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DESCRIPTION

TITLE

SEMICONDUCTOR MEMORY DEVICE

CROSS-REFERENCE TO RELATED APPLICATIONS

This application is based upon and claims the benefit
of priority from the prior Japanese Patent Application No.
2011-117555, filed on May 26, 2011, the entire contents of

10 which are incorporated herein by reference.

FIELD

The embodiment relates to a semiconductormemory device.

15 BACKGROUND

A variable resistancelnemory (ReRAM: Resistance Random

Access Memory) easily formable in three dimensions, for

example, has received attention as a semiconductor memory

device capable of storing mass data for use. Cells of the

20 variable resistance memory are characterized in the asymmetry

of the voltage-current characteristic that greatly changes

in accordance with the polarity of the voltage applied to the
memory cell.

Conventionally, the semiconductor memory device

25 including the variable resistance memory cells distinguishes

a selection-targeted memory cell (hereinafter referred to as

a “selectedmemorycell”) fromother memory cells (hereinafter

referred to as “unselected memory cells”) by applying a bias,

SUBSTITUTE SHEET(RULE26)
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different from that to the selected memory ceil, to all
unselected memory cells from external to make access to the
selectedmemoryceli. In accordancewith settingof the bias,
it.is possible to increase the margin of failed operation of
unselectednwmorycells,théfebyensuringreliableoperation
of thecell array. Thesettingofthebiasisnoteasy, however,
and if it is intended to make access under an optimal bias
condition, an increase occurs in current- consumption, for
example, as a problem.

Therefore, if these variable resistance memories are
used in mass storage semiconductor memory devices, the size
of the access-targeted cell array cannot be increased
sufficiently. As a result, the share of memory cells in a
semiconducto;‘memoryidevice lowers such that the merit of the
three-dimensional structure cannot be exerted sufficiently.

[Patent Document 1] JP 2010-33675A

BRIEF DESCRIPTION OF DRAWINGS

[Fig. 1] A diagram showing the éonfiguration of a
semiconductor memory device according to a first embodiment.

[Fig. 2] A perspective view of part of a memory cell
arrayj11thesemiconductornemorydeviceaccording1x>thesame
embodiment.

[Fig. 3] A diagram showing a circuit symbol and a
voltage-current characteristic of a memory cell in the
semiconductormemorydeviceaccording1x>thesameembodiment.

[Fig. 4] An equivalent circuit diagram of part of

the memory cell array in the semiconductor memory device
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according to the same embodiment.

[Fig. 5], A diagram showing a bias state of the memory
cell array at the time of write operation (set operation)
through a floating access method in the semiconductor memory
device according to the same embodiment. |

[Fig. 6] A diagram showing a specific potential
variation on each line at the time of write operation (set
operation) through the floatihg access method 1in the
semiconductor memory device according to the same embodiment.

[Fig. 7] A diagram showing a specific potential
variation on each line at the time of write operation (reset
operation) through the floating access method 1in the
semiconductormemorydeviceaccordingtx;thesameembodiment.

[Fig. 8] A diagram showing a general potential
variation on each line at the time of write operation (set
operation) through the floating access method 1in the
semiconductor memory device according to the same embodiment.

[Fig. 9] A diagram showing a general potential
variation on each line at the time of write operation (reset
operation) through the floating access method 1in fhe
semiconductormemorydeviceaccordingix>thesameembodiment.

[Fig. 10] Adiagramillustrative of anexample of line
selection at the time of write operation through a floating
access method in a semiconductor memory device according to
a second embodiment.

[Fig. 11] A diagram illustrative of another example
of line selection at the time of write operation through the

floating access method in the semiconductor memory device
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according to the same embodiment.

[Fig. 12] A diagram showing a bias state of a memory
cell array at the time of write operation (set operation)
through a floating access method in a semiconductor memory
device according to a comparison example.

(Fig. 13] A diagram showing a bias state of the memory
cell array inconsideration of the capacitive coupling between

lines in Fig. 12.

DETAILED DESCRIPTION

A semiconductor memory device  according to the
embodiment comprises a memory cell array including plural
first lines, plural second lines intersecting the first lines,
and plural memory cells provided at the intersections of the
plural first lines and the plural second lines and operative
to store data in accordance with different resistance states;
and a write circuit operative to execute a write operation
to a data-write-targeted, selectedlnémory cell of‘the plurai
memory cells, the memory cell having a set operation for
changing the resistance state fromthe first resistance state
to the second resistance state on application of a set voltage
of the first polarity, and a reset operation for changing the
resistance state fromthe second resistance state to the first
resistance stateonapplicationof aresetvoltageof the second
polarityopposite inpolaritytothe firstpolarity, andhaving
the voltage~current characteristic at the firsﬁ polarity and
the voltage-current characteristic at the second polarity

being asymmetrical, and the write circuit, on execution of
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the write operation, executing a first step of applying a
voltage across the first and second lines connected to the
selectedmemorycell,andeadifferentvoltageacrossthefirst
and second lines connected to a data-write-untargeted,
uﬁselected.memory cell of the plural memory cells and, after
execﬁtionofthefirststep,executingasecondstepofapplying
avoltage, required for datawrite, across the first and second
lines connected to the selected memory cell, and bringing at
least one of the first and second lines connected to the
unselected memory cell into the floating state.

Semiconductor memory devices according to the.
embodiments will now be described below with reference to the
drawings.

[First Embodiment]

Fig. 1 is a diagram showing the configuration of a
semiconductor memory device according to a first embodiment.
This semiconductor memory device comprises a memory cell array
1. The memory cell array 1 includes plural stacked memory
cell mats (memorycell layers). Eaéhnemorycellmatcontains
plural bit lines BL (first lines) and plural word lines WL

(second lines), and memory cells MC selected by these word

lines WL and bit lines BL. Hereinafter, the bit lines BL and

word lines WL may also be referred to as “lines” generally.
In the present embodiment, it is not always required to include
plural stacked memory cell mats.

The bit lines BL in the memory cell mat are electrically
connected to a column cohtrol circuit 2 operative to control

the bit lines BL and execute erasing data in the memory cell
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MC, writing data in the memory céll MC and reading data from
the memory cell MC. Hereinafter, erasing data in the memory
cell MC and writing data in the memory cell MC may also be
referred to as “write operation” collectively. In addition,
the write operation and reading data from the memory cell MC
may also be referred to as “access operation” coilectively.
The column control circuit 2 includes a bit line driver 2’
operative to supply a voltage, required for access operation,
to the bit line BL, and a sense amp SA operafive to sense and
amplify the current floWing in the memory cell MC at the time
of read operation to determine the data stored in the memory .
cell MC.

On the other hand, the.word lines WL in the memory céll
mat are electrically connected to a row control circuit 3
operative to select among the word lines WL ét the time of
access operétion. The row control circuit 3 includes a word
line dfiver 3’ operative to supply a voltage, required'for_
access operation, tothewordlineWL. The rowcontrol circuit
3, together with the column control circuit 2, is contained
in a write circuit.

Fig. 2 is a perspective view showing part of the memory
cell array 1.

The memory cell_array 1 is a memory cell array of the
cross-point type. The memory cell mat MM in the memory cell
array 1 includes plural bit lines BL disposed in parallel,
and plural word lines WL dispos.ed in parallel in the d>irection
of intersecting the bit lihes BL. Each intersection of the

bit line BL and the word line WL is provided with a memory
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cell MC as sandwiched between both lines. The memory cell
arréy 1 includes plural such memory cell mats MM stacked in
multiple layers, as described above, in which the vertically
adjacent memory cell mats MM share the word lines WL or the
bit lines BL. 1In the case of Fig. 2, a memory cell mat MMO
in the lowermost layer of the memory cell arfay 1 and a memory
cell mat MM1 adjacently located above the memory cell mat MMO
share the word lines WLOO-WLOZ2.

Fig. 3(A) is a diagram showing a circuit éymbol of the
memory cell MC. Fig. 3(B) 1s a diagram showing a
voltage-current characteristic  of the memory cell MC.
Hereinafter, a node Na shown in Fig. 3(A) is referred to as
the “anode”, and a node Nc as the “cathode”. The direction
facing from the anode Na toward the cathode Nc shown by the
arrow in Fig. 3(A) is referred to as the “forward direction”,
andthedirectioninreversetheretoésthe“feversedirection.
Therefore, a bias is the forward bias (first polarity) if the
voltage on the cathode Nc is lower than that on the anode Na
whiléabiasisthereversebias(secondpolarity)ifthevoltage
on the cathode Nc is higher than that on the anode Na.

The memory cell MC comprises a variable resistance
element and stores data in accordance with different
resistance states of the variable resistance element.
Hereinafter, a state of the memory cell MC including the
variable resistance élement in fhe'high resistance state
(first resistance state) ié referred to as a “reset state”
while a state of the memory cell MC including the variable

resistance element 1in the low resistance state (second
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resistancestate) isreferredtoasa“setstate”. 1Inaddition,
the operation for changing the memory cell MC in the reset
state.into the set state is referred to as “set operation”
while the operation for changing the.memory cell MC in the
set state into the reset state 1is referred to as “reset
operation”. Therefore, the write opération is referred to
as that for subjecting the memory cell MC to set operation
or reset opération.

The memory cell MC has the property of a solid
electrolyte. This 1s the property that makes the
voltage-current characteristic asymmetrical in accordance
withthedirectionofabias (thepolarityofanappliedvoltage)
as shown in Fig. 3(B). As can be found from Fig. 3(B), the
voltage-current characteristic of the memory cell MC is such
that the cell current can be approximated by I ~ A exp(aV)

(A and o are constants) except the vicinity of the applied

.voltage V =0. The coefficient a when the memory cell MC in

the reset state is forward-biased is almost the same as that

- when the memory cell MC in the reset state is reverse-biased

and that When the memory cell MC in the set 'state is
reverse-biased. 1In contrast, the coefficient a when the
memory cell MC in the set state is forward-biased bécomes
extremely large. Further, 1ln I becomes o in the vicinity
of the applied.voltage vV = 0.

Whén the memory cell MC in the resét state 1is
forward-biased, the memory cell MC still remains in the reset
state within a range of the applied voltages V from near 0V

toa set voltage Vset. 1Inthiscase, thecell currentI flowing
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in the memory cell MC varies reversibly in accordance with
variations in the applied voltage V (the arrow a0). When the
appliedvoltageVbecomesequal toorhigher thanthe set voltage
Vset, the state of thé memory cell MC changes from the reset
statetx>thesetstateirreversibly(setoperation)Kthearrow
aly.

When the memory cell MC 1in the set state 1is
forward-biased, on the other hand, the cell current I:flowing
in the memory cell MC varies reversibly in accordance with
variations in the appliedvoltageV (thearrowa2). Thememory
cell MC in the set state, however, can make no transition to
the reset state as far as it is forward-biased even if the
appliedlvoltage V is elevéted.

When the memory cell MC in the reset state is
reverse-biased, the cell current I flowing in the memory cell
MC varies reversibly in accordance with wvariations in the
applied volfage V (the arrow a3). The memory cell MC in the
reset state, however, can make no transition to the set state
as far as it is reverse—biased even if the applied voltage
V is elevated.

When the memory cell MC in the set state is
reverse-biased, on tHe other hand, the memory cell MC still
remains in the set statewithin a range of the applied voltages
from 0V, the reverse bias from 0V, to a voltage, -Vreset
(hereinafter, Vreset is referred to as a “reset voltage”).
In this case, the cell current I flowing in the memory cell

MC varies reversibly in accordance with variations in the

applied voltage V (the arrow a3). When the applied voltage
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V becomes equal to or lower than the voltage, -Vreset, the
state of the memory cell MC changes from the set state to the
reset state irreversibly (reset operation).

Fig. 4 is an equivalent circuit diagram of part of the
memory cell array 1. Thié figure shows bit lines BLO-BLZ,
word lines WLOO-WLO02, and plural memory cells MC in the memory
cell mat MMO as part of the memory cell array 1.

In the case of Fig. 4, the bit line BL is connected to
the anode Na, and‘the_wqrd line WL to the cathode Nc.

Referring to the equivalent circuit of Fig. 4, the write
operation to the memory cell MC 1is described nexﬁ. For
convenience of description, an access-targeted memory cell

A\Y

may also be referred to a “selected memory cell”, other memory
cells as “unselected memory cells”, a bit line connected to
the selected memory cell as a “selected bit 1ine”, a word line
connectedtotheselectedmemorycellasa“selectédwordline”,
a bit line connected to an unselected memory cell as an
“unselected bit line”, and a word line connected to an
unselected memory cell as an “unselected/word line”. The
selectedbit lineandtheselectedwordlinemayalsobereferred
to as “selected lines” generally, and unselected bit lines
and unselected word lines as “unselected lines” generally.

The following description is given to the case when all
memory cells MC are in the reset state in which a.memory cell
MCO001l in a memory gell mat MMO is determined as a selected
memory cell, and the selected memory cell MCOO1l is subject

to set operation.

When the selected memory cell MCOOl1l is subject to the
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set operation, the selected bit line BLOO connected to the
selected memory cell MCOO1 is 'applied with a set voltage Vset,
and the selectedword line WL0O1 connectedto the selectedmemory
cellMCO0l isappliedwithOV. Atthattime, anideaisrequired
to prevent data disturb in other unselected memory cells MC
such as memory cells MCC00, MCO002.

Asone suchmethod, thereisamethodof applyingavoltage
Vset/2 equal to half the set voltage Vset across unselected
bit lines BLOl and BLOZ and unselected word lines WLOO and
WLO2.

Inthiscase, unselectedmemorycellsMC010, MC012, MCO20
and MC022 connected to the intersections of the unselected
bit lines BLOl and BLO2 and the unselected word lines WLOO
and WLO are not biased. Unselected memory cells MCO000 and
MC002 connécted to the selected bit line BLOO and unselected
memory cells MCO1ll and MC021 connected to the selected word
lineWLOlareappliedwithafbrwardbias6fthevoltageVset/2.
Nevertheless, the voltage Vset/2 is not a sufficient forward-
bias capable of causing set operation as can be found from
the characteristic of the memory cell-Mé»shown in Fig. 3(B).

Thus,theabovemethodispossibletosubjécttheselected
memory cell MCOO1 to the sef operation without causing data
disturb in unselected memory ;ells‘MC.

The ﬁse of this method, however, causes a'plurality of
unselected memory cells forward-biased between fixed
potentials andaccordingly increases current consumption, for

example, as a problem. Therefore, the use of the memory cells

as alarge-capacitymemory file, for example, requires dealing
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while suppressing the range of memory cells related to the
write operation as narrow as possible. As a result, the share ‘
of memory cells in the entire device lowers such that it is
not pbssible to sufficiently exert the characteristic of the
memory cell of the cross-point type easily formable in
three-dimensions.

As a method of solving the above problem, there is a
write operation through a floating access method.

Fig. 12 is a diagram showing a bias state of a memory
cell array at the time of write operation (set operation)
through the floating access method,.providing a comparison
example to the present embodiment. In Fig. 12, “~” indicates
that it isinthe floating state. For example, “Vset/2~" means
that it is brought into the floating state while applied with
the voltage Vset/2.

The floating access method is a method of applying the
set voltage or the reset voltage‘to the selected memory cell
whilebringingat leastoneofbitlinesandwordlines connected
to unselected memory cells into the floating state. It is
a method of placing unselected memory cells into bias states
distributed in a self-aligned manner.

The following description is given to the case when all
memory cells MC are in the reset state, as a specific example,
in which a memory cell MCOOl in a memory cell mat MMO is
determined.aseaseleétedlnemory cell, and the selected memory
cell MCOO1 is sﬁbject to ‘a set operation.

The write operation through the floating access method

can be realized by two steps, including an access preparation
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step (first step) of turning the state of retaining the
resiétance state of the memory cell MC (hereinafter referred
to as a “standby'state”) to the state of making the memory -
cell MC accessible (hereinafter referred to as an “active
standby state”), and an access step (second step) of’actually
making access to the memory cell MC in the memory cell array
in the active standby state. The state of the memory cell
array at the access step is referred to as an “access state”.

Before the set operation, the memory cell array 1 is
in the standby state. In this state, the bit line driver and
thewordlinedriver(notshown)applyavoltageequaltoaround
the ground voltage (OV) to all bit lines BLOO-BL02 and word
lines- WLOO-WLO2.

Subsequeﬁtly, at the access preparation step, as shown
in Fig. 12, the bit line driver and the word line driver apply
a voltage Vset/2 equal to half the set voltage Vset to all
bit lines BL0O0-BL02 and word lines WLOO-WLO2.

Then, at the access step, as shown in Fig. 12, after
bringing unseiected bit lines BLOl and BL02 and unselected
word lines WLOO and WLO2 intb the floating state (Vset/2~)
(sl in Fig. 12), the bit line driver and the word iine driver
apply the set voltage Vset to the selected bit 1line BL0OO, and
OV to the selected word line WLO1l (s2 in Fig. 12).

At the access step, the selected memory cell MCO01 is
applied with a forward bias of the set voltage Vset. On the
other hand, unselected memory cells MC are applied with some

bias through current paths extending from the selected bit

line BLOO toward the selected word line WLOO.
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The current paths passing through unselected memory
cells MC pass through at least three unselected memory cells
MC. For example, in the case of a current path PO shown with
the dashed-line in Fig. 12, it passes from the selected bit
line BLOO toward the selected word line WLO1l through three
unselected memory cells MC000, MC010 and MCO1l1.

Inaword, in the current pathpassing through unselected
memory cells, the set voltage Vset is divided by at least three

unselected memory cells MC. As aresult, anunselectedmemory

cell MC is only applied with a voltage that is determined in

accordance with the location thereof in a self-aligned manner
and that is lower than the set voltage Vset.

The current pathpassing throughunselectedmemorycells
MC always involves a reverse-biased, unselected memory cell
MC such as the unselected memory cell MC010 in the current
path PO. Therefore, an extremely slight current is allowed
to flow therein. As aresult, it is possible to suppress power
consumption in the memory cell array.

Further,thewriteoperationthroughthefloatingaccess

‘method is just required at the access step to bring unselected

linesintothefloatingstate.-Accordingly,itcanberealized
with no requirement of special peripheral circuits and no
increase in chip area.

‘The above-described wfite operation according to the
comparison example assumes a memory cell array having an ideal
characteristic. In practice, the fine processing of the
memory cell array, for example, in the memory cell'array, may

cause, as shown with the dashed-line in Fig. 13, parasitic
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capacities Cbb, Cww, Cbg and Cwg between the bit lines BIL,
between the word lines WL, between the bit line BL and the
ground line GND, and between the word line WL and the ground

line GND, respectively. Therefore, the write operation

according to the comparison example causes the following

problem.

When the memory cell array is finely prpceSSed, in
combarison with the distance between the bit line BL and the
ground line GND or between the word line WL and the ground
line GND, the distance between the bit lines BL or between‘
the word lines WL becomes extremely shorter. Therefore, the
above parasitic capacities are related as in Cbb >> Cbg, Cww
>> Cwg.

Therefore, in practice, when the unselected bit lines
BL0O1l and BL0O2 are brought into the floating state (sl in Fig.
13), and then the potential on the selected bit line BLOO ish
changed from the voltage Vset/2 to the set voltage Vset (s2
in Fig. 13), the capacitive coupling through the parasitic
capacity Cbb boosts the voltages on the unselected bit lines
BLO1 and BL02 (al, s3 in Fig. 11). For example, if the
capacitive coupling between the bit lines BL has a coupling
coefficient of 1, the potentials on the unselected bit lines
BLO1l and BL0O2 in the floating state rise from near the voltage
Vset/2 to near the set voltage Vset by the voltage Vset/2.

This is similar to the case of the word lines WL. For
example, if the capacitive coupling between the word lines
WLhasacouplingcoefficientofl,thepotehtialsonunselected

word lines WL fall from near the voltage Vset/2 to near 0V
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by the voltage Vset/2 (s3 in Fig. 13).

As a result, unselected memory cells MC are applied with
a forward bias of the set voltage Vset as well. Furthermore,
data disturb in unselected memory cells MC arise.

In the case of the memory cell MC subjected to reset

 operation, thoughthedetaileddescriptionthereof isomitted,

the influence of the capacitive coupling between lines may
possibly cause data.disturb as is the case with the above set
operation.

Therefore, in order to suppress data disturb due to the
influence of the capaéitive couplihg, the present embodiment
uses the write operation through the floating access method
capable of ensuring a sufficient disturb margin at the access
step.

Fig. 5 is a diagram showing a bias state of the memory
cell array 1 at the time of write operation (set operation)
through the floating access method accoraing to the present
embodiment. The indicafionsAin the figure follow Fig. 13.

Fig. 6 is a diagram showing avpotential variation on
each line at the time of set operation acg:ording to the present
embodiment. In the figure, the potential shown with the bold
solid line is a potential at the time of completion of the
access preparation step, and the potential shownwith the thin
solid line indiéateséapotential after application of the set
Voltagetotheselectedbitline. Thethinsolidlineindicates
a potential when the capacitive coupling between lines'has
a coupling coefficient of 1.

A specific example is described here on the case when
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all memory cells MC are in the reset state, and_axnemory cell
MCO001l in a memory cell mat MMO is determined as a selected
memory. Inthiscase, theselectedmemorycellMCO001 issubject
to set operation.

For easy understanding, the description is given
indicatingvspecific numerals. For example, the set voltage
Vset is 3.0 V and the capacitive coupling between bit lines
BL and‘that between word lines WL have a coupling coefficient
of 1. The present embodiment is though not limited to these
indicated numerals as described later. This point should be
noted.

As described.below, the set operation according to the
present embodiment differs from the set operation according
to the comparison example in the bias state of the memory cell
array 1 at the access preparation step.

As for'the standby state before the set operation, it
is similar to that in the case of the comparison example and
accbrdingly omitted from the description.

| Subsequently, at the access preparation step, as shown
in Fig. 5, the bit line driver 2’ applies 1.5V to the selected
bit line BL0OO, and 0.5V to unselected bit 1lines BL0O1 and BLO2.
In addition, the word line driver 3’ applies 1.5 V to the
selected word line WLO1l, and 2.5V to unselected word lines
WLOO and WLOZ2.

At the access step, as shown in Fig. 5, aftér'bringing
unselected bit lines BLO1 and BL0O2 and unselected word lines
WLOO and WLO2 into the floating state (0.5 V~ and 2.5 V~) (sl

M1Fig.5),thebitlinedriver2’applies3.O\ftotheselected
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bit line BL0OO, and the word line driver 3’ applies 0 V to the
selected word line WLOl (s2 in Fig. 5).

At the access stép, the selected memory cell MCOO1 is
applied with a forward bias of tﬁe set voltage Vset, that is,
3.0 V. | ‘

When the potential on the selected bit line BLOO is
changed from1l.5V to 3.0V (s2 in Figs. 5 and 6), on the other
hand, the capacitive coupling through the parasitic capacity
Cbb boosts the potentials on unselected bit lines BLO1l and
BL0O2 (al in Fig. 5, s3 in Figs. 5 and 6). Specifically, the
potentials on the unselected bit lines BLO1l and BLO2 in the
floating state rise from near 0.5 V to near 2.0 V by 1.5 V.

This is similar to the case of the word lines WL. When
the potential on the seiected word line WLO1 is changed from
1.5Vto0V (s2inFigs. 5andé6), thepotentialsontheunselected
word lines WLOO and WL0O2 fall via the parasitic capacity wa-
(a2 in Fig. 5; s3 in Figs. 5 and 6). Specifically, the
potentials on the unselected word lines WL0OO and WLO2 in the
floating state fall from near 2.5 V to near 1.0 V by 1.5 V.

Inthecaseof thepresent embodiment, however, different
from the case of the comparison example, every unselected
memory cell MC is only applied with a forward bias lower than
3.0 V that cannot reach the set voltage Vset. Specifically,
unselectedmemory cells MCO0O andMCO2 connectedto the selected
bit line BLOO are only applied with a forward bias of 2.0 V
and other unselected memory cells with 1.0 V. 1In a word, the
setoperationaccordingtx>thepresentembodimentispmssible

to ensure a disturb margin of 1.0 V at the minimum even if
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it is assumed that the capacitive coupling between lines has
a coupling coefficient of 1 as the worst condition.

Fig. 7 is a diagram showing a potential variation on
each line at the time of write operation (reset operation)
through the floating access method according to the present
embodiment. The indications in the figure follow Fig. 6. As
for the diagram showing a bias state of the memory cell array
1 at the time of the reset operation according to the present
embodiment, it is similar to Fig. 5 except specific numerals
and accordingly omitted.

For easy understanding, the following description is

given indicating specific numerals. For example, the reset

voltage Vreset is 3.0 V and the capacitive coupling between
bit lines BL and that between word lines WL have a coupling
coefficientofl. Thepresent embodiment isthoughnotlimited
to these indicated numerals as described later. This point
should be noted.

As for the standby state before the reset operation,
it is similar to that in‘the casé of the comparison example
and accordingly omitted from the description.

Subsequently, at the access preparation step, as shown
in Fig. 7, the bit line drivér 2’ applies 0.5V to ﬁhe selected
bit lineBL, and1l.5Vtounselectedbit linesBL. Inaddition,
the word line driver 3’ applies 2.5 V to the selected.word
line WL, and 1.5 V to unselected word lines WL. |

At the access step, after bringing unselected bit lines
BL and unselected word lines WL into the floating state, the

bit line driver 2’ applies 0 V to the selected bit line BL
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as shown in Fig. 7, and the word line driver 3’ applies 3.0
V to the selected word line WL (s2 in Fig. 7).

Attheaccesssfep,theselectedmemorycellMCisapplied
with a reverse bias of the reset voltage Vreset, that is, 3.0
V. |

WhenthepotentialontheselectedbitlinéBij;changed
from0.5Vto0V (s2inFig. 5), ontheother hand, thepotentials
on unselected bit lines BL fall via the parasitic capacity
Cbb (s3 in Fig. 5). Specifically, the potentials on the
unselected bit lines BL in the floating state fall from near
1.5 V to near 1.0 V by 0.5 V.

This is similar to‘the case of the word lines WL. When
the potential on the selected word line WL is changed from
2.5Vto 3.0V (s2 in Fig. 7), the capacitive coupling through
the parasitic capacity Cww boosts the potentials on the
unselected word lines WL (s3.in Fig. 7). Specifically, the
potentials on the unselected word lines WL in the floating
state rise from near 1.5 V to near 2.0 V by 0.5 V.

EveryuﬁselectedmemorycellMC,however,isonlyapplied
with a reverse bias lower than 3.0 V that cannot reach the
reset voltage Vreset. Specifically, unselected memory cells
MC connectéd between the selected bit line BL and unselected
word lines WL and unselected memory cells MC connected between
unselected bit lines BL ahd the selected word 1line WL are only
appliedwithareversebiasof2.0Vandotherunselectedmemory
cells with 1.0 V. 1In a,word; the reset operation according
tothepresent embodiment ispossibletoensureadisturbmargin

of 1.0Vat theminimumeven if it is assumed that the capacitive
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coupling between lines has a coupling coefficient of 1 as the
worst condition.

In the example bf write bperation shown in Figs. 5-7,
it is assumed that the capacitive coupling has a coupling
coefficient cf 1, and the potential variation on the selected
line causes the same variation in the potentials on all
unselected lines.

In practice, however, all capacitive couplings between
the selected line and unselected lines do not have a coupling
coefficient of 1 but have those distributed over a range of
0-1. 1In addition, the distribution tends to become smaller
as the distance from the unselected line to the selected line
becomes longer.

Therefore,atthetimeofsetoéeration,whentheseiected
memory cell MC is appliedwith a forwardbias of the set voltage
Vset, that is, 3.0 V at the access step, certain unselected
bit lines BL may possibly exhibit such potentials that rise
fromnear 0.5V to near 2.0 Vwhile other unselected bit lines
BL may possibly exhibit such.potentials that hardly vary from
near 0.5V. Inaword, in practice, after the selected memoryv
cell MC is applied with a forward bias of the set voltage Vset,
the potentials on unselected bit lines BL distribute over a
range of 0.5-2.0 V. This point should be noted.

In addition, similar to this case, also at the time of
reset operation, after the selected memory cell MC is applied
withareversebiasoftheresetvoltageVreset,thepotentials
on unselected bit lines BL distribute over a range of 1.0-1.5

V. This point shodld be noted.
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In either case, the write operation according to the
present embodiment described with reference to Figs. 5-7 is
possible to ensure a disturb margin of 1.0 V at the minimum.

Up to now, the write operation according to the present
embodimentisdesdribedusingspecificnumerals. In general,
the potential on each line can be described as follows.

Fig. 8 is a diagram showing a potential variation on
each line at the time of set operation according to the present .
embodiment. The indications in the figure follow Fig. 6.

At the time of completion of the access preparation step,
the potentials on the selected bit line, the unselected bit
line, the selected word line and the unselected word line are
represented by Ub(Ul), U, Vw(Vl) and V, respectively. 1In

addition, thedisturbmargin intended to ensure is represented

by A. In this case, the relations among those can be
represented as in Expressions (1)-(5) in general.

V - U £ Vreset - A (1)

(U + Vset - Ub) - (V - Vw) £ Vset - A (2)

Vw + A £V (3)
U+ A £ Ub (4)

U< Ub £Vw <V (5)

Expressions (1) and (2) represent the potential
relations between the unselected bit line and the unselected
word line. Expression (3) represents the potential relation
between the selected bit line and the unselected word line.

Expression (4) represents the potential relation between the
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unselected bit line and the selected word line. Expression

(5) indicates the condition for reverse biasing all memory

. cells at the access preparation step.

Ensuring the disturb margin A in the set operation
requires setting tﬁe potential dn each line at the acceSs
preparation step in such a manner that all memory cells are
not forward-biased.

Therefore, the potential on each line is set so as to
satisfy Vw - Ub > V - U from Expression (5).

If it is not possible to prepare many potentials for
convenience of designing the bit line driver 2’ énd the word
line driver 3’, for example, it is sufficient to use Vw = Ub,
and thus U+ 2A <V, as in the specific example shown in Figs.
5 and 6.

Fig. 9 is a diagram showing a potential variation on
eachlineatthetimeof reset operationaccordingtothepresent
embodiment. The indications in the figure follOw‘Fig. 7.

In the case of reset operation, at the time of completion
of the access preparation step on each line, the relations
among'thé potentials on the seleéted.bit line, the unselected
bit line, the selected word line and the unselected word line

can be represehted as in Expressions (6)-(10) in general.

V+ A< Vw (6)

Ub + A LU (7)

Vw - Ub £ Vreset - A (8)

(V + Vreset - Vw) - (U —.Ub) < Vreset - A (9)

Ub < U <V < Vw (10)
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Expression (6) represents the potential relation
between the selected bit line and the unselected word line.
Expression (7) represents the potential relation between the
unselected bit line and the selected word line. Expression
(8) represents the potential relation between the selected
bit lineandthe selectedwordline. Expression (9) represents
the potential relation between the unselected bit line and
the unselected word line. Expression (10) indicates the
condition for reverse biasing all memory cells at the access
preparation step.

Ensuring the disturb margin A in the reset operation
requires setting the potential on each line at the access
preparation step in such a manner that all memory cells are
not forward-biased, similar to that at the time of set
operation.

In a word, the potential on each line is'set so as to
satisfy Vw = Ub > V - U from Expression (10).

If it is not possible to prepare many potentials for
convenience of designing the bit line driver 2’ and the word
line driver 3’, for example, it is sufficient to use V =1,
and thus Ub + 2A £ Vw, as in the specific example shown in
Fig. 7.

Thus, the present embodiment is possible to realize
lowered power consumption without any increase in chip area
similar to the case of the comparison example. It is also
possible to provide a semiconductor memory device capable of -

realizing highly reliable write operations.
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[Second Embodiment]

The first embodiment describes the casé of write
operation to one memory cell MC. 1In contrast, a second
embodiment describes the case of simultaneous write operation
to plural memory cells MC.

Fig.10iéeadiagramshowimganexampleoflineselection
at the time of write operation througha floating access method
according to the present embodiment.

When an excessive cell durrent flows in a memory cell
MC, if varies the characteristic of the memory cell MC.
Therefore, on write operation, a sense amp SA is required to
monitor the cell current flowing in the memory cell MC.

With this regard, on simultaneous write operation to
plural memory cells MC, one bit line BLOO may be determined
as a selected bit line, for example. In this case, if plural
memory cells MCO000, MC001l, ... connected thereto are
determined as selected memory cells, cell currents flowing
in these selécted memory cells MCO000, MCO001, ... flow in the
selectedbitlineBLOOinasuperimposedmanner. Accordingly,
the sense amp SAcannotmonitor thecell currentsintheselected
memory cells MC000, MCO001, ... ihdividually.

Therefore, in the present embodiment, on simultaneous
write operation to plural memory cells MC, one word line WLO1
is determined as a selected word line, for example, as shown'
inFig. 10, and plural memory cells MC000, MCO11, MC021, MCO31,

.connectedtheretoaredeterminedasselectedmemorycells.

Such the selection makesAit poséible to’monitor cell

currents in the memory cells MC at the corresponding sense
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amps SA and simultaneously write data in plural memory cells
MC.

In addition, the present embodiment is possible to
simultaneously write data in memory cells MC if they are
commonly connected to one word line WL as described above.

Therefore, in the case of the memory cell array 1 as shown

~in Fig. 2, when the word line WLO1l is determined as a selected

wordline,forexample,ji:ispossibletosﬁmmltaneouSlywrite
data in memory cells MC in two memory cell mats MMO and MM1
that share the word line WLO1l. Therefore, it is possible to
process simultaneous write operation to plural memory cells
faster. .

To the contrary, for example, as shown in Fig. 11, when
the word line WLO1 is determined as a selected word line, and
the memory cells MC connected thereto are alternately
determined as selected memory cells, it is possible to reduce
the number of memory cells MC subject to simultaneous data
write. In this case, the memory cells MC001, MC021, ... become
selectedmgmorycells,andthebitlinesBLOO,BLO2,...become
selected bit lines.

Thus, the line seiection méthod is effective if, for
example, two adjacent bit lines BL, such as BL0O0O and BLO1,
share one sense amp SA. Inaddition,itcanbéusedwhendesired
to limit the number of memory cells subject to simultaneous
data write with respect to‘the drive capability of the word
line driver 3’.

As for the bias state of the memory cell array 1 and

thepotential variationoneachlineatthetimeof set operation



10

WO 2012/160863 PCT/JP2012/056788

- 27 -

and reset operation, they are similar to those in the first
embodiment and accordingly omitted from tlie description.
[Others]

While certain.eﬁbodiments have been described, -these
embodiments have been presented by way of example only, and
arenot intended tolimit the scope of the inventions. Indeed,
the novel methods and systems described hereinmay be embodied
in a variety of other forms: furthermore, various omissions,
substitutions andchanges inthe formof themethods andsystems
described herein may be made without departing from the spirit
of the inventions. The accompanying claims and their
equivalents are intendedtx>cover~sﬁch.forms or modifications

as would fall within the scope and spirit of the inventions.
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CLATIMS

[Claim 1] A semiconductor memory device, comprising:

amemory cell array including plural first lines, plural
second lines intersecting said first lines, and plural memory
cells provided at the intersections of said plural first lines
and said plural sécond lines and operative to store data in
accordance with different resistance states; and

a write circuit operative to execute a write operation
tx>adata—write-targéted,selectedmemorycell<1fsaidplural
memory cells,

sald memory cell having a set operation for changing
sald resistance state from the first resistance state to fhe
second resistance state on application of a set voltage of
the first polarity, and a reset operation for changing séid
resistance state from the second resistance state to the first
resistancestatéonapplicationofaresetvoltageofthesepond
polarityopposite inpolaritytothe firstpolarity, andhaving
thevoltage—currentcharacteristicatsaidfirstpolarityand
the voltage-current characteristic at said second polarity
being asymmetrical, and

saidwritecircuit, onexecutionof saidwriteoperation,

executing a first step of applying a voltage across said
first and second lines connected to said selected memory cell,
and a different voltage across said first and second lines
connectedtoeadata—write—uﬁtargeted,unselectedn&morycell
of said plural memory cells and,

after exécution of said first step, executing a second
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step of applying a voltage, required for data write, across
said first and second lines connected to said selected memory
cell, and bringing at least one of said first and second lines
connected to said unselected meméry cell into the floating

state.

[Claim 2] The semiconductormemorydevice accordingtoclaim
1, wherein

the potentials on said first and second lines connected
to said selected memory cell are denoted with Ul and V1,
respectively, and thepotentialsonsaid first andsecondlines
connected to said unselected memory cell are denoted with U
énd V, respectively, and

said write circuit, on said write operation for
subjecting said memory cell to set operation, executes said

first step on condition that V - U > V1 = Ul.

[Claim 3] ThesemiconductormemorydeViceaccordingtoclaim_
2, wherein

said write circuit, on said write operation for
subjecting said memory cell to set operation, éexecutes said

Vl and U < V.

first step on condition that Ul

[Claim 4] Thesemiconductormemofydeviceaccordingtoclaim
1, wherein

the potentials on said first and second lines connected
to saild selected memory cell are denoted with Ul and Vi,

respectively, andthe potentialsonsaid first andsecondlines
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connected to said unselected memory cell are denoted with U.
and V, respectively, and

said write circuit, on said write operation for
subjecting said memory cell to reset operation, executes said

first step on condition that vl - Ul > V - U.

[Claim 5] Thesemiconductormemorydeviceaccordingtoclaim
4, wherein

said write circuit, on said write 'operation for
subjecting said memory cell to reset operation, executes said

first step on condition that V = U and Ul < V1.

[Claim 6] ThesemiconductormemorydeviceacCordingtoclaim
1, wherein

said write circuit determines plural memory.  cells
connected to one second line of said plural second lines as
selected memory cells, and executes simultaneous write

operation to said plural selected memory cells.

[Claim 7] The semiconductormemorydevice accordingtoclaim
6, wherein

said write circuit determines memory cells adjacent to
said plural selected memory cells as unselected memory cells,
and executes simultaneous write operation fo said plural

selected memory cells.

[Claim 8] A semiconductor memory device, comprising:

amemory cell array including plural first lines, plural
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second lines intersecting said first lines, and plural memory
cells provided at the intersections of said plural first lines
and said plural second lines and operative to store data in
accordance with different resistance states; and

a write circuit operative to execute a write operation
to a data-write-targeted, selected memory cell of said plural
memﬁry cells,. |

said memory cell having a set operation for changing
said resistance state from the first resistance state to the
second resistance state on application of a set voltage of
the first polarity, and a reset operation for changing said
resistance state from the second resistance state to the first

resistance stateonapplicationof areseét voltageof the second

polarity opposite in polarity to the first polarity, and

saidwritecircuit, onexecutionof saidwriteoperation,

executing a first step of applying a voltage across said
first and second lines connected to said selected memory cell,
and a different voltage across said first and second lines
connected to a data-write-untargeted, unselected memory cell
of said plural memory cells and,

after execution of said first step, executing a second
step of applying a Voltage, required for data write, across
said first and second lines connected to said selectedlnemory'
cell, and bringing at least one of said first and second lines
connected to said unselected memory cell into the flbating

state.

[Claim 9] Thesemiconductormemorydeviceaccordingtoclaim
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8, wherein

the potentials on said first and second lines connected
to said selected memory cell are denoted with Ul and V1,
respectively, and thepotentialsonsaid first and second lines
connected to said unselected memory cell areldenoted with U
and V, respeétively, and

said write circuit,. on said write operation :for
subjecting said memofy cell to set operation, executes said

first step on condition that Vv - U > V1 - Ul. -

[Claim 10] The semiconductormemorydeviceaccordingtoclaim
9, wherein |

sald write circuit, on said write operation fdr
subjecting said memory cell to set operation, executes said

first step on condition that Ul = V1 and U < V.

[Claim 11] The semiconductormemorydeviceaccordingtoclaim
8, wherein
the potentials on said first and second lines connected

to said selected memory cell are denoted with Ul and V1,

. respectively, andthepotentialsonsaidfirst andsecondlines

connected to said unselected memory cell are denoted with U
and V, respectively, and

said write circuit, on said write operation for
subjecting said memory cell to reset operation, executes said

first step on condition that V1 - Ul > Vv - U.

[Claim 12] Thesemiconductormemorydeviceaccordingtoclaim
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11, wherein
said write circuit, on said write operation  for
subjecting said memory cell to reset operation, executes said

first step on condition that V = U and Ul < VI.

[Claim 13] Thesemiconductormemorydeviceaccordingtoclaim
8, wherein

said write circuit detérmines plural memory cells
connected to one second line of said plural second lines as

selected memory cells, and executes simultaneous write

operation to said plural selected memory cells.

[Claim 14] The semiconductormemorydeviceaccordingtoclaim
13, wherein |

said write circuit determines memory cells adjacent to
said plural selected memory cells as unselected memory cells;
and executes simultaneous write operation to said plural

selected memory cells.

[Ciaim 15] A semiconductor memory device, comprising:

a memory cell array including plural memory cell mats
stacked, each memory cell mat containing plural first lines,
pluralsecondlinesintersectingséidfirstlines,andplural
memory cells providedat the intersections of saidplural first
lines and said plural second lines vand operative to store data
in accordance with different resistance states; and

a write circuit coperative to execute a write operation

to a data-write-targeted, selected memory cell of said plural
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memory cells,

a certain memory cell mat sharing said first line or
second line with another memory cell mat located adjacent to
said certain memory cell mat in the direction of stacking,

said memory cell having a set operation for changing
said resistance state from the first resistance state to the
second resistance state on application of a set voltage of
the first polarity, and a reset operation fof changing said
resistance state from the second resistance state to the first
resistance stateonapplicationof areset voltageof the second
polarityopposite inpolarity tothe firstpolarity, andhaving
thevoltage—currentcharacteristicatsaidfirstpolarityand
the voltage-current characteristic at said second polarity
being asymmetrical, and

saldwritecircuit, onexecutionof saidwriteoperation,

executing a first step of applying a certain voltage
across said first and second lines connected to said selected
‘memory cell, and applying a higher voltage than said certain
voltage across said first and second lines connected td a
data-write-untargeted, unselected memory cell of said plural
memory cells and,

after execution of said first step, executing a second
step of applying a voltage, required for data write, across
said first and second liﬁes connected to said selected memory
cell, and bringing at least one of said first and second lines
connected to said unselected memory cell into the floating

state.
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[Claim 16] Thesemiconductormemorydeviceaccordingtoclaim
15, wherein

the potentials on said first and second lines connected
to said selected memory cell are denoted with Ul and V1,
respectively, and the potentialsonsaidfirst and second lines
connected to said unselected meﬁory cell are denoted with U.
and 'V, respectively, and

said write circuit, on said write operation for
subjecting said memory cell to set operation, executes said

first step on condition that Vv - U > vl - Ul.

[Claim 17] Thesemiconductormemorydeviceaccordingtoclaim
16, wherein-

said write circuit, on said write operation for
subjecting said memory cell to set operation, executes said

first step on condition that Ul = V1 and U < V.

[Claim 18] Thesemiconductormemorydeviceaccordingtoclaim
15, wherein

the potentials on said first and second lines connected
to said selected memory cell are denoted with Ul and V1,
respectively, andthe potentialsonsaid first and second lines
connected to said unselected memory cell are denoted with U
and V, respectively, and

said write circuit, on said write operation for
subjecting said memory cell to reset operation, executes said

first step on condition that V1 - Ul > vV - U.
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[Claim 19] Thesemiconductormemorydeviceaccordingtoclaim

19, wherein

said write circuit, on said write operation for
subjecting said memory cell to reset operation, executes said

first step on condition that V = U and Ul < V1.

[Claim 20)] Thesemiconductormemorydeviceaccordingtoclaim
15, wherein |

a certain memory cell mat sharing a certain second line
with anotﬁer‘memory cell mat located adjacent to said certain
memory cell mat in the direction of stacking, and

said write circuit determines plural memory cells
connectedtosaidcertainsecondlineasselectedmemorycells,
and executes simultaneous write operation to said plural

selected memory cells.
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