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ReRAM MEMORY CELL HAVING DUAL WORD LINE CONTROL

BACKGROUND

[0001] The present invention relates to resistive random-access memory (ReRAM) cells.
More particularly, the present invention relates to ReRAM memory cells having

separately controlled series-connected word line select transistors.

[0002] ReRAM memory cells have found increasing applications in the semiconductor
industry. ReRAM memory cells employing two series-connected word line select

transistors sharing common gate connections to a word line have been used to mitigate
the high-voltage stress present between the bit line and source line during ReRAM cell

programming.

[0003] Referring first of all to FIG. 1, a schematic diagram shows an illustrative prior-art
ReRAM memory cell depicted within dashed lines 10. The ReRAM memory cell 10
includes a ReRAM device 12 connected in series with first and second series-connected
select transistors 14 and 16. A ReRAM device includes a first conductive metal electrode
serving as an ion source, a layer of a solid electrolyte material, and a second conductive
electrode. A ReRAM device may be programmed by applying a programming potential
across the first and second electrodes having a magnitude sufficient to cause ions of the
material from which the first electrode is formed to migrate from the first electrode into
the layer of solid electrolyte material to form a conductive path between the first and
second electrodes. A ReRAM device may be erased by applying across the first and
second electrodes an erase potential having a polarity opposite to that of the
programming potential and having a magnitude sufficient to cause the ions to migrate

from the conductive path in the layer of solid electrolyte material back to the ion source
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electrode. The wide end of the symbol representing the ReRAM device in all of the

drawing figures herein represents the ion source electrode.

[0004] The memory cell 10 is coupled between a bit line (BL) 18 to which one terminal
of the ReRAM device 12 is connected and a source line (SL) 20 to which the source of
the select transistor 16 is connected. The source line 20 is common to all of the memory
cells in the array. The gates of both select transistors 14 and 16 are connected together to
a word line 22. In an array of such memory cells 10, the bit line 18 and the source line 20
typically run in a column direction of the array while the word line 22 typically runs in a

row direction of the array.

[0005] The use of two series-connected select transistors 14 and 16 presents no additional
complexity compared to a single transistor select device and efficiently mitigates high-
voltage stress that exists between the bit line (BL) 18 and the source line (SL) 20 nodes

during program and erase operations.

[0006] One problem that is encountered in the prior-art ReRAM memory cell 10 of FIG.
1 1s that of gate induced drain leakage (GIDL) in the select transistors in memory cells
that are unselected during ReRAM memory cell program and erase operations. GIDL is
a leakage current that occurs due to a high electric field between the gate and drain
terminals. Because the gates of transistors 14 and 16 are connected together, a gate
voltage of OV is required to turn both transistors 14 and 16 off for unselected memory
cells. This places the entire programming voltage across the gate to drain of the transistor

14. This will result in GIDL.

BRIEF DESCRIPTION

[0007] According to an aspect of the present invention a ReRAM memory cell includes a
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ReRAM device including a solid electrolyte layer disposed between a first ion-source
electrode and a second electrode and two series-connected select transistors connected in
series with the ReRAM device, each of the two series-connected select transistors having

a gate connected to a separate control line.

[0008] According to an aspect of the present invention the two series-connected select
transistors are two series-connected n-channel select transistors connected in series to the

second electrode of the ReRAM device.

[0009] According to an aspect of the present invention, a ReRAM memory cell includes a
first node, a second node, a ReRAM device including a solid electrolyte layer disposed
between a first ion-source electrode and a second electrode, the first ion-source electrode
connected to the first node, a first n-channel select transistor connected in series with a
second n-channel select transistor between the second electrode of the ReRAM device
and the second node, the first n-channel select transistor having a gate connected to a first
select node and the second n-channel select transistor having a gate connected to a second

select node.

[0010] According to an aspect of the present invention, the first node is connected to a bit
line, the second node is connected to a source line, the first select node is connected to a

first word line, and the second select node is connected to a second word line.

[0011] According to an aspect of the present invention, the source line is a decoded

source line.

[0012] According to an aspect of the present invention, the first word line and the second

word line are decoded word lines.
[0013] According to an aspect of the present invention, the bit line is a decoded bit line.

[0014] According to an aspect of the present invention, a ReRAM memory array is
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arranged as rows and columns forming intersections and includes a plurality of ReRAM
memory cells, each ReRAM memory cell including a ReRAM device having a solid
electrolyte layer disposed between a first ion-source electrode and a second electrode and
a select circuit having two series-connected select transistors connected in series with the
ReRAM device, each of the two series-connected select transistors having a gate

connected to a separate control line.

[0015] According to an aspect of the present invention, each row of the array includes a
first word line connected to the control line of a first one of the series-connected select
transistors of every ReRAM memory cell in the row and a second word line connected to
the control line of a second one of the series-connected select transistors of every

ReRAM memory cell in the row.

[0016] According to an aspect of the present invention, each column of the array includes
a bit line connected to the first node of every ReRAM memory cell in the row and a
decoded source line connected to the second node of every ReRAM memory cell in the
row, each ReRAM device has a solid electrolyte layer disposed between a first ion-source
electrode and a second electrode, the first ion-source electrode connected to the first
node, and the two series-connected select transistors comprise a first n-channel select
transistor connected in series with a second n-channel select transistor between the
second electrode of the ReRAM device and the second node, the first n-channel select
transistor having a gate connected to a first select node and the second n-channel select

transistor having a gate connected to a second select node.

[0017] According to an aspect of the present invention, each row of the array includes a
first word line connected to the gate of the first n-channel select transistor of every
ReRAM memory cell in the row and a second word line connected to the gate of the first

n-channel select transistor of every ReRAM memory cell in the row.
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[0018] According to an aspect of the present invention, each column of the array includes
a bit line connected to the first node of every ReRAM memory cell in the row and a
decoded source line connected to the second node of every ReRAM memory cell in the

TOW.

[0019] According to an aspect of the present invention a method 1s disclosed for
programming a ReRAM memory cell that includes a ReRAM device including a solid
electrolyte layer disposed between a first ion-source electrode at a bit line node and a
second electrode and a select circuit including two series-connected select transistors
connected in series with the ReRAM device at its second electrode to a source line node,
each of the two series-connected select transistors having a gate connected to a separate
control line. The method includes determining if the ReRAM cell is selected for
programming, if the ReRAM cell is selected for programming, biasing the bit line node
at a first voltage potential, biasing the source line node at a second voltage potential less
than the first voltage potential, the difference between the first voltage potential and the
second voltage potential being sufficient to program the ReRAM device in the ReRAM
cell, and supplying the gate of the one of the series-connected transistors having its
source connected to the source line node with positive voltage pulses having a first
magnitude, and supplying the gate of the other one of the series-connected transistors
with positive voltage pulses having a second magnitude higher than the first magnitude,
and if the ReRAM cell is unselected for programming, supplying the gate of the one of
the series-connected transistors having its source connected to the source line node with a

voltage potential insufficient to turn it on.

[0020] According to an aspect of the present invention a method 1s disclosed for erasing a
ReRAM memory cell that includes a ReRAM device including a solid electrolyte layer

disposed between a first ion-source electrode at a bit line node and a second electrode and
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a select circuit including two series-connected select transistors connected in series with
the ReRAM device at its second electrode to a source line node, each of the two series-
connected select transistors having a gate connected to a separate control line. The
method includes determining if the ReRAM cell 1s selected for erasing, if the ReRAM
cell is selected for erasing, biasing the bit line node at a first voltage potential, biasing the
source line node at a second voltage potential greater than the first voltage potential, the
difference between the first voltage potential and the second voltage potential being
sufficient to erase the ReRAM device in the ReRAM cell, and supplying the gates of the
series-connected transistors with positive voltage pulses, and if the ReRAM cell is
unselected for erasing, supplying the gate of the one of the series-connected transistors
having its drain connected to the second electrode of the ReRAM device with a voltage

potential insufficient to turn it on.

BRIEF DESCRIPTION OF THE DRAWING FIGURES

[0021] The invention will be explained in more detail in the following with reference to

embodiments and to the drawing in which are shown:
[0022] FIG. 1 is a schematic diagram of an illustrative prior-art ReRAM memory cell;

[0023] FIG. 2 1s a schematic diagram of an illustrative ReRAM memory cell in

accordance with an aspect of the present invention;

[0024] FIG. 3 is a schematic diagram of an illustrative array of ReRAM memory cells in

accordance with an aspect of the present invention;

[0025] FIG. 4 is a table showing exemplary voltage potentials applied to the ReRAM

memory cells of the present invention during its various modes of operation;

[0026] FIG. 5A is a waveform diagram showing an exemplary programming pulse
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sequence used to program ReRAM memory cells; and

[0027] FIG. 5B is a waveform diagram showing an exemplary erase pulse sequence used

to erase ReRAM memory cells.

DETAILED DESCRIPTION

[0028] Persons of ordinary skill in the art will realize that the following description is
illustrative only and not in any way limiting. Other embodiments will readily suggest

themselves to such skilled persons.

[0029] Referring now to FIG. 2, a schematic diagram shows an illustrative ReRAM
memory cell in accordance with an aspect of the present invention depicted within dashed
lines 30. The ReRAM memory cell 30 includes a ReRAM device 32 connected in series
with first and second series-connected select transistors 34 and 36. The memory cell 30 is
coupled between a bit line (BL) 38 to which one terminal of the ReRAM device 32 (a
“bit line node™) is connected and a source line (SL) 40 to which the source of the select
transistor 36 (a “source line node”) is connected. The source line (SL) 40 is a decoded
source line and is addressed by a source line decoder as will be seen with reference to
FIG. 3. The reason for decoding the source line (SL) 40 is to avoid stressing the ReRAM
memory cells 30 connected to bit lines in columns of the array not being programmed or
erased during a programming or erase operation. The gate of the select transistor 34 is
connected to a word line (WLA) 42. The gate of the select transistor 36 is connected to a
word line (WLB) 44. Providing separate control of the gates of select transistors 34 and
36 in accordance with the present invention provides a distinct advantage. In an array of
such memory cells 30, the bit line 38 and the source line 40 typically run in a column
direction of the array while the word lines 42 and 44 typically run in a row direction of

the array.
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[0030] Referring now to FIG. 3, a schematic diagram depicts an illustrative array 50 of
ReRAM memory cells in accordance with an aspect of the present invention. The array
50 1s shown having three rows and three columns for purposes of illustration. Persons of
ordinary skill in the array will appreciate that arrays of arbitrary sizes are within the

scope of the present invention.

[0031] The first row of the array 50 includes ReRAM memory cells 30-00, 30-01, and 30-
02 shown inside dashed lines. The second row of the array 50 includes ReRAM memory
cells 30-10, 30-11, and 30-12 shown inside dashed lines. The third row of the array 50
includes ReRAM memory cells 30-20, 30-21, and 30-22 shown inside dashed lines. The
first column of the array includes ReRAM memory cells 30-00, 30-10, and 30-20. The
second column of the array includes ReRAM memory cells 30-01, 30-11, and 30-21. The
third column of the array includes ReRAM memory cells 30-02, 30-12, and 30-22.

[0032] ReRAM memory cells 30-00, 30-10, and 30-20 in the first column of the array are
connected between bit line (BL0) 38-0 and source line (SL0O) 40-0. ReRAM memory cells
30-01, 30-11, and 30-21 in the second column of the array are connected between bit line
(BL1) 38-1 and source line (SL1) 40-1. ReRAM memory cells 30-02, 30-12, and 30-22

in the third column of the array are connected between bit line (BL2) 38-2 and source line

(SL2) 40-2.

[0033] The gates of the select transistors 34-00, 34-01, and 34-02 in ReRAM memory
cells 30-00, 30-01, and 30-02, respectively, in the first row of the array are connected to
word line (WLAO) 42-0. The gates of the select transistors 36-00, 36-01, and 36-02 in
ReRAM memory cells 30-00, 30-01, and 30-02, respectively, in the first row of the array
are connected to word line (WLBO) 44-0.

[0034] The gates of the select transistors 34-10, 34-11, and 34-12 in ReRAM memory

cells 30-10, 30-11, and 30-12, respectively, in the second row of the array are connected
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to word line (WLA1) 42-1. The gates of the select transistors 36-10, 36-11, and 36-12 in
ReRAM memory cells 30-10, 30-11, and 30-12, respectively, in the second row of the
array are connected to word line (WLB1) 44-1.

[0035] The gates of the select transistors 34-20, 34-21, and 34-22 in ReRAM memory
cells 30-20, 30-21, and 30-22, respectively, in the third row of the array are connected to
word line (WLA2) 42-2. The gates of the select transistors 36-20, 36-21, and 36-22 in
ReRAM memory cells 30-20, 30-21, and 30-220, respectively, in the third row of the
array are connected to word line (WLB2) 44-2.

[0036] A source line decoder 52 drives the source lines 40-0, 40-1, and 40-2 to the
voltages necessary to enable the operations of the memory cells in the array in the various
modes of operation. The operation of the source line decoder 52 is directed by a memory
controller 54. The addresses provided to the source line decoder 52 may be the same
addresses provided to a bit line decoder 56 used to drive and sense the bit lines 38-0, 38-
1, and 38-2. A word line decoder 58 drives the word lines 42-0, 42-1, 42-2, 44-0, 44-1,
and 44-2 to the voltages necessary to enable the operations of the memory cells in the
array in the various modes of operation. The operation of the bit line decoder 56 and
word line decoder 58 are directed by the memory controller 54 (connection omitted for
simplicity). The circuitry internal to the source line decoder 52, the memory controller
54, the bit line controller 56, and the word line controller 58 are easily configured by
persons of ordinary skill in the art having knowledge of memory array control circuits
and the various potentials that need to be applied to the memory cells during the various
modes of operation set forth herein. Exemplary potentials are set forth in the table of FIG.
4,

[0037] Referring now to FIG. 4, a table shows exemplary voltage potentials applied to the

ReRAM memory cells of the present invention during its various modes of operation
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including Read, Program, Program Inhibit, Erase and Erase Inhibit. Persons of ordinary
skill in the art will appreciate that the voltage values given in the table of FIG. 4 provide
general guidance in the operation of the ReRAM memory cells of the present invention
and that exact values for any actual array of ReRAM memory cells according to the
present invention will depend on device geometries and design considerations, as well as

particular fabrication steps and processes.

[0038] FIG. 5A and 5B are waveform diagrams showing an exemplary programming
pulse sequence used to program and erase ReRAM memory cells, respectively. FIG. SA
shows an exemplary programming pulse sequence used to program ReRAM memory
cells. and FIG. 5B shows an exemplary pulse sequence used to erase ReRAM memory
cells. The different voltages applied to the word lines WLA (42) and WLB (44) during
programming are shown as solid lines (WLA) and dashed lines (WLB) in FIG. 5A. The
single trace in FIG. 5B reflects the fact that both word lines WLA (42) and WLB (44) are

driven to the same voltage (1.8V) during erase.

[0039] The Read column of the table of FIG. 4 shows exemplary potentials applied to the
various inputs of the ReRAM memory cell during a read operation. The decoded source
line 40 1s set to OV. The word lines WLA 42 and WLB 44 for the row selected for
reading are both driven to 1V. The voltage at the bit line 38 is sensed. The bit line 38 is
clamped at a voltage limited to about 0.3V. If the ReRAM device in the memory cell is in
a programmed (low impedance) state, the voltage at the bit line 38 will be pulled down to
close to OV since the select transistors are both in an on condition. If the ReRAM device
in the memory cell is in an erased (high impedance) state, the voltage at the bit line 38
will remain at a level close to the 0.3V clamp value. The word lines WLA 42 and WLB
44 for unselected rows are both driven to OV so as to keep the respective select transistors

34, 36 1n an off state.
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[0040] The Pgm column of the table of FIG. 4 shows exemplary potentials applied to the
various inputs of the ReRAM memory cell during a programming operation.
Programming is controlled on a row basis in the array. There are numerous ways to
program a ReRAM device. FIG. 5 shows one particular exemplary method in which a
series of programming pulses are provided to both the word lines WLA 42 and WLB 44
of a selected row. In the example of FIGS. 4 and 5, the bit lines 38 are driven to 2.4V and
the decoded source line is set to OV. The word line WLA 42 of the selected row is driven
by a series of 2.4V programming pulses interleaved with 1V read pulses during which the
resistance of the ReRAM device 1s measured. The word line WLB 44 of the selected row
is driven by a series of 2.0V programming pulses interleaved with 1V read pulses during
which the resistance of the ReRAM device 1s measured. In the example of FIG. 5A, the
programming pulses are continued until the resistance of the ReRAM device 12 reaches a
predetermined level to indicate that it has been successfully programmed. There is no
requirement that the actual resistance of the ReRAM device 12 be measured, and a
comparison against a predetermined threshold is sufficient, where resistance less than the
predetermined threshold 1s used to indicate that it has been successfully programmed. By
applying different programming pulse voltages to the word lines WLA 42 and WLB 44 in
cells to be programmed, the impedances of the transistors 34 and 36 are kept
approximately equal and both transistors 34 and 36 dissipate approximately the same
power. In other words, the amplitude of the pulse voltages are selected so that

approximately the same power is dissipated by each of transistors 34 and 36.

[0041] The Pgm Inhibit column of the table of FIG. 4 shows exemplary potentials applied
to the various inputs of the ReRAM memory cell 30 during a programming operation
where the ReRAM memory cell 30 1s to be inhibited from being programmed.
Programming is controlled on a row basis in the array and the word lines WLB 44 in

rows containing ReRAM devices that are to remain unprogrammed are set to OV to
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inhibit programming. The word lines WLA 42 are set to 1.2V, which, as will be
described further, is a non-limiting embodiment of particular voltage which ensures that
gate to drain voltage of both transistors 34 and 36 is approximately equal and 1s
approximately half of the applied programming voltage. The bit line and source line
voltages are set to the same levels as in the Pgm column. The transistor 36 is turned off
because its gate is at OV. The drain voltage at transistor 36 is set by the gate voltage at the
transistor 34 and 1s limited to the gate to source voltage of the transistor 34 which in the
present non-limiting embodiment is less than about 0.2V. Under these conditions, the
gate to drain voltage of both transistors 34 and 36 is approximately equal and 1s
approximately half of the applied programming voltage. This reduces the electric field
that causes GIDL to be approximately equal in both transistors 34 and 36 and thus about
half of what it would be on transistor 14 in the prior-art cell of FIG. 1.

[0042] The Erase column of the table of FIG. 4 shows exemplary potentials applied to the
various inputs of the ReRAM memory cell during an erase operation. Like programming,
erasing is controlled on a row basis in the array. In the example in the table of FIG. 4, the
bit lines 38 are driven to OV and the decoded source line is set to 1.8V. The word lines
WLA 42 and WLB 44 in a row selected for erase are both driven by a series of 1.8V
erase pulses to provide maximum current flow through both transistors 34 and 36. The
erase pulses are interleaved with 1V read pulses during which the resistance of the
ReRAM device is measured. In the example of FIG. 5B, the erase pulses are continued
until the resistance of the ReRAM device 12 reaches a predetermined level to indicate
that it has been successfully erased. There 1s no requirement that the actual resistance of
the ReRAM device 12 be measured, and a comparison against a predetermined threshold
1s sufficient, where resistance greater than the predetermined threshold is used to indicate
that it has been successfully erased. There is no reason to apply different voltages to the

gates of the two transistors 34 and 36 because there is no GIDL condition present while a
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ReRAM memory cell is being erased since the gate-to-drain voltage of both transistors 34
and 36 in a ReRAM memory cell being erased in the present embodiments is about 0.6V.

[0043] The Erase Inhibit column of the table of FIG. 4 shows exemplary potentials
applied to the various inputs of the ReRAM memory cell during an erase operation where
the ReRAM memory cell is to be inhibited from being erased. Erasing is controlled on a
row basis in the array and the word lines WLA 42 in rows containing ReRAM devices
that are to be inhibited from being erased are set to OV to inhibit erasing. The word lines
WLB in rows containing ReRAM devices that are to be inhibited from being erased are
set in this non-limiting embodiment to 1.2V. The bit line and source line voltages are set
to the same levels as in the Erase column. By setting word lines WLB2 to 1.2V, the erase
voltage 1s divided approximately equally between transistors 34 and 36 and GIDL is
inhibited in transistor 36. The particular voltage to be applied to WLB2 during erase 1s
selected so that the erase voltage is divided approximately equally between transistors 34

and 36.

[0044] The use of two series-connected NMOS transistors 34 and 36 whose gates are
driven to different voltages by separate word lines reduces the GIDL problem during
program inhibit and erase inhibit. By applying different programming pulse voltages to
the word lines WLA 42 and WLB 44 in cells to be programmed, the impedances of the
transistors 34 and 36 are kept approximately equal and dissipate approximately the same

power.

[0045] The use of two series-connected NMOS transistors driven by separate word lines
also provides a reduction of gate induced drain leakage (GIDL) in the select transistors
during the program inhibit and erase inhibit operations. This allows for targeted gate
voltage control for significant reduction in GIDL for the unselected cutoff paths. Lower

GIDL translates to lower overall power consumption during programming and erasing
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operations and higher sensing accuracy during read operations.

[0046] In the program inhibit case, setting the WLA voltage to 1.2V reduces the
magnitude of the electric field between the gate and drain of NMOS transistor 34 in FIG.
2 as compared to the prior-art cell depicted in FIG. 1, which results in significantly lower
GIDL. In addition, this biasing scheme effectively divides the voltage between the bit
line (BL) 38 and the source line (SL) 40, limiting the maximum voltage exposure for
each of the series-connected transistors 34 and 36.

[0047] In the erase inhibit case, setting the WLB voltage to 1.2V reduces the magnitude
of the electric field between the gate and source of NMOS transistor 36 as compared to
the prior-art cell depicted in FIG. 1, which also results in significantly lower GIDL. As
was the case in the program inhibit case, this biasing scheme effectively divides the
voltage between the bit line (BL) 38 and the source line (SL) 40, limiting the maximum
voltage exposure for each of the series-connected transistors 34 and 36.

[0048] As indicated above, the particular voltages utilized are not meant to be limiting,
and are provided merely as specific examples of appropriate voltages for certain presently

available transistors.

[0049] While embodiments and applications of this invention have been shown and
described, it would be apparent to those skilled in the art that many more modifications
than mentioned above are possible without departing from the inventive concepts herein.

The invention, therefore, is not to be restricted except in the spirit of the appended claims.

14
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What 1s claimed is:

1. A ReRAM memory cell comprising:
a ReRAM device including a solid electrolyte layer disposed between a
first 1on-source electrode and a second electrode;
two series-connected select transistors connected in series with the ReRAM
device, each of the two series-connected select transistors having a gate connected to a

separate control line.

2. The ReRAM memory cell of claim 1 wherein the two series-connected
select transistors comprise two series-connected n-channel select transistors connected in

series to the second electrode of the ReRAM device.

3. A ReRAM memory cell comprising:
a first node;
a second node;

a ReRAM device including a solid electrolyte layer disposed between a
first 1on-source electrode and a second electrode, the first ion-source electrode connected
to the first node;

a first n-channel select transistor connected in series with a second n-
channel select transistor between the second electrode of the ReRAM device and the
second node, the first n-channel select transistor having a gate connected to a first select
node and the second n-channel select transistor having a gate connected to a second select

node.

4. The ReRAM memory cell of claim 3 wherein;

the first node 1s connected to a bit line;

15
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the second node 1s connected to a source line;
the first select node is connected to a first word line; and

the second select node is connected to a second word line.

5. The ReRAM memory cell of claim 4 wherein the source line is a decoded

source line.

6. The ReRAM memory cell of claim 4 wherein the first word line and the

second word line are decoded word lines.

7. The ReRAM memory cell of claim 4 wherein the bit line is a decoded bit

line.

8. A ReRAM memory array arranged as rows and columns forming
intersections, the ReRAM memory array comprising:
a plurality of ReRAM memory cells, each ReRAM memory cell including a
ReRAM device having a solid electrolyte layer disposed between a first ion-source
electrode and a second electrode and a select circuit having two series-connected select
transistors connected in series with the ReRAM device, each of the two series-connected

select transistors having a gate connected to a separate control line.

9. The ReRAM memory array of claim 8 wherein the first and second select

transistors are n-channel transistors.

10.  The ReRAM memory array of claim 8 wherein each row of the array

includes a first word line connected to the control line of a first one of the series-
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connected select transistors of every ReRAM memory cell in the row and a second word
line connected to the control line of a second one of the series-connected select transistors

of every ReRAM memory cell in the row.

11.  The ReRAM memory array of claim 8 wherein each column of the array
includes a bit line connected to the first node of every ReRAM memory cell in the row
and a decoded source line connected to the second node of every ReRAM memory cell in

the row.

12. The ReRAM memory array of claim 8 wherein:

each ReRAM device has a solid electrolyte layer disposed between a first ion-
source electrode and a second electrode, the first ion-source electrode connected to the
first node; and

the two series-connected select transistors comprise a first n-channel select
transistor connected in series with a second n-channel select transistor between the
second electrode of the ReRAM device and the second node, the first n-channel select
transistor having a gate connected to a first select node and the second n-channel select

transistor having a gate connected to a second select node.

13. The ReRAM memory array of claim 12 wherein each row of the array
includes a first word line connected to the gate of the first n-channel select transistor of
every ReRAM memory cell in the row and a second word line connected to the gate of

the first n-channel select transistor of every ReRAM memory cell in the row.

14.  The ReRAM memory array of claim 12 wherein each column of the array

includes a bit line connected to the first node of every ReRAM memory cell in the row
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and a decoded source line connected to the second node of every ReRAM memory cell in

the row.

15. A method for programming a ReRAM memory cell that includes a ReRAM
device including a solid electrolyte layer disposed between a first ion-source electrode at
a bit line node and a second electrode and a select circuit including two series-connected
select transistors connected in series with the ReRAM device at its second electrode to a
source line node, each of the two series-connected select transistors having a gate
connected to a separate control line, the method comprising:

determining if the ReRAM cell is selected for programming;

if the ReRAM cell 1s selected for programming, biasing the bit line node at
a first voltage potential, biasing the source line node at a second voltage potential less
than the first voltage potential, the difference between the first voltage potential and the
second voltage potential being sufficient to program the ReRAM device in the ReRAM
cell, and supplying the gate of the one of the series-connected transistors having its
source connected to the source line node with positive voltage pulses having a first
magnitude, and supplying the gate of the other one of the series-connected transistors
with positive voltage pulses having a second magnitude higher than the first magnitude;
and

if the ReRAM cell is unselected for programming, supplying the gate of the
one of the series-connected transistors having its source connected to the source line node

with a voltage potential insufficient to turn it on.

16. The method for programming according to claim 15, further comprising;:
if the ReRAM cell is unselected for programming, supplying the gate of the one of

the series-connected transistors having its drain connected to the ReRAM device at its
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second electrode with a voltage potential such that the gate to drain voltage of the two

series-connected select transistors is approximately equal.

17. A method for erasing a ReRAM memory cell that includes a ReRAM
device including a solid electrolyte layer disposed between a first ion-source electrode at
a bit line node and a second electrode and a select circuit including two series-connected
select transistors connected in series with the ReRAM device at its second electrode to a
source line node, each of the two series-connected select transistors having a gate
connected to a separate control line, the method comprising:

determining if the ReRAM cell is selected for erasing;

if the ReRAM cell 1s selected for erasing, biasing the bit line node at a first
voltage potential, biasing the source line node at a second voltage potential greater than
the first voltage potential, the difference between the first voltage potential and the
second voltage potential being sufficient to erase the ReRAM device in the ReRAM cell,
and supplying the gates of the series-connected transistors with positive voltage pulses;
and

if the ReRAM cell 1s unselected for erasing, supplying the gate of the one
of the series-connected transistors having its drain connected to the second electrode of

the ReRAM device with a voltage potential insufficient to turn it on.

18. The method for erasing according to claim 17, further comprising:
if the ReRAM cell 1s unselected for erasing, supplying the gate of the other series-
connected transistors with a voltage potential selected to divide the voltage evenly

between the two series-connected select transistors.
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