, the first voltage
and the second voltage may be substantially the same voltage.

Alternatively, a bit value of “0” may be written to memory cell 300. To
write a bit value of “0” to memory cell 300, a first positive voltage may be
applied between wordline 308 and bitline 316 so that wordline 308 is at a higher

25 potential than bitline 316 and so that diode 312 is forward biased. The first
positive voltage may be greater than a sum of the cut-in voltage of diode 312
and the turn-off voltage of memory element 302. If memory element 302 is in a
low-resistance state, the first voltage (or a current resulting from the first
voltage) may re-configure memory element 302 to be in a high-resistance state.

30 If memory element 302 is already in a high-resistance state, memory element

302 may remain in the high-resistance state. Consequently, due to the first
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memory element 302 may be said to preserve a bit value in a non-volatile
manner. Accordingly, memory cell 300 may store a bit of information without

20 having to be frequently refreshed or memory cell 300 may be refreshed at a rate

lower than a rate vsed to refresh a volatile memory cell.

Referring to Fig. 4, a schematic diagram 400 of a portion of a memory
device is illustrated. The memory device includes memory cell 300 as well as
additional memory cells 402, 404, 406, 408, 410, 412, 414, and 416. The

25 memory device may store a plurality of bits. For example, the memory device
may store one bit in each memory cell of the memory device.

The memory cells of the memory device may be arranged to share bitlines
and wordlines. In diagram 400, memory cells 402, 408, and 412 share wordline
418; memory cells 404, 300, and 414 share wordline 308; and memory cells 406,

30 410, and 416 share \;vordline 420. Furthermore, in diagram 400, memory cells

402, 404, and 406 share bitlines 424 and 426; memory cells 408, 300, and 410
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hi gh- r est ediimee3 05t ag @ as described above in relation to Fig. 3.

It may be desirable to ensure that values stored by memory cells 402, 404,
20 406, 408, 410, 412, 414, and 416 are not disturbed while writing or reading
memory cell 300. To avoid disturbances, bitlines and wordlines of the memory
device may be configured with particular voltages.
For example, when writing a “1” into memory cell 300, bitlines 314 and
316 may be at a higher potential than wordline 308. Since memory cells 408
25 and 410 are also connected to bitlines 314 and 316, wordlines 418 and 420 may
be configured to be at substantially the same potential as bitlines 314 and 316 to
hinder current from flowing from bitline 314 and/or bitline 316 to wordline 418
and/or wordline 420.
Furthermore, it may be desirable to hinder currents from flowing from
30 memory cells 404 and 414 onto wordline 308 so that a current on wordline 3038
may be correctly attributed to memory cell 300. To do so, bitlines 424 and 428

may be configured to be at substantially the same potential as wordline 308 to



30 If nmenory elenent 302 is already in a high-resistance state,
menory el ement 302 may remain in the high-resistance state.
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vol tage, nenory el enent 302 nay be coﬁ’figured in a high-resistance
state corresponding with a bit value of "0." A second positive
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subst antthedigh memaamell$14 sgeordline 308he net hods of witing a "0"
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ond ve1 109 By pSaTR, 5 o SRR EY, BEGSRSRIFRL Yo 3P 8T8 A0k,
menory ehdn®erg (i3€2 nisyotiecdl- 402 ,t409) U2 agd 4heFendebdedfifigured to hinder
consumption of current. For example, bitlines 424 and 426 and wordlines 418

10 and 420 may be configured with voltages causing the diodes of memory cells
402 and 406 to be reverse biased. Similarly, bitlines 428 and 430 and wordlines
418 and 420 may be configured with voltages causing the diodes of memory
cells 412 and 416 to be reverse biased.

Referring to Fig. 6, a schematic diagram 600 illustrating a configuration

15 of the memory device of Fig. 4 is illustrated. The configuration may be used to
write a bit value of “0” to memory cell 300 or to read a bit of information from
memory cell 300. According to the configuration, a first positive voltage is
applied across wordline 308 and bitline 316. A second positive voltage is
applied across wordline 308 and bitline 314. Consequently, a current may flow

20 from wordline 308 through memory cell 300 to bitline 316 as indicated by arrow
602 and as was described above in relation to Fig. 3. If the first voltage is
greater than a sum of the cut-in voltage of diode 312 and the turn-off voltage of
memory element 302, a “0” may be written to memory cell 300 as was described
above in relation to Fig. 3.

25 Alternatively, if the first voltage is greater than the cut-in voltage of
diode 312 but less than a sum of the cut-in voltage of diode and the turn-off
voltage of memory element 302, the memory device may determine the value of
a bit stored by memory cell 300 based on a current flowing from wordline 308
to bitline 316 as was described above in relation to Fig. 3.

30 It may be desirable to ensure that values stored by memory cells 402, 404,
406, 408, 410, 412, 414, and 416 are not disturbed while writing or reading
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may 16l oWower potential than wordline 308 so that current is hindered from flowing from
bitline 424 to wordline 308 through memory cell 404 and from bitline 428 to
wordline 308 through memory cell 414.

Other memory cells not connected to either wordline 308 or bitlines 314

and 316 (i.e., memory cells 402, 406, 412, and 416) may be configured to hinder
20 consumption of current as is illustrated in Fig. 6. For example, bitlines 424 and

428 may be configured at the same potential as wordlines 418 and 420 to hinder

current from flowing through left-hand diodes of memory cells 402, 406, 412,

and 416. Furthermore, bitlines 426 and 430 and wordlines 418 and 420 may be

configured to reverse bias right-hand diodes of memory cells 402, 406, 412, and
25 416.

The above discussion has assumed that memory element 302 is configured
so that memory element 302 changes to a low-resistance state when a voltage
greater than the turn-on voltage of memory element 302 is applied between
electrodes 306 and 304 so that electrode 306 is at a higher potential than

30 celectrode 304. Similarly, the above discussion has assumed that memory

element 302 changes to a high-resistance state when a voltage greater than the
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vol t age of diode 310 and the turn-on Pol tage of nenory el enent 302, a
"1" may be witten to nenory cell 300 as was descri bed above in
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2009109]14'45PC£‘/, La!sszva(f)a%sr/n%rslﬁgggd :!igove, memory devices may be constructed based
15  on an understanding that the high-resistance state of memory element 302
corresponds to a bit value of “1” and that the low-resistance state of memory
element 302 corresponds to a bit value of “0” without changing the principles of
writing and reading memeory cell 300.
The above discussion has referred to a memory element having a high
20 resistance state and a low resistance state. However, in some embodiments of
the invention, a memory element may be configurable in more than two different
resistive states. Such a memory clement may store more than one bit of
information and may be used in 2 memory cell such as memory cell 300. Each
of a plurality of different programming voltages may correspond to a different
25 one of a plurality of different resistive states of the memory element.

The methods of programming memory cell 300 described above may be
adapted to program a memory element having more than one resistive state by
applying one of the plurality of programming voltages to the memory element in
order to configure the memory element in the resistive state corresponding to

30 the applied programming voltage. Furthermore, the methods of reading memory

cell 300 described above may be adapted to read the memory element by

comparing a current resuiting from a voltage applied to the memory element to a



hi nder current fromflowing frombitline 424 to wordline 308 via
menory cell 404 and to hinder current fromflowng frombitline 428
to wordl i nOFPLYSnenory cell 414. In addition, bitliReYU329e8/984ip2
430 may be configured at a higher pot@%tial t han wordline 308 so that
current is hindered fromflowing from5 bitline 426 through nmenory
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exanple, bitlines 424 and 426 and wordlines 418 10 and 420 may be
configured with voltages causing the di odes of nenory cells 402 and
406 to be reverse biased. Simlarly, bitlines 428 and 430 and
wordl i nes 418 and 420 may be configured with voltages causing the

di odes of nenory cells 412 and 416 to be reverse biased. Referring to
Fig. 6, a schematic diagram 600 illustrating a configuration 15 of
the nenory device of Fig. 4 is illustrated. The configuration may be
used to wite a bit value of "0" to nenory cell 300 or to read a bit
of information frommenory cell 300. According to the configuration
a first positive voltage is applied across wordline 308 and bitline
316. A second positive voltage is applied across wordline 308 and
bitline 314. Consequently, a current may flow 20 from wordline 308

t hrough nenory cell 300 to bitline 316 as indicated by arrow 602 and
as was descri bed above in relation to Fig. 3. If the first voltage is
greater than a sumof the cut-in voltage of diode 312 and the
turn-of f voltage of nenory elenent 302, a "0" may be witten to
menory cell 300 as was described above in relation to Fig. 3.
25AIternatively, if the first voltage is greater than the cut-in

vol tage of diode 312 but less than a sumof the cut-in voltage of

di ode and the turn-off voltage of nenory el ement 302, the nenory
device may determ ne the value of a bit stored by nenory cell 300
based on a current flowng fromwordline 308 to bitline 316 as was
descri bed above in relation to Fig. 3. 30lt may be desirable to
ensure that values stored by nmenory cells 402, 404,
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406, 408, 410, 412, 414, and 416 are not disturbed while witing or
reading WO 2009/ 091445PCT/ US2008/ 084422 14 menory cell 300. To avoid
di sturbances, bitlines and wordlines of the nenory device nay be
configured with particular voltages. 17 For exanple, when witing
a "0" into nmenory cell 300, bitlines 314 and 316 nmay be at a | ower
potential than wordline 308. Since nmenory cells 408 and 5 410 are

al so connglgined to bitlines 314 and 316, wordlines 418 and 420 may be
configured to be at substantially the sanme potential as bitlines 314
and 316 to hinder current fromflow ng fromwordline 418 and/ or

wor dl i ne 420 thombinetyicelbcodipdsiand/rordlipe;tal firstbitlBEca sehandbitbreneide, mintoryray

be d |

oo vl Aot e AR LA 10N gl 00D
conf i gur éutlingand o the sesersidtting, ﬂalmeymmdfn@amorp@urémamn asa Reltiicisne 0@08
to hi “derthé%'rl&ﬁ&?Elexﬁlérﬁ%ﬁe!réi’ﬂ\ﬂhé‘gleﬁlw%lm QAﬂgﬂl%d %%n@e? tﬁ%‘r&sﬁs‘tﬁ?@stﬁ@@fﬂ(& 38

menory cell 404 and to hinder current fromflow ng fromwordline
to bitli recmpepelgment wig gdrsy cwreent flapiug frqnythy §est blrlwﬁﬂlr%igb fhe egronyelenertto 428

may be cond LaufiRAndls confibarel BYEhvYMARGLHRL sthib BALNREMY e@ma%msa@eéohat
current is hindered fromflow ng frombitline 424 to word|ine 308

t hr ough rfsfg flowig fromabe werdlineyayahithq mereervglemeng toths WrmAEIESE t hr ough
menory cell 414. Q her nmenory cells not connected to either
wordline 308 aor bitline 14 and 316 cells 4 4

412, and %16) TajPepeEshel mddvhersit fh%&@wownﬁgﬁéﬁwﬁww B! TSEQ}?‘?%é'H‘i‘
as :c S i | lauséchatiede; itHe nfengry ﬁemelﬁomn@xlmlfgm elbétiodé b@gectkddo msﬂrséﬁﬁmmy be
con |gure al as, wor 0.to r
ot ot PR Ra TrRah R b v B et SRESergr SRt ertel Putdha®
406, 412,theawetddkitbandfue rhédneiryrele@ent hletelcmmﬂty cdidectedhic tlib&ﬁstapnhhamn’tﬁé fines
418 and 4c12 cr %}é‘égﬁe gﬁg(ﬂoﬁg orwaré Qlaseg elect}rlcaﬁy I’dfs ecpeg%%mqheotd rgtsth

menory ce
when the first diode 1s not forward blased and the memory element is electrically connected to

the second bitline via the second diode when the second diode is forward biased and is

electrically disconnected from the second bitline when the second diode is not forward biased.

3. The memory cell of claim 1 wherein the memory element comprises at least one of an
ionic conducting chalcogenide, a binary metal oxide, a perovskite oxide, a colossal

magnetoresistive, or a polymer.

4, The memory cell of claim 1 wherein the memory element is configured to store the

information in a non-velatile manner in the absence of a voltage or a current.

5. The memory cell of claim 1 further comprising; a first diode connecting the first bitline to
the memory element, the first diode being configured to conduct the first current when the first
diode is forward biased; and a second diode connecting the second bitline to the memory element,
the second diode being configured to conduct the second current when the second diode is

forward biased.
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25 416. The above di scussi on has assuned that nmenory el enent 302
is configured so that nmenory el enent 302 changes to a | owresistance
state when a voltage greater than the turn-on voltage of nenory

el enent 302 is applied between el ectrqdes 306 and 304 so that

el ectrode 306 is at a higher potential than 30 el ectrode 304.
Simlarly, the above discussion has assuned that nenory el ement 302
changes to a h| gh-resi stance state when a voltage greater than the

T U e A DT
at a |g 1 angd keco 1e4s a 0 ment, the en reectrically
el ement 300, JRY (e &z&‘d%%‘ﬁ&l se?&ufé“ﬁéle%m Yonfidefe J}Be ﬁQ?anﬁ Q&B&f@ﬂ%& a

hlgh resi stance state en a trage reater t ant e tu
vol t age ofsingghreonemosy derpsnt, sRO2S mﬁmagpmvedl fsd repisbve stateead thregurewrBedenatid

304 so thab fbaGhd 9&1%g§£&§osk fhe 3dcofl lﬁﬂhﬂé‘ﬁ{d ﬂ&%cﬁﬁﬁde %He&:b@ﬂa e%l:t%%&lfyOde

304. In this configuration, nenory el enent may chan
| owe r esi stisgAensctsheseeond pidine fropghe mepeory Plé@?@fanti W@we@ Yokrge gapss Hige

of menor ys&luaiRnd % osd1AP Prdca ek t@%fe&ﬁ@an? L&imtd @eRst Bldthed@le 3RR0S0 t hat
el ectrode 304 is at a hlgher potential than 10el ectrode 306.

Fur t her nof@nent 3d togsgiereihe mgrenySsimealdn a ddigrrairesaid resistiveistte. e dirsbiding e

state of yYERRREYhiGlee pREHIaRH tﬁ@ﬁrélﬁﬁ@%ﬂﬁﬁ thOapplytigtof Wlsétendfolia. and
that a |l owresistance state of nenory el enent 302 corresponds to a

bit value of "1." However, as was nentioned above, nenory devices may
be const ruct edrHeanedd dfcla cabrten eteipsikiagdrdgiddefirstidivde Bongbetddas b stsanc e

state of enent orre n 1o a t va "1"

That t he ToTRIcE ety dPar e REAB §ubF ahutiresusi ot Pl Bty

bit val uehofirst'dctrodetdfi it tmeatogndgnmegt inld@o the seaaiddlitise, ok sewond diod baing

readi ng gt ersre%lageed due %qge first voltage and the first voltage being less than a breakdown voltage of
the second diode; and wherein: a second electrode of the memory element is connected to the
wordline; the memory element is highly conductive of current between the second electrode and
the first electrode when the memory element is in the first resistive state; and the memory element
is highly resistive of current between the second electrode and the first electrode when the

memory element is in the second resistive state.

8. The methed of claim 7 wherein the applied second voltage is greater than a sum of a turn-

off voltage of the memory element and a cut-in voltage of the first diode.

9. The method of claim 6 wherein the applied first voltage is substantially the same as the

applied second voltage.

10. The method of claim 6 further comprising subsequent to the applying of the first voltage
and the applying of the second voltage: applying a third voltage across the first bitline and the
wordline effective to electrically disconnect the first bitline from the memory element; and
applying a fourth voltage across the wordline and the second bitline effective to electrically
connect the second bitline to the memory element and to configure the memory element in the

first resistive state.
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The above discussion has referred to a nenory el ement having a high
20 resistance state and a | ow resistance state. However, in sonre
enbodi nents of the invention, a nenory el enment may be configurable in
nore than two different resistive statjgs. Such a nenory el enent nmay
store nore than one bit of information and nay be used in a nmenory
cell such as nenory cell 300. Each of a plurality of different
progranmming voltcaged obyaima0meseinik dpplial thitd foltbgeris suBSandinldy ¢ satne as the

pl ural i ty, ofle df‘othvoﬁnt resistive states of the nenory el enent.

The et hots df prog r 3T ng menory cell 300 described above nay be
adapted to pr ogr ama nmenory el enment having nore than one resistive

tate b I f ] to th
remory. ol Sroni tamngel e A bl SRR b RR < 0 11
resi sti vevgtlateefinsiomd espoiiling. and a@@ntoneelalmat ¢lestticplhompneaeteil igthe whidhnge .
Fur t her no nfl sel ﬁ@aﬁ@l&&@&iﬁ% QJnnéc?eQI% fnd FFE'?EH%X%)SE |31|t11n§§) %e%ﬁﬁw é?&gen%%\ée

may beaapte to're e nenory I'ng a‘curr
resul ti nglifposshtabsssleetiigly calpfmureéal any of heluwbw 91f@leetrreemtwq ghates; ammng a

2009/ 09 1%&@1@@%&9&/ 1R84St A e %@d ﬂHL lesta{;ﬂh;lé( ef@ictns;i:I b E]@&ﬁml%' Eh@éoﬁﬁe%pt‘ﬁ@ first

currents to determ ne in which plurality of ferent
resi sti vebidingfrem thefgemepngieneng é}elworfgmé Beirg 4d b@&er potentiatihan thg firsy bitlige

NMENDIY  Ceduking MBI FhSEE thedirWb il okNBplvidg b lsécsﬁd Withdel aBRss tRe HEHRGUNnd the
bitline; and a nmenpry. el enent el ec?rl cal connected to the vvordl i ne

and sel ecerRpd pijting eéfe'itw oSy 2 CFRRb ooy ffoéﬁ the, oydfipegthropgh the memopy glemgnt

t he second tistdohdBitink@d Bﬁ@@éxyth@&ﬁ‘féﬁtnaetﬁﬁlﬁﬁﬂgﬂ&t tRhemEBtdaRnMsa a
resistive s%ate of the menory n.the menmory cell is

conf i gur @ HBTEGAG BYIHRS 0Py léetﬂl‘{fgﬁ%?%dt‘ eri’ﬂ* ret“ﬁ%"er?@%ry el enent via a

first current flowing fromthe first b|t||ne through t he nenory

Ctate of The nBROFBPCHERL 2Pl LoBBRCEIRPERE PHbboRg Frbee

wor dl i ne sdtesasigbnciated mmalyeeﬂadamﬁﬁnfmrmandie second bitline.

14. The method of claim 12 wherein the memory element is disposed to be selectively

configured in either a high resistance state or a low resistance state.

15. The method of claim 12 further comprising: providing a first diode connected to a first
electrode of the memory element and to the first bitline; and providing a second diode connected
to the first electrode of the memory element and to the second bitline; wherein the applied second
voltage is greater than a cut-in voltage of the second diode but less than a sum of the cut-in
voltage of the second diode and a turn-off voltage of the memory element and the memory

element comprises a second electrode connected to the wordline.

16. The method of claim 12 wherein the determining comprises comparing the current to a

reference current,

17. The method of claim 12 wherein the determining comprises determining that the current

is very small or immeasurable and that the memory element is in a high resistance state.
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2. The nmenory cell of claim1l wherein: the nmenory cell further
conprises a first diode and a second diode; the nenory el enent -
conprises a first electrode connected to the first bitline via the
first diode and to the second bitlineogia the second di ode and a
second el ectrode connected to the wordline; and the nenory elenent is
electrically connected to the first bitline via the first di ode when
the first diode is formard biased and is eIectricaIIy disconnected
fromthefslrst bitli f f’ﬂ ?E‘ dI

and the nenory" erEEn "“’e cogp ”s‘ f‘c‘é ‘mSOanSﬁ%"é' B a‘i’%m"‘% BN
bitline wdigpotekieo lssescbctd/edlaodevmun coﬂfgusenmmd ofiiwo cigfferent ifeslstmsldtehlaa'ssed
and is el se wh

cecond di ((ﬁ;g ecbﬁ:n%ctkr% %f?r&%ﬂ@neeqs ggrs élgc%)gaé.'& IRe nﬁ%rgér}uin# g%ecfom? :F}od

wher ei n  tdvenavemathyseedrdrpilne tcdlﬁrﬁrat slesgtrode Oﬂﬂeeamtmcwnelemént,aindﬂwmdbne
Conauct | Mgk 6AARKM oo ibeD bR ol o] e, @ perovskite oxide, a
col ossal magnetoresistive . The nmenory cell of claim
1 wherein the nmenory elenent is conflgured to store the information

in a non- ol atfye@e AR Chaink [ $H{Mei RS GRE G is @onﬁgdréﬁg%oﬁhct%u&éhﬁ ﬁ@lﬂtthe
5. The nepory cell of claim1 further conprising first diode

connect i nl‘é}sttbﬁbmrtp thetfirg ieleptiode when thmférsfrﬁé?ﬁﬁrlﬁ/foewaeﬂewed andiis segand diods 9de
bei ng confohSkk&do EehatQREHRE frd Brefikdt SlbctRUE &I e BitltR hEd the tecBdQESIC S
forward bi ased; and a second di ode connecting the second bitline to

t he nennﬂ?‘EW@ﬁéﬁF the second di ode being configured to conduct the
second current when the second diode is forward biased. 18 6. A

menory ce I p rannl od CO risin rovidi.n menory cel
Compr 1 s - 2" VSRR aRe Sl S et SR msmer ek reup i n s Hamoy g et
el enent théﬂﬁoﬂﬁﬁmﬁmpﬁéeeﬁrﬁnt wiilﬁhm:garﬂltl&ﬁhd’mcﬂﬁﬂdvyzemma&mh@ﬂseh Q skdoad

wordline and s Iect|ve | I conne cte the f an
second bi THTRESERaL G HHE DR el rEREPICOaPRHG et RS TERY: o
first resesttivegatsg; atsce:om.’r wirtignerenmpenyd elasemend ¢learpid ofitiegeend inesbryvol t age
across th I I f £ trically
di sconnect en?ﬁg]gggh gféi 21 na. Qri%rc"i‘éh%e&% \ﬁ? ﬁ%l fr’%gﬁ% f%ifj iy e}ég'f()dg Ogthgg OI}dy| ng a
second vohtgeeclaweswod b frarth diods cophdcted hetwagndhe sweonvkbrthﬂel apethefifseeledtipde t 0
el ectricalgy s&%ﬂ@ﬁﬁﬁmgQEnEHrSt bitline to the nmenory elenment and to
configure t e menory élenent in a different second resistive state,
the first bitline being at a higher potential than the wordline

during thg appigigbdcedr clrammwm}! %ﬁ@i@%ewcg is coﬂﬁ%urg@{oh&)(flvé}fth&jeﬁétﬁb 6

further conprising: providing a first diiode connected to a first

el ect r odeStaF oftheirprapagiopy demesteyit 2 Arsteurigntdiowing;frogt thefissy wedline grrepghdheng a

second di ﬁ&&%éﬁ%ﬂj@&ﬁ&dto&ﬁk deba binimst an@ heed: a%'&n&) Euﬁehﬁrdﬁ?ﬂ%i{g e RNt
and to the second bitline, the second di ode bei ng reverse bi ased due

to the fi¥epdygrdigbroushhe prsond merory grmenl heseryd bikine whils fhe gesistive
br eak downstarOd i stOeniobee] GRAOIB Peiflg Qﬂ&eye@ﬂﬂth%ﬁf@hﬁnt a second

el ectrode of the nenory elenent is connected to the wordline; the
menory el ement is highly conductive of current between the second
el ect r ode2zand Thadefi¢eroftlaiad m&ﬁemmmo@mlmmnﬁgﬁemng'eshd sidtive

first resj t|ve tate r eIe stive of
current B&l Wefetne fff?{é“eé@&"o%‘a“& ‘8%?5%5 CX% ed”’ n?ll ??P bi lln%g’fd;tgdgem\men t he
menory elwemdint; dand hmcleltahecosémjtage retmdes theVfest bitlate@nd th8 secddevandiinh Gidmof
claim?7 th | r um.of, a
f ur nof f Y/%?x%g%&r}he rfeﬁitﬁg 9[ te %fi thg ?e%t? rd n?or); fﬁ%ﬁ anlt ?:I}Llll tﬁf@ﬁrgt vo[tegg ‘t%]m aﬁ%hed
first di ogbveen Qleﬂiﬁhetlmemrdideﬁtfst\cdréhnm 6 wherein the appl ied first
voltage is substantially the sanme as the applied second voltage. 10.
The met hod of claim®6 further conprising subsequent to the applying
of the first voltage and the applying of the second voltage: applying
a third voltage across the first bitline and the wordline effective



11. The method of claim 10 wherein the applied third voltage is
substantially the same as the applied fourth voltage. 12. A nenory =
cell reading nmethod conprising: providing a nenory cell conprising a
wordline, first and second bitlines, apd a nmenory el enent
electrically connected to the wordline and selectively electrically
connected to the first and second bitlines, the nenory el enent being
di sposed to be sel ectively configured in any of a pIuraIity of

different,resisti.ve st fi.r

bordri e Zha. (R oFTeSt M 13 IR R Rontbtody B EFRT OB o

t he fir stcobndcletl methé wondiitd, the fteselegrodd Eienhsmdrveemont dldlrnalybamngechm aa

hi gher po i ri-n i f

first vol rgtlyiecé&e OF%E ﬁ'fstggloge 5?&0%\9"\/6?)% %nl)]& OngC [ﬁésgglto{i'%la QQV\%P%%@%EGC%& ﬁ%@?he
second bi ﬁl’su hrtbn@ﬂieéw plﬂeroﬂmﬁimgn@[y clsmnm mtdireglyfcbangcted o firdi elevioddbi ne
Lhrough e, IR ceEhE TERbnd eckBf P BE ORGP DRreANIRRREGh AOLHR
current, determning t e nenory erren i's configure

particul antlisne of the plurality of d| fferent resistive states. 13.
The met hod of claim 12 wherein the particular one of the plurality of
different resistive states is associated with a value of a bit of

i nformati¥n. e devisrof gandtvsreinthafir dectpfreldiading Hiodpisgertyodeloghent
i's di spos@e didae hgd @@h@t:élec%a%f%@édoﬂwls& it £h ﬁb&m&he%ectahmoaeem stance
state or a |l ow resistance state. . The nethod of claim12 further
conprising: providing a first di ode connected to a first el ectrode of

t he menoras. el exeBhogRel bﬁratuhgmfatmscs&on@hﬁihg': @ﬁmda@dl Yy éH1REmpsERGOoNd
di ode connegted to Bhe first electrode of th ﬁ @@D%@ ecige and to
the secontPDime) Frénd farenddhitingsimamyy Flegetend HEt Pdisearpedipdes gtﬁf‘era%w

t han a cudlement hemgte&ge:cﬂfy dohrects@antr@ddlnd andislecli@Bsldchiilyecosistiedio thdre

cut-in vo h di,ode a.turn-off, v

rarory o i Bt R b S AP B A bty bR et
connect eccohmcteth @ thoseddridiv@line Vidthe Foendnididh eterothe sdeaidriidhi2 isvibrewel thasedye
determn I n rr 0 f

17. The Iﬂ&?]ﬁl%g m%]gslt \s/?q%fgg acﬁ?ﬁl évr%re(ﬁl %n‘lgilﬁ] ﬁ%ltmtfme e@fectﬁl (t:"o e?&%%al@udflgcglvnect
det er mi ni thgfitstiating fiem themrearty dlement mjils i Fitst mitagqm’eamalmdeapa}ydlgtah at
t he nemrééco%h@% &adroc‘s !tl'fg ﬁrﬁhg%drtﬁe&ﬁagﬁl%egﬁgéﬁ to e?egtnceillﬁ!é:ofﬁ’leﬁetﬁ@r y
devi ce conprisin F a secon f

el ement oﬁegqyébél@ett@thb@emewmrlev@mgz toppqufigues the BRIppry e@wtlngﬁhlélareﬁlﬁfa@ﬁe
of two didfe Rn@ﬂé thé ﬁ?st %Mag/e% §én"i’% a%?hed%u? thé &Emﬂ'v%ﬁ'fge ‘r‘sq]l%[‘l?&ﬁg' aB§11eH %plérlnrgSt
bitline to a first el ectfode he menory el enent; a second

connect i rightrheeliagrasigs Be wpidee and thersesond Plgtneéﬁe@etnma&éaw op p Bckphfyrgnt

el ement ;| @RENATMOME lwbﬂﬁingmfuﬂgt@ﬁ]@ ﬂleﬁl&y%]eﬁﬁﬁtchﬂﬁi tHek@ehd QSR tOfhe Eé&endrre nory
elenment. 19. The device of claim 18 wherein the first d| ode is

confi gur S4lipe hephameroy slaments fombarredia tejbisbresianeg ste: epplyinga ot ¢
el ect r odeyonhnclofiahd deb&ild billiRdad ihs whannestcidicas ae:tanty Hl@@nﬁfﬁﬁtﬁ@ﬂac&i@de

is confiqured.to _conduct curre he first. eIe

socond biTROERAETTHE SEMBh T s BHETE Vrigen PHoE rRiel SPhss s flg
devi ce ofvotthgriathodsGhanirertadine EInhﬁleﬁﬁJlfﬁHny efblceVeEtd klecteioqllly icaset ﬂlefﬂrs‘t $itline to
nmenor eI ment ri ses first wordl

memory G BRhry M Re P iR SRy Beor i SVttt epi0Es ¢ o
be sel ectfirstebolagaimbeingupplisi bﬁtyhe(smﬁdi gulredis not boing agflicd swd sdbsbfuentemthe
resistive c i n e e |

ot he secon? §§men%b§§ 90119%{"‘95 ik fe 1&9 Sm cgtgt%%b ﬁ)ﬁlé{%g%h&:ct@rfvoﬁa %%%ﬁgg’
first bitth¢ wedmmnaﬂlfelscosnd btlmctﬁfergtil‘@ tgt‘«amﬂecmmdmﬂowrﬁmrﬂ)c veirdime firgughnd
a fourth WeES rst

el ectr odetg%?lg?%rgg%%grgtﬁggﬁg%r d%?oetht??e%&@dmaﬁ Lﬁd{}%\s/e?ic%g t%e]tl ﬁré%dél m 20
wher ei n tdstermipipg that @ememeryie@rr@etm ¢oghiguset] in dhe lewrevistpnaelsiater esi sti ve
state of the first nmenory elenent via a first current flowng from
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22. The device of claim 20 wherein the nenory device is configured
to: change the resistive state of the first nenory elenent via a
first voltage between the first bitline and the first wordline; and
hi nder a second vol tage between the fihsst bitline and the second
wordl ine fromchanging the resistive state of the second nenory

el enment while the first voltage is being applied between the first
bitline asd t hkhefmert®t of\daifhl 25 bereindte apgided sddoad detdgecie lagder hhiathathir8

wher ei n: t?e second el ectrode of the nmenory elenent is directly
connect edt %t he wordline; the first el ectrode of the nenmory el enent
is directly connected to a first electrode of the first diode; a

fS Ie:’: 2? d ble![ g methfoa hF (ilalll’éli’zé Ex;[hgrigzp gﬁe I#lf:snilcﬂl%glglglftmlt Xorr(l:p(?'llrger:]sea feflsq otie oé zntl1 1%nic
connect ecconducting dhalsegenidg @ tbrmogenayd] okilie a perowside ohwlrdes:ol@sﬂi nagrsaetmezmdve or
el ectrode, %&W&#e second diode is directly connected to the second
bitline. he device of claim 23 wherein the first el ectrode of
the first diode is a cathode of the first diode and the first

el ectrodegof tHE mefhod Bficl‘gfn% %vhkx%mQﬂE a%pl%?hlfﬁf voitgg% 1585'&%? thadl QﬁEn lvol%ée A

nmenory cel | operating ne onprising: provi a nenory c

conpri si riy e spgong fioggebut EFSrtbatn aaﬁﬁ@ of @ééﬁdﬂ Boltaps pidke SE@nﬁéwé? i}pdéwgn@ﬁt

and firsty.and SaeaRdiofl a6&ss the menory el ement being electrically
connected to the wordl'ine and selectively electrically connected to
the first bitline via the first diode when the first diode is forward
bi ased and sel ectively electrically connected to the second bitline
via the second di ode when the second diode is forward biased,;
applying a first voltage across the wordline and the first bitline
effective to electrically disconnect the first bitline fromthe
menory elenment; while the first voltage is being applied, applying a
second voltage across the wordline and the second bitline effective
to electrically connect the second bitline to the nenory el ement and
to configure the nenory elenent in a high resistance state; while the
first voltage is being applied but the second voltage is not being
applied, applying a third voltage across the wordline and the second
bitline; determ ning, based on a |lack of current flow ng fromthe
wordl i ne through the nmenory el enent and the second diode to the
second bitline, that the nmenory elenent is configured in the high
resi stance state; applying a fourth voltage across the second bitline
and the wordline effective to electrically disconnect the second
bitline fromthe nmenory el enent; while the fourth voltage is being
applied, applying a fifth voltage across the first bitline and the
wordline effective to electrically connect the first bitline to the
menory el enment and to configure the nenory elenent in a | ow

resi stance state; while the first voltage is being applied but the
second voltage is not being applied and subsequent to the nenory

el enent being configured in the | ow resistance state, applying the
third voltage across the wordline and the second bitline effective to
cause a current to flow fromthe wordline through the nenory el enent
and the second diode to the second bitline; and based on the current,
determ ning that the nenory elenment is configured in the | ow

resi stance state. 22 26. The nethod of claim25 wherein the applied
second voltage is larger than the third voltage. 27. The nethod of
claim25 wherein the nenory el enent conprises at | east one of an

i oni ¢ conducting chal cogenide, a binary netal oxide, a perovskite

oxi de, a col ossal magnetoresistive, or a polyner. 28. The nethod of
claim25 wherein the applied third voltage is greater than a cut-in
vol tage of the second diode but |ess than a sumof the cut-in voltage



