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(57) ABSTRACT

A resistive random access memory (RRAM) device and oper-
ating method are disclosed herein. The RRAM device
includes at least one RRAM cell and a control circuit. The
RRAM cell includes a bottom electrode, an amorphous
Indium-Gallium-Zinc-Oxide (a-1GZ0) layer, a Tilayerand a
top electrode. The a-1GZO layer is disposed on the bottom
layer. The Ti layer is disposed on the a-IGZO layer. The top
electrode is disposed on the Ti layer. The control circuit is
configured to provide at least one electrical signal to the
RRAM cell, so as to change the resistance value of the RRAM
cell.
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RESISTIVE RANDOM ACCESS MEMORY
DEVICE AND OPERATING METHOD
THEREOF

RELATED APPLICATIONS

This application claims priority to Taiwan Application
Serial Number 101142391, filed Nov. 14, 2012, which is
herein incorporated by reference.

BACKGROUND

1. Field of Invention

The present disclosure relates to a memory device and an
operating method thereof. More particularly, the present
invention relates to a resistive random access memory device
and an operating method thereof.

2. Description of Related Art

With advances in technology, non-volatile memories have
been widely used in various kinds of electronic devices, such
as laptop computers, mobile phones, tablet computers, and so
on. The resistive random access memory (RRAM) cell with
characteristics of simple structure, low power consumption,
low operating voltage, and high operating speed has become
an important subject of research in the field of non-volatile
memories.

In addition, with advances in display technology, the
implementation of system-on-panel (SOP) technology, in
which a system is integrated onto a panel, has also become a
popular subject of research today. The manufacturing pro-
cesses associated with non-volatile memories are critical with
respect to SOP technology. However, due to the constraints
with respect 1o the manufacturing materials and manufactur-
ing conditions (e.g. temperature used in the manufacturing
process) of currently existing non-volatile memories, the
manufacturing processes associated with non-volatile memo-
ries are not compatible with the manufacturing processes of
display panels. Hence, it is still difficult to integrate non-
volatile memories into a system-on-panel device.

Hence, to enable more widespread use of the RRAM cell,
anew kind of RRAM cell should be provided.

SUMMARY

One aspect of the present invention is directed to an oper-
ating method of a resistive random access memory (RRAM)
device.

In accordance with one embodiment of the present inven-
tion, the RRAM device comprises at least one RRAM cell.
The RRAM cell comprises a bottom electrode, an amorphous
Indium-Gallium-Zinc-Oxide (a-IGZO) layer disposed on the
bottom layer, a Ti layer disposed on the a-1GZO layer, and a
top electrode disposed on the Ti layer. The operating method
includes providing at least one electrical signal to the RRAM
cell, so as to change the resistance value of the RRAM cell.

In accordance with one embodiment of the present inven-
tion, the step of providing the at least one electrical signal to
the RRAM cell includes providing a set voltage to the RRAM
cell, and limiting a current passing through the RRAM cell, so
as to change the resistance value of the RRAM cell.

In accordance with one embodiment of the present inven-
tion, the RRAM cell has a first resistance value at an initial
state, and the step of providing the set voltage to the RRAM
cell and limiting the current passing through the RRAM cell
includes providing the set voltage to the RRAM cell having
the first resistance value, and limiting the current passing
through the RRAM cell to a first current limit, such that the
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2

resistance value of the RRAM cell is changed to a second
resistance value. The second resistance value is smaller than
the first resistance value.

In accordance with one embodiment of the present inven-
tion, the step of providing the set voltage to the RRAM cell
and limiting the current passing through the RRAM cell
includes providing the set voltage to the RRAM cell having
the first resistance value, and limiting the current passing
through the RRAM cell to a second current limit, such that the
resistance value of the RRAM cell is changed to a third
resistance value; and providing the set voltage to the RRAM
cell having the first resistance value, and limiting the current
passing through the RRAM cell to a third current limit, such
that the resistance value of the RRAM cell is changed to a
fourth resistance value. The third current limit is larger than
the second current limit, and the second current limit is larger
than the first current limit. The fourth resistance value is
smaller than the third resistance value, and the third resistance
value is smaller than the second resistance value.

In accordance with one embodiment of the present inven-
tion, the operating method further includes providing a reset
voltageto the RRAM cell after providing the set voltage to the
RRAM cell, such that the resistance value of the RRAM cell
is reset to the first resistance value.

In accordance with one embodiment of the present inven-
tion, the electrical polarity of the set voltage is opposite to the
electrical polarity of the reset voltage.

In accordance with one embodiment of the present inven-
tion, the step of providing the at least one electrical signal to
the RRAM cell includes providing at least one pulse signal to
the RRAM cell, 5o as to change the resistance value of the
RRAM cell.

In accordance with one embodiment of the present inven-
tion, the RRAM cell has a first resistance value at an initial
state, and the step of providing the at least one pulse signal to
the RRAM cell includes providing a first pulse signal to the
RRAM cell having the first resistance value, such that the
resistance value of the RRAM cell is changed to a second
resistance value; providing a second pulse signal to the
RRAM cell having the second resistance value, such that the
resistance value of the RRAM cell is changed to a third
resistance value; providing a third pulse signal to the RRAM
cell having the third resistance value, such that the resistance
value of the RRAM cell is changed to a fourth resistance
value; and providing a fourth pulse signal to the RRAM cell
having the fourth resistance value, such that the resistance
value of the RRAM cell is changed to the first resistance
value.

In accordance with one embodiment of the present inven-
tion, the electrical polarity of the fourth pulse signal is oppo-
site to the electrical polarity of the third pulse signal, and the
electrical polarity of the third pulse signal is the same as the
electrical polarities of the second pulse signal and the first
pulse signal.

In accordance with one embodiment of the present inven-
tion, the amplitude of the third pulse signal is larger than the
amplitude of the second pulse signal, and the amplitude of the
second pulse signal is larger than the amplitude of the first
pulse signal.

In accordance with one embodiment of the present inven-
tion, the first resistance value is larger than the second resis-
tance value, the second resistance value is larger than the third
resistance value, and the third resistance value is larger than
the fourth resistance value.

In accordance with one embodiment of the present inven-
tion, the pulse widths of the third pulse signal, the second
pulse signal and the first pulse signal are the same, and the
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pulse width of the fourth pulse signal is greater than the pulse
width of the third pulse signal.

Another aspect of the present invention is directed to a
RRAM device. In accordance with one embodiment of the
present invention, the RRAM device includes at least one
RRAM cell and a control circuit. The RRAM cell includes a
bottom electrode, an a-IGZO layer disposed on the bottom
layer, a Ti layer disposed on the a-IGZO layer, and a top
electrode disposed on the Ti layer. The control circuit config-
ured to provideatleast one electrical signal to the RRAM cell,
so as to change the resistance value of the RRAM cell.

In accordance with one embodiment of the present inven-
tion, the control circuit is further configured to provide a set
voltage to the RRAM cell and limit a current passing through
the RRAM cell, so as to change the resistance value of the
RRAM cell.

In accordance with one embodiment of the present inven-
tion, the RRAM cell has a first resistance value at an initial
state, and when the control circuit provides the set voltage to
the RRAM cell having the first resistance value and limits the
current passing through the RRAM cell to a first current limit,
the resistance value of the RRAM cell is changed to a second
resistance value. The second resistance value is smaller than
the first resistance value.

In accordance with one embodiment of the present inven-
tion, when the control circuit provides the set voltage to the
RRAM cell having the first resistance value and limits the
current passing through the RRAM cell to a second current
limit, the resistance value of the RRAM cell is changed to a
third resistance value. Moreover, when the control circuit
provides the set voltage to the RRAM cell having the first
resistance value and limits the current passing through the
RRAM cell to a third current limit, the resistance value of the
RRAM cell is changed to a fourth resistance value. The third
current limit is larger than the second current limit. The sec-
ond current limit is larger than the first current limit. The
fourth resistance value is smaller than the third resistance
value. The third resistance value is smaller than the second
resistance value.

In accordance with one embodiment of the present inven-
tion, the control circuit is further configured to provide a reset
voltage to the RRAM cell after providing the set voltage to the
RRAM cell, such that the resistance value of the RRAM cell
is reset to the first resistance value.

In accordance with one embodiment of the present inven-
tion, the electrical polarity of the set voltage is opposite to the
electrical polarity of the reset voltage.

In accordance with one embodiment of the present inven-
tion, the control circuit is further configured to provide atleast
one pulse signal to the RRAM cell, so as to change the
resistance value of the RRAM cell.

In accordance with one embodiment of the present inven-
tion, the RRAM cell has a first resistance value at an initial
state. The control circuit is further configured to provide a first
pulse signal to the RRAM cell having the first resistance
value, such that the resistance value of the RRAM cell is
changed to a second resistance value; to provide a second
pulse signal to the RRAM cell having the second resistance
value, such that the resistance value of the RRAM cell is
changed to a third resistance value; and to provide a fourth
pulse signal to the RRAM cell having the fourth resistance
value, such that the resistance value of the RRAM cell is
changed to the first resistance value.

In accordance with one embodiment of the present inven-
tion, the electrical polarity of the fourth pulse signal is oppo-
site to the electrical polarity of the third pulse signal, and the
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electrical polarity of the third pulse signal is the same as the
electrical polarities of the second pulse signal and the first
pulse signal.

In accordance with one embodiment of the present inven-
tion, the amplitude of the third pulse signal is larger than the
amplitude of the second pulse signal, and the amplitude of the
second pulse signal is larger than the amplitude of the first
pulse signal.

In accordance with one embodiment of the present inven-
tion, the first resistance value is larger than the second resis-
tance value, and the second resistance value is larger than the
third resistance value, and the third resistance value is larger
than the fourth resistance value.

In accordance with one embodiment of the present inven-
tion, the pulse widths of the third pulse signal, the second
pulse signal and the first pulse signal are the same, and the
pulse width of the fourth pulse signal is greater than the pulse
width of the third pulse signal.

In summary, by using the embodiments aforementioned, a
RRAM device can be realized. The material used to make the
transistor layer of the RRAM can be the same as the material
used to make the conductive layer of some display panels. In
addition, due to the fact that the material used to make the
transistor layer of the RRAM can be deposited at or slightly
above room temperature (e.g., 27° C.-100° C.), the material
used to make the transistor layer of the RRAM can be directly
formed on a glass substrate, and this is advantageous in the
implementation of a system-on-panel device. Furthermore, in
the abovementioned embodiments, by applying pulse signals
to the RRAM cell or limiting currents passing through the
RRAM cell, the RRAM cell can be switched to a plurality of
storage states, such that the storage density of the RRAM cell
can be increased.

BRIEF DESCRIPTION OF THE DRAWINGS

The invention can be more fully understood by reading the
following detailed description of the embodiments, with ref-
erence made to the accompanying drawings as follows:

FIG. 1 is a resistive random access memory (RRAM)
device in accordance with one embodiment of the present
disclosure;

FIG.2isaRRAM cellin accordance with one embodiment
of the present disclosure;

FIG. 3 is an operating method of the RRAM device in
accordance with the first embodiment of the present disclo-
sure;

FIG. 4 is a diagram illustrating a resistive switching behav-
ior of the RRAM cell when subjected to different current
limits in accordance with one embodiment of the present
disclosure;

FIG. 5 is a diagram illustrating a data retention capability
of the RRAM cell in accordance with one embodiment of the
present disclosure;

FIG. 6 is an operating method of the RRAM device in
accordance with the second embodiment of the present dis-
closure; and

FIG. 7 is a diagram illustrating transitions between storage
states of the RRAM cell in accordance with the second
embodiment of the present disclosure.

DETAILED DESCRIPTION

In the following detailed description, for purposes of
explanation, numerous specific details are set forth in order to
attain a thorough understanding of the disclosed embodi-
ments. It will be apparent, however, that one or more embodi-
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ments may be practiced without these specific details. In other
instances, well-known structures and devices are schemati-
cally shown in order to simplify the drawing.

FIG. 1 is a resistive random access memory (RRAM)
device 100 in accordance with one embodiment of the present
disclosure. The RRAM device 100 includes a control circuit
110 and at least one RRAM cell 120. The control circuit 110
can be electrically connected to the RRAM cell 120, and
configured to provide at least one electrical signal (e.g., a
voltage or a current) to the RRAM cell 120, so as to change
the resistance value of the RRAM cell 120 and thereby switch
the RRAM cell 120 to a plurality of storage states. The control
circuit 110 can be constructed, for example, with transistors
and/or diodes.

FIG. 2 is the RRAM cell 120 in accordance with one
embodiment of the present disclosure. The RRAM cell 120
can be disposed on a substrate 10. The substrate 10 can be, for
example, a silicon substrate or a glass substrate.

The RRAM cell 120 can include a bottom electrode 122, an
amorphous Indium-Gallium-Zine-Oxide (a-1GZ0) layer
124, a Ti layer 126, and a top electrode 128. The bottom
electrode 122 can be disposed on the substrate 10, and can be
made of, for example, Pt, Ir, Au, TiN or any combination of
these materials. The a-IGZO layer 124 can be disposed on the
bottom electrode 122. The Ti layer 126 can be disposed on the
a-1GZ0 layer 124 to increase the stability of the RRAM cell
120. The top electrode 128 can be disposed on the Ti layer
126, and can be made of, for example, TiN. In addition all of
the bottom electrode 122, the a-1GZO layer 124, the Ti layer
126, and top electrode 128 can be manufactured by physical
vapor deposition at or slightly above room temperature (e.g.,
27° C.-100° C.).

In one embodiment, the thickness of the bottom electrode
122 can be, for example, 60 nanometers; the thickness of the
a-IGZ0 layer 124 can be, for example, 50 nanometers; the
thickness of the Ti layer 126 can be, for example, 10 nanom-
eters; and the thickness of the top electrode 128 can be, for
example, 70 nanometers.

In addition, in one embodiment, another Ti layer or a NiO2
layer (not shown) can be disposed between the RRAM cell
120 and the substrate 10, so that the bottom layer 122 is better
adhered on the substrate 10. The thickness of this Ti layer or
NiO2 layer can be, for example, 20 nanometers.

With such a configuration (of the RRAM cell 120), due to
the resistance switching characteristic of the a-IGZO layer
124, the resistance value of the RRAM cell 120 can be
changed while receiving the at least one electrical signal, and
therefore the RRAM cell 120 can have a plurality of storage
states. Moreover, in the abovementioned embodiment, the
material used to make the transistor layer of the RRAM is
a-IGZ0 which can be the same material used to make the
conductive layer of some display panels. In addition the
RRAM cell 120 can be manufactured in such a manner that
each layer thereof is deposited at room temperature, and
hence, the RRAM cell 120 can be directly formed on a flex-
ible substrate or glass substrate (having a melting point of
about350° C.). Therefore, the manufacturing processes of the
RRAM cell 120 can be easily integrated into the manufactur-
ing processes of a display panel, and this is advantageous in
the implementation of a system-on-panel device.

In the following paragraphs, an operating method of the
RRAM device 100 will be described, in which the RRAM cell
120 can have different storage states depending on the varia-
tion of the resistance values thereof. The RRAM device 100
can provide the at least one electrical signal to the RRAM cell
120 by the control circuit 110 to change the resistance value
ofthe RRAM cell 120, such that the RRAM cell 120 can have
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at least two storage states to save data. In the following
description, the RRAM cell 120 is described as having four
storage states as an example. However, one skilled in the art
can adjust the at least one electrical signal provided to the
RRAM cell 120, to make the RRAM cell 120 have a different
quantity of storage states. The quantity of storage states of the
RRAM cell 120 is not limited to that described in the embodi-
ments of the present disclosure.

In addition, the operating method can be applied to a
RRAM device having a structure that is the same as or similar
to the structure shown in FIG. 1 and FIG. 2. To simplify the
description below, in the following paragraphs, the embodi-
ments shown in FIG. 1 and FIG. 2 will be used as an example
to describe the operating method according to embodiments
of the present disclosure. However, the invention is not lim-
ited to application to the embodiments shown in FIGS. 1 and
2.

In the first embodiment of the present disclosure, the con-
trol circuit 110 can provide a set voltage Vset to the RRAM
cell 120 and limit a current passing through the RRAM cell
120, so as to change the resistance value of the RRAM cell
120, that is, change the RRAM cell 120 from a high-resistive
state to a low-resistive state.

FIG. 3 is an operating method 300 of the RRAM device 100
in accordance with the first embodiment of the present dis-
closure.

Atan initial state, the RRAM cell 120 has a first resistance
value, and the RRAM cell 120 is at a first storage state (0, 0).

When the control circuit 110 provides the set voltage Vset
to the RRAM cell 120 having the first resistance value (i.e., to
the RRAM cell 120 at the first storage state (0, 0)) and limits
the current passing through the RRAM cell 120 to a first
current limit L1 the resistance value of the RRAM cell 120 is
changed from the first resistance value to a second resistance
value, and the RRAM cell 120 is transited from the first
storage state (0, 0) to a second storage state (0, 1), The second
resistance value is smaller than the first resistance value.

When the control circuit 110 provides the set voltage Vset
to the RRAM cell 120 having the first resistance value (i.e., to
the RRAM cell 120 at the first storage state (0, 0)) and limits
the current passing through the RRAM cell 120 to a second
current limit 1.2, the resistance value of the RRAM cell 120 is
changed from the first resistance value to a third resistance
value, and the RRAM cell 120 is transited from the first
storage state (0, 0) to a third storage state (1, 0).

When the control circuit 110 provides the set voltage Vset
to the RRAM cell 120 having the first resistance value (i.e., to
the RRAM at the first storage state (0, 0)) and limits the
current passing through the RRAM cell 120 to a third current
limit L3, the resistance value of the RRAM cell 120 is
changed from the first resistance value to a fourth resistance
value, and the RRAM cell 120 is transited from the first
storage state (0, 0) to a fourth storage state (1, 1).

After providing the set voltage Vset to the RRAM cell 120
(that is, when the RRAM cell 120 is at the second, the third,
or the fourth storage state (0, 1), (1, 0), (1, 1)), the control
circuit 110 can provide a reset voltage Vreset to the RRAM
cell 120 such that the resistance value of the RRAM cell is
reset to the first resistance value (that is, the RRAM cell 120
is transited to the first storage state (0, 0)).

Insuch away, the RRAM cell 120 can be switched between
different storage states to store data.

In summary, the operating method 300 of the RRAM
device 100 according to the abovementioned first embodi-
ment involves limiting the current passing through the
RRAM cell 120 to a plurality of current limits, such that the
resistance value of the RRAM cell 120 can be changed to the
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resistance values corresponding to these current limits, and in
such a way, a single RRAM cell 120 can store digital infor-
mation of more than one bit.

In addition, when the RRAM cell 120 is transited from a
high-resistive state to a low-resistive state, the larger the cur-
rent limit which limits the current passing through the RRAM
cell 120, the smaller the resistance value of the RRAM cell
120. For example, if the third current limit L3 is larger than
the second limit [.2 and the second current limit [.2 is larger
than the first limit L1 then the fourth resistance value is
smaller than the third resistance value and the third resistance
value is smaller than the second resistance value.

Moreover, the electrical polarity of the set voltage Vset is
opposite to the electrical polarity of the reset voltage Vreset.
For example, the reset voltage Vreset can be a negative volt-
age, and the set voltage Vset can be a positive voltage. In one
embodiment, the reset voltage Vreset can be, for example, -2
volts; the set voltage Vset can be, for example, 2 volts the third
current limit L3 can be, for example, 0.2 milliamperes; the
second current limit L2 can be, for example, 0.5 milliam-
peres; and the first current limit L1 can be, for example, 2
milliamperes. It should be noted that these values are merely
examples, and the invention is not limited to these values.

FIG. 4 and FIG. 5 illustrate the characteristics of the
RRAM 120 in the abovementioned operating method 300.

FIG. 4is a diagram illustrating a resistive switching behav-
ior of the RRAM cell 120 when subjected to different current
limits L.1-L.3 in accordance with one embodiment of the
present disclosure. As shown in this figure, by limiting the
current passing through the RRAM cell 120 to different cur-
rent limits, the resistance value of the RRAM 120 after the
RRAM 120 is transited from a high-resistance state to a
low-resistance state when receiving the set voltage Vset (e.g.,
2 volts) can be controlled, such that a single RRAM cell 120
can store digital information of more than one bit.

FIG. 5is a diagram illustrating the data retention capability
ofthe RRAM cell 120 in accordance with one embodiment of
the present disclosure. As shown in FIG. 5, at each storage
state, the RRAM cell 120 keeps receiving a read voltage (e.g.,
0.2 volts), and as a result, the resistance value of the RRAM
120 can be maintained at a steady level.

Inthe following paragraphs, the second embodiment of the
present disclosure will be described. In this embodiment, the
control circuit 110 can change the resistance value of the
RRAM cell 120 by providing at least one pulse signal to the
RRAM cell 120.

FIG. 6 is an operating method 700 in accordance with the
second embodiment of the present disclosure. FIG. 7 is a
diagram illustrating transitions between storage states of the
RRAM cell 120 in accordance with the second embodiment
of the present disclosure.

Referring to FIG. 6 and FIG. 7, at an initial state, the
RRAM cell 120 has a first resistance value, and the RRAM
cell 120 is at a first storage state (0, 0).

When the RRAM cell 120has the first resistance value (i.e.,
at the first storage state (0, 0)), the control circuit 110 can
provide afirst pulse signal V1 to the RRAM cell 120, such that
the resistance value of the RRAM cell 120 can be changed to
a second resistance value, and the RRAM cell 120 is transited
to a second storage state (0, 1).

When the RRAM cell 120 has the second resistance value
(i.e., is at the second storage state (0, 1)), the control circuit
110 can provide a second pulse signal V2 to the RRAM cell
120, such that the resistance value of the RRAM cell 120 can
bechangedto athird resistance value, and the RRAM cell 120
is transited to a third storage state (1, 0).
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When the RRAM cell 120 has the third resistance value
(i.e., is at the third storage state (1, 0)), the control circuit 110
can provide a third pulse signal V3 1o the RRAM cell 120,
such that the resistance value of the RRAM cell 120 can be
changed to a fourth resistance value, and the RRAM cell 120
is transited to a fourth storage state (1, 1).

When the RRAM cell 120 has the fourth resistance value
(i.e.,is at the fourth storage state (1, 1)), the control circuit 110
can provide a fourth pulse signal V4 to the RRAM cell 120,
such that the resistance value of the RRAM cell 120 can be
changed to the first resistance value, and the RRAM cell 120
is transited to the first storage state (0, 0).

Insuch away, the RRAM cell 120 can be switched between
different storage states.

In summary, the operating method in the second embodi-
ment abovementioned involves providing different pulse sig-
nals in a manner corresponding to the RRAM cell 120 with
different storage states, such that the resistance value of the
RRAM cell 120 can be changed to correspond to these pulse
signals, and in this way, a single RRAM cell 120 can store
digital information of more than one bit.

In the second embodiment, the electrical polarities of the
first pulse signal V1, the second pulse signal the V2, and the
third pulse signal V3 are the same, and these signals can be,
for example, positive pulse signals. The electrical polarity of
the fourth pulse signal V4 is different from the electrical
polarities of the first pulse signal V1, the second pulse signal
the V2, and the third pulse signal V3, and the fourth pulse
signal V4 can be, for example, a negative pulse signal. The
amplitude of the third pulse signal V3 can be larger than the
amplitude of the second pulse signal V2, and the amplitude of
the second pulse signal V2 can be larger than the amplitude of
the first pulse signal V1 The first resistance value can be larger
than the second resistance value, the second resistance value
can be larger than the third resistance value, and the third
resistance value can be larger than the fourth resistance value.

In addition, the pulse widths of the third pulse signal V3,
the second pulse signal V2 and the first pulse signal V1 are the
same, and the pulse width of the fourth pulse signal V4 is
greater than the pulse widths of the third pulse signal V3, the
second pulse signal V2 and the first pulse signal V1.

In one embodiment, the amplitude of the first pulse signal
V1is, forexample, 1 volt, and the pulse width of the first pulse
signal V1 is, for example, 50 nanoseconds. The amplitude of
the second pulse signal V2 is, for example, 1.5 volts, and the
pulse width of the second pulse signal V2 is, for example, 50
nanoseconds. The amplitude of the third pulse signal V3 is,
for example, 2.5 volts, and the pulse width of the third pulse
signal V3 is, for example, 50 nanoseconds. The amplitude of
the fourth pulse signal V4 is, for example, —1.5 volts, and the
pulse width of the fourth pulse signal V4 is, for example,
microsecond.

It will be apparent to those skilled in the art that various
modifications and variations can be made to the structure of
the present invention without departing from the scope or
spirit of the invention. In view of the foregoing, it is intended
that the present invention cover modifications and variations
of this invention provided they fall within the scope of the
following claims.

What is claimed is:

1. An operating method of a resistive random access
memory (RRAM) device, wherein the RRAM device com-
prises at least one RRAM cell, wherein the operating method
comprises:

providing at least one electrical signal to the RRAM cell, so

as to change the resistance value of the RRAM cell,
wherein the RRAM cell comprises a bottom electrode,
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an amorphous Indium-Gallium-Zinc-Oxide (a-IGZ0)
layer disposed on the bottom electrode, a Ti layer dis-
posedon the a-IGZO layer, and a top electrode disposed
on the Ti layer.

2. The operating method as claimed in claim 1, wherein the
step of providing the at least one electrical signal to the
RRAM cell comprises:

providing a set voltage to the RRAM cell, and limiting a

current passing through the RRAM cell, so as to change
the resistance value of the RRAM cell.
3. The operating method as claimed in claim 2, wherein the
RRAM cell has a first resistance value at an initial state, the
step of providing the set voltage to the RRAM cell and lim-
iting the current passing through the RRAM cell comprises:
providing the set voltage to the RRAM cell having the first
resistance value, and limiting the current passing
through the RRAM cell to a first current limit, such that
the resistance value of the RRAM cell is changed to a
second resistance value, wherein the second resistance
value is smaller than the first resistance value.
4. The operating method as claimed in claim 3, wherein the
step of providing the set voltage to the RRAM cell and lim-
iting the current passing through the RRAM cell further com-
prises:
providing the set voltage to the RRAM cell having the first
resistance value, and limiting the current passing
through the RRAM cell to a second current limit, such
that the resistance value of the RRAM cell is changed to
a third resistance value; and

providing the set voltage to the RRAM cell having the first
resistance value, and limiting the current passing
through the RRAM cell to a third current limit, such that
the resistance value of the RRAM cell is changed to a
fourth resistance value;

wherein the third current limit is larger than the second

current limit, the second current limit is larger than the
first current limit, the fourth resistance value is smaller
than the third resistance value, and the third resistance
value is smaller than the second resistance value.

5. The operating method as claimed in claim 2, further
comprising:

providing a reset voltage to the RRAM cell after providing

the set voltage to the RRAM cell, such that the resistance
value of the RRAM cell is reset to the first resistance
value, wherein the electrical polarity of the set voltage is
opposite to the electrical polarity of the reset voltage.

6. The operating method as claimed in claim 1, wherein the
step of providing the at least one electrical signal to the
RRAM cell comprises:

providing at least one pulse signal to the RRAM cell, so as

to change the resistance value of the RRAM cell.
7. The operating method as claimed in claim 6, wherein the
RRAM cell has a first resistance value at an initial state, the
step of providing the at least one pulse signal to the RRAM
cell comprises:
providing a first pulse signal to the RRAM cell having the
first resistance value, such that the resistance value of the
RRAM cell is changed to a second resistance value;

providing a second pulse signal to the RRAM cell having
the second resistance value, such that the resistance
value of the RRAM cell is changed to a third resistance
value;

providing a third pulse signal to the RRAM cell having the

third resistance value, such that the resistance value of
the RRAM cell is changed to a fourth resistance value;
and
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providing a fourth pulse signal to the RRAM cell having
the fourth resistance value, such that the resistance value
ofthe RRAM cell is changed to the first resistance value.

8. The operating method as claimed in claim 7, wherein the
electrical polarity of the fourth pulse signal is opposite to the
electrical polarity of the third pulse signal, the electrical
polarity of the third pulse signal is the same as the electrical
polarities of the second pulse signal and the first pulse signal.

9. The operating method as claimed in claim 7, wherein the
amplitude of the third pulse signal is larger than the amplitude
of the second pulse signal, and the amplitude of the second
pulse signal is larger than the amplitude of the first pulse
signal.

10. The operating method as claimed in claim 7, wherein
the first resistance value is larger than the second resistance
value, the second resistance value is larger than the third
resistance value, and the third resistance value is larger than
the fourth resistance value,

wherein the pulse widths of the third pulse signal, the

second pulse signal and the first pulse signal are the
same, and the pulse width of the fourth pulse signal is
greater than the pulse width of the third pulse signal.

11. A RRAM device, comprising:

at least one RRAM cell, comprising:

a bottom electrode;
an amorphous Indium-Gallium-Zinc-Oxide
(a-IGZO) layer disposed on the bottom electrode;
a Tilayer disposed on the a-IGZO layer; and
a top electrode disposed on the Ti layer; and
a control circuit configured to provide at least one electrical
signal to the RRAM cell, so as to change the resistance
value of the RRAM cell.

12. The RRAM device as claimed in claim 11, wherein the
control circuit is further configured to provide a set voltage to
the RRAM cell and limit a current passing through the RRAM
cell, so as to change the resistance value of the RRAM cell.

13. The RRAM device as claimed in claim 12, wherein the
RRAM cell has a first resistance value at an initial state,

wherein when the control circuit provides the set voltage to

the RRAM cell having the first resistance value and
limits the current passing through the RRAM cell to a
first current limit, the resistance value of the RRAM cell
is changed to a second resistance value,

and wherein the second resistance value is smaller than the

first resistance value.

14. The RRAM device as claimed in claim 13, wherein
when the control circuit provides the set voltage to the RRAM
cell having the first resistance value and limits the current
passing through the RRAM cell to a second current limit, the
resistance value of the RRAM cell is changed to a third
resistance value,

wherein when the control circuit provides the set voltage to

the RRAM cell having the first resistance value and
limits the current passing through the RRAM cell to a
third current limit, the resistance value of the RRAM cell
is changed to a fourth resistance value,

wherein the third current limit is larger than the second

current limit, the second current limit is larger than the
first current limit, the fourth resistance value is smaller
than the third resistance value, and the third resistance
value is smaller than the second resistance value.

15. The RRAM device as claimed in claim 12, wherein the
control circuit is further configured to provide a reset voltage
to the RRAM cell after providing the set voltage to the RRAM
cell, such that the resistance value of the RRAM cell is reset
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to the first resistance value, wherein the electrical polarity of
the set voltage is opposite to the electrical polarity of the reset
voltage.
16. The RRAM device as claimed in claim 11, wherein the
control circuit is further configured to provide at least one
pulse signal to the RRAM cell, so as to change the resistance
value of the RRAM cell.
17. The RRAM device as claimed in claim 16, wherein the
RRAM cell has a first resistance value at an initial state,
wherein the control circuit is further configured to provide
a first pulse signal to the RRAM cell having the first
resistance value, such that the resistance value of the
RRAM cell is changed to a second resistance value,

the control circuit is further configured to provide a second
pulse signal to the RRAM cell having the second resis-
tance value, such that the resistance value of the RRAM
cell is changed to a third resistance value,

the control circuit is further configured to provide a third

pulse signal to the RRAM cell having the third resistance
value, such that the resistance value of the RRAM cell is
changed to a fourth resistance value, and

the control circuit is further configured to provide a fourth

pulse signal to the RRAM cell having the fourth resis-
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tance value, such that the resistance value of the RRAM
cell is changed to the first resistance value.

18. The RRAM device as claimed in claim 17, wherein the
electrical polarity of the fourth pulse signal is opposite to the
electrical polarity of the third pulse signal, and the electrical
polarity of the third pulse signal is the same as the electrical
polarities of the second pulse signal and the first pulse signal.

19. The RRAM device as claimed in claim 17, wherein the
amplitude of the third pulse signal is larger than the amplitude
of the second pulse signal, and the amplitude of the second
pulse signal is larger than the amplitude of the first pulse
signal.

20. The RRAM device as claimed in claim 17, wherein the
first resistance value is larger than the second resistance
value, the second resistance value is larger than the third
resistance value, and the third resistance value is larger than
the fourth resistance value,

wherein the pulse widths of the third pulse signal, the

second pulse signal and the first pulse signal are the
same, and the pulse width of the fourth pulse signal is
greater than the pulse width of the third pulse signal.
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