
READING CIRCUIT FOR A RESISTIVE MEMORY CELL Cross-Reference To
Related Application 5[0001] This application claims the benefit of
priority of US provisional application No. 61/637,345, filed 24 April
2012, the content of it being hereby incorporated by reference in its
entirety for all purposes. Technical Field 10 [0002] Various
embodiments relate to a reading circuit for a resistive memory cell.
Background 15 [0003J Resistive random-access memory (RRAM) is an
emerging non-volatile memory (NVM) whose basic idea is that a
dielectric, which is normally insulating, can be made to conduct
through a filament or conduction path formed after the application of
a sufficiently high voltage. The conduction path formation can arise
from different mechanisms, including defects, metal migration, etc.
Once the filament is formed, it may 20be reset (broken, resulting in
high resistance) or set (re-formed, resulting in lower resistance) by
an appropriately applied voltage. [0004] As compared to other NVMs
such as phase-change random-access memory (PCRAM) and
magnetoresistive random-access memory (MRAM), RRAM has the advantages
of faster write time, smaller write power, and larger resistance
ratio. 25 However, RRAM cells are subjected to within-die resistance
variations and reading- 



voltage-dependent disturbance, demanding a careful control of the
reading voltage. [0005] In NVM reading circuits, a current sensing
scheme is generally used in phase-change RAM and MRAM, as shown in
FIG. 1, to achieve a faster read speed than a voltage sensing scheme.
A similar current sensing scheme may also be used for RRAM. 30[0006]
FIG. 1 shows a schematic view of a conventional current sensing
amplifier 100 for resistive random-access memory (RRAM). The current
sensing amplifier 100 includes  a first p-channel metal oxide
semiconductor (PMOS) transistor 102, a second PMOS transistor 104, a
third PMOS transistor 106, a fourth PMOS transistor 108, a first
n-channel metal oxide semiconductor (NMOS) transistor 112, a second
NMOS transistor 114, a third NMOS transistor 116, a fourth NMOS
transistor 118, a fifth NMOS  5 transistor 120 and a sixth NMOS
transistor 122. Each of the first PMOS transistor 102, second PMOS
transistor 104, third PMOS transistor 106, fourth PMOS transistor
108, first NMOS transistor 112, second NMOS transistor 114, third
NMOS transistor 116, fourth NMOS transistor 118, fifth NMOS
transistor 120 and sixth NMOS transistor 122 respectively has a first
node (NI), a second node (N2) and a gate node (G). 10100071 The
respective first nodes (NI) of each of the first PMOS transistor 102,
second PMOS transistor 104, third PMOS transistor 106 and fourth PMOS
transistor 108 are coupled together, and coupled to a first voltage
point, VI. The second node (N2) of the first PMOS transistor 102 are
coupled to the second node (N2) of the second PMOS transistor 104,
the gate node (G) of the third PMOS transistor 106 and the gate node
(G) 15 of the second NMOS transistor 114, while the second node (N2)
of the fourth PMOS transistor 108 are coupled to the second node (N2)
of the third PMOS transistor 106, the gate node (G) of the second
PMOS transistor 104 and the gate node (G) of the first NMOS
transistor 112. The second node (N2) of the first PMOS transistor 102
may be coupled to a first output node (outp) 160, while the second
node (N2) of the fourth PMOS  20 transistor 108 may be coupled to a
second output node (outn) 162. The respective gate nodes (G) of each
of the first PMOS transistor 102 and the fourth PMOS transistor 108
may receive a first enable signal (EN1). This may mean that the first
enable signal (EN1) may be employed to control the operation of the
respective gate nodes and hence the respective operations of the
first PMOS transistor 102 and the fourth PMOS 25transistor 108.
100081 The second node (N2) of the second PMOS transistor 104 and the
first node (NI) of the first NMOS transistor 112 are coupled
together, while the second node (N2) of the third PMOS transistor 106
and the first node (N1) of the second NMOS transistor 114 are coupled
together. Accordingly, the respective second nodes (N2) of the first
PMOS 30transistor 102 and the second PMOS transistor 104, and the
first node (NI) of the first NMOS transistor 112 are coupled to the
gate node (G) of the third PMOS transistor 106 



and the gate node (G) of the second NMOS transistor 114, while the
respective second nodes (N2) of the third PMOS transistor 106 and the
fourth PMOS transistor 108, and the first node (Ni) of the second
NMOS transistor 114 are coupled to the gate node (G) of the second
PMOS transistor 104 and the gate node (G) of the first NMOS
transistor 112. 5 [0009] The second node (N2) of the first NMOS
transistor 112 and the first node (NO of the third NMOS transistor
116 are coupled together, and are further coupled to a cell capacitor
130 with a parasitic capacitance, Ccell, and a memory cell 132 with a
resistance, Rcol, via a bit line (BL) 150. The memory cell 132 may
have a variable resistance IR- -Leib 10[0010] The second node (N2) of
the second NMOS transistor 114 and the first node (Ni) of the fourth
NMOS transistor 118 are coupled together, and are further coupled to
a reference capacitor 140 with a parasitic capacitance, Cref, and a
reference cell 142 with a resistance, Itref, via a reference bit line
(BLitt. or BL ref) 152. [0011] The respective second nodes (142) of
the third NMOS transistor 116 and the fourth 15 NMOS transistor 118
are coupled together and coupled to a second voltage point, V2. The
respective gate nodes (G) of the third NMOS transistor 116 and the
fourth NMOS transistor 118 are coupled together, and which may
receive a second enable signal (EN2). This may mean that the second
enable signal (EN2) may be employed to control the operation of the
respective gate nodes and hence the respective operations of the
third 20 NMOS transistor 116 and the fourth NMOS transistor 118.
[0012] The cell parasitic capacitor 130 is further coupled to the
second voltage point, V2. The memory cell 132 is further coupled to
the first node (N1) of the fifth NMOS transistor 120, where the
second node (N2) of the fifth NMOS transistor 120 is coupled to the
second voltage point, V2, while the gate node (G) of the fifth NMOS
transistor 120 is 25 coupled to a word line (WL). [0013] The
reference parasitic capacitor 140 is further coupled to the second
voltage point, V2. The reference cell 142 is further coupled to the
first node (N1) of the sixth NMOS transistor 122, where the second
node (N2) of the sixth NMOS transistor 122 is coupled to the second
voltage point, V2, while the gate node (G) of the sixth NMOS 



30 transistor 122 is coupled to the word line (WL). The reference
cell 142 may include two  resistors 144a, I44b, coupled in series.
Each of the resistors 144a, 144b, may have a low resistance, RL,
which may be variable. [0014] The first voltage point, VI, may be a
power supply line (e.g. VDD), and the second voltage point, V2, may
be at a potential lower than VI, for example, grounded.  5 [0015]
Initially, both EN1 and EN2 are "low" to charge both nodes BL 150 and
BL_ref 152 to VI. When the respective potentials on BL 150 and BL_ref
152 are equalized, EN1 is raised to "high" to turn off the precharge
PMOS (e.g. first PMOS transistor 102 and fourth PMOS transistor 108),
and the nodes BL 150 and BL_ref 152 begin to discharge. The different
resistances of RCeH and R"f may result in different 10 discharge
speeds corresponding to the nodes BL 150 and BL_ref 152. As a result,
the output nodes, outp 160 and outn 162 at the low resistance side
may be pulled to V2 while at the high resistance side may be pulled
up to VI. Then, the third NMOS transistor 116 and the fourth NMOS
transistor 118 may be turned on by raising EN2 to "high" to latch the
data. 15[0016] In the conventional current sensing scheme, as
employed by the current sensing amplifier 100, one or more reference
cells may be used to generate a reference current, 'ref, for
comparison with the read cell current, Ica, flowing through the
memory cell 132. Since a low resistance (RL) may determine the
maximum current Iref required, the two resistors 144a, 144b, coupled
in series and having the total resistance 2RL may be  20 considered
as the reference cell. However, this type of current sensing scheme
is not suitable in the case when the reading current, Ica, of the
memory cell 132 (e.g. RRAM) is very small (even in the case where
IRL, being thereading current corresponding to the low resistance,
RL, of the memory cell 132, is only - 200 nA), and thus very
sensitive to noise. Therefore, it has to wait until BL 150 or BL_ref
152 has been discharged to lower than  25 + \Tam), where Vtlip and
\Tull are the respective threshold voltages of a PMOS transistor and
an NMOS transistor, before raising EN1 to "high". Otherwise, the
current passing through the NMOS transistor pair of the third NMOS
transistor 116 and the fourth NMOS transistor 118, controlled by the
EN2 signal, as shown in FIG. 1, may be much larger than the current
passing through the memory cell 132 (e.g. RRAM cell), 30resulting in
incorrect readings due to the unbalanced loadings of Ccell and Crert
Therefore,  the sensing speed may be slow. Moreover, the sensing
speed may be determined by (R"fxcef), which usually is in the range
from (2xRLxCeen) to (0.5xRHxCedo. 



[0017] In view of the unfavorable factors associated with the
conventional current sensing amplifier 100, there is thus a need for
a current sensing scheme capable of 5 handling weak RRAM reading
current and slow accumulation speed. Summary [0018] According to an
embodiment, a reading circuit for a resistive memory cell is 10
provided. The reading circuit may include a current source, a
precharge switch coupled to the current source, a comparator circuit
including a first input node, a second input node, an output node and
an enable node, wherein the precharge switch is configured to couple
the current source to the first input node of the comparator circuit
such that the current provided by the current source is provided to
the first input node to apply a precharge 15 voltage at the first
input node during a first reading time period, and to decouple the
current source from the first input node during a second reading time
period, wherein the comparator circuit is configured to operate
during a third reading time period upon application of an enable
signal at the enable node of the comparator circuit, at least one
memory cell access switch to enable a current flow through a memory
cell or to disable a 20 current flow through a memory cell, wherein
the at least one memory cell access switch is configured to allow a
current flow at least partially during the second and the third
reading time periods through the memory cell, wherein the comparator
circuit is further configured to compare a voltage applied to the
first input node with a reference voltage applied to the second input
node and to determine a programming state of the memory 25cell based
on the voltage present at the first input node during the third
reading time period. Brief Description of the Drawings 30[0019] In
the drawings, like reference characters generally refer to like parts
throughout the different views. The drawings are not necessarily to
scale, emphasis instead generally  being placed upon illustrating the
principles of the invention. In the following description, various
embodiments of the invention are described with reference to the
following drawings, in which:     [0020] FIG. I shows a schematic
view of a conventional current sensing amplifier for 5 resistive
random-access memory (RRAM). 



[0021] FIG. 2 shows a schematic block diagram of a reading circuit
for a resistive memory cell, according to various embodiments. [0022]
FIG. 3 shows a schematic of a reading circuit for a resistive memory
cell, according to various embodiments. to[0023] FIG. 4 shows a
schematic of the timing waveforms for the respective control signals,
according to various embodiments. [0024] FIGS. 5A and 5B show
respective test benches for reading circuits for testing high
resistance sensing and low resistance sensing respectively, according
to various embodiments. 15[0025] FIG. 6 shows simulation results for
a reading circuit, according to various embodiments Detailed
Description 20[0026] The following detailed description refers to the
accompanying drawings that show, by way of illustration, specific
details and embodiments in which the invention may be practiced.
These embodiments are described in sufficient detail to enable those
skilled in the art to practice the invention. Other embodiments may
be utilized and structural, logical, and electrical changes may be
made without departing from the scope 25 of the invention. The
various embodiments are not necessarily mutually exclusive, as some
embodiments can be combined with one or more other embodiments to
form new embodiments.   [0027] Embodiments described in the context
of one of the methods or devices are analogously valid for the other
method or device. Similarly, embodiments described in 30 the context
of a method are analogously valid for a device, and vice versa.
[0028] Features that are described in the context of an embodiment
may correspondingly be applicable to the same or similar features in
the other embodiments. Features that are described in the context of
an embodiment may correspondingly be applicable to the other
embodiments, even if not explicitly described in these other
embodiments.  5 Furthermore, additions and/or combinations and/or
alternatives as described for a feature in the context of an
embodiment may correspondingly be applicable to the same or similar
feature in the other embodiments. 



[0029] In the context of various embodiments, the articles "a", "an"
and "the" as used with regard to a feature or element includes a
reference to one or more of the features or 10elements. [0030] In the
context of various embodiments, the phrase "at least substantially"
may include "exactly" and a reasonable variance. [0031] In the
context of various embodiments, the term "about" or "approximately"
as applied to a numeric value encompasses the exact value and a
reasonable variance. 15[0032] As used herein, the term "and/or"
includes any and all combinations of one or more of the associated
listed items. [0033] Various embodiments relate to memory devices,
for example, the various embodiments of the technology may be related
to reading circuits of memory devices. [0034] Various embodiments may
provide a resistive random-access memory (ARAM) 20low resistance side
sensing reading circuit. The reading circuit may employ a low
resistance side sensing scheme to read out small current signals.
100351 The reading circuit of various embodiments may be free of high
resistance (RH) distribution effect, and may be with minimized low
resistance (AL) distribution effect by using different sensing times.
The reading circuit of various embodiments may provide  25 accurate
and fast reading time, with low power consumption. The reading
circuit of various embodiments may include a latch, which may be a
fully dynamic latched comparator in order to save or reduce the power
consumption. [0036] Various embodiments may provide a ARAM reading
circuit including a sense latch circuit that may be configured to
turn off after sensing, a high (resistance) side 



30 sensing in which a precharge Vread (read voltage) may be provided
to a bit line (BL) node, such that when the memory cell (ARAM cell)
is in a high (resistance) state, the BL node  may be maintained at
Vread, and when the memory cell (RRAM cell) is in a low (resistance)
state (e.g. resistance = RL), the BL node may be discharged to
(Iread)<Ru, where Lead is the read current through the memory cell
(ARAM cell), and RL is the resistance of the memory cell (ARAM cell)
in a low resistance state. Therefore, the bit  5 line (BL) node may
be at different voltages, depending on the resistance state of the
memory cell (RRAM cell). In various embodiments, Lead may be at least
substantially fixed or constant. [0037] Various embodiments may
provide accurate results and fast reading speeds of approximately 50
ns. Various embodiments not only may solve the small reading current
10 problem in RRAM, they may also be applicable for low power
applications. [0038] FIG. 2 shows a schematic block diagram of a
reading circuit 200 for a resistive memory cell, according to various
embodiments. Examples of like or equivalent features that may be
present in the reading circuit 300 (FIG. 3), as will be described
later, corresponding to the respective features of the reading
circuit 200 are denoted in square 15brackets [...]. [0039] The
reading circuit 200 includes a current source 202, a precharge switch
204 coupled to the current source 202, a comparator circuit 206
including a first input node 208, a second input node 210, an output
node 212 and an enable node 214, wherein the precharge switch 204 is
configured to couple the current source 202 to the first input 20
node 208 of the comparator circuit 206 such that the current provided
by the current source 202 is provided to the first input node 208 to
apply a precharge voltage at the first input node 208 during a first
reading time period, and to decouple the current source 202 from the
first input node 208 during a second reading time period, wherein the
comparator circuit 206 is configured to operate during a third
reading time period upon  25 application of an enable signal at the
enable node 214 of the comparator circuit 206, at least one memory
cell access switch 216 to enable a current flow through a memory cell
or to disable a current flow through a memory cell, wherein the at
least one memory cell access switch 216 is configured to allow a
current flow at least partially during the second and the third
reading time periods through the memory cell, and wherein the
comparator 30circuit 206 is further configured to compare a voltage
applied to the first input node 208 with a reference voltage applied
to the second input node 210 and to determine a  



programming state of the memory cell based on the voltage present at
the first input node 208 during the third reading time period. [0040]
In FIG. 2A, the line represented as 218 is illustrated to show the
relationship among the first input node 208, the second input node
210, the output node 212 and the  5 enable node 214 of the comparator
circuit 206, which may include electrical coupling and/or mechanical
coupling, while the line represented as 220 is illustrated to show
the relationship among the current source 202, the precharge switch
204, the comparator circuit 206 and the at least one memory cell
access switch 216, which may include electrical coupling and/or
mechanical coupling. 10[0041] In other words, the reading circuit 200
includes a current source 202 [CS 320] and a precharge switch 204 [M2
312] coupled to each other, and a comparator circuit 206 [latch 330]
having a first input node (in-nodel) 208 [331], a second input node
(in-node2) 210 [332], an output node (out-node) 212 [333] and an
enable node (EN-node) 214 [334], where the precharge switch 204 may
be coupled to the comparator circuit 206 such that a IS coupling path
may be established through the current source 202, the precharge
switch 204 and the comparator circuit 206. The first input node 208
may refer to an input for receiving a signal, while the second input
node 210 may refer to an input for receiving a reference voltage, Vg.
The precharge switch 204 may be coupled to the first input node 208
of the comparator circuit 206. The current source 202 may provide an
electrical  20 signal (e.g. a current, I), where based on this
electrical signal and via the precharge switch 204, a precharge
voltage, Vprecharge, may be applied at the first input node 208
during or in a first reading time period. During or in a second
reading time period, the current source 202 may be decoupled from the
first input node 208 using the precharge switch 204, such that no
precharge voltage is applied to the the first input node 208. This 25
may mean that the precharge switch 204 may be employed to control the
electrical communication between the current source 202 and the
comparator circuit 206. [0042] In the context of various embodiments,
the precharge voltage, Vpretharge, may be the read voltage, Vread,
e.g. the voltage applied for reading a memory cell. [0043] The
comparator circuit 206 may also be operable during a third reading
time 30 period upon application of an enable (EN) signal at the
enable node 214 of the comparator circuit 206. The reading circuit
200 may farther include at least one memory cell access switch 216
[M5 315] to enable a current flow through a resistive memory cell or
to disable a current flow through a resistive memory cell, where the
memory cell access switch 216 may allow a current flow through the
resistive memory cell during a part of or the entire second reading
time period, and/or a part of or the entire third reading 5 time
period. This may mean that the memory cell access switch 216 may
control access to the resistive memory cell. 



[0044] A reference voltage (Vg) may be applied to the second input
node 210 of the comparator circuit 206, where the comparator circuit
206 may be configured to compare a voltage applied to the first input
node 208 with \Tref applied to the second input 10 node 210 and to
determine a programming state of the resistive memory cell based on
the voltage present at the first input node 208 during the third
reading time period. [0045] The first reading time period, the second
reading time period and the third reading time period are different
reading time periods. For example, the first reading time period, the
second reading time period and the third reading time period may be
sequential 15 reading time periods, with or without intervening time
periods therebetween the first reading time period and the second
reading time period, and/or therebetween the second reading time
period and the third reading time period.    [0046] In the context of
various embodiments, the reading circuit 200 may be employed for
reading or determining the programming state of a memory cell, for
example for 20 determining the information stored in the memory cell.
[0047] In the context of various embodiments, the term "current
source" may include, for example, a direct or indirect current
source, or a current mirror, or a constant or variable current
source, or a voltage bias.      [0048] In the context of various
embodiments, the term "comparator circuit" may 25 include, for
example, a latch. [0049] In the context of various embodiments, the
term "resistive memory cell" may include a memory cell of any kind
which may be switched between two or more states exhibiting different
resistivity values. The resistive memory cell may be but not limited
to a resistive random-access memory (RRAM) cell, which may have a
metal-insulator-metal 30(M-I-M) configuration, for example having a
dielectric layer arranged in between a bottom electrode (BE) and a
top electrode (TE). In the context of various embodiments,  the
dielectric layer may include a resistive changing material which may
change its resistance as a result of a change in its resistivity.
[0050] In the context of various embodiments, the reading circuit 200
may also be 



employed for other types of resistive memory cells including but not
limited to a phase 5 change random-access memory (PCRAM) cell, a
conductive bridging random-access memory (CBRAM) cell, a
magnetoresistive random-access memory (MRAM) cell or a redox-based
resistive switching memory cell. [0051] In various embodiments, the
programming state of the memory cell may include a first programming
state and a second programming state. The first programming state and
10 the second programming state may indicate the different states of
the memory cell or the different information stored in the memory
cell. [0052] In various embodiments, the voltage at the first input
node 208 of the comparator circuit 206 which corresponds to the first
programming state of the memory cell may be the precharge voltage,
Vprecharge. 15[0053] In various embodiments, the voltage at the first
input node 208 of the comparator circuit 206 which corresponds to the
second programming state may be obtained by multiplying the current,
I, provided by the current source 202 and a resistance, R, of the
memory cell at the second programming state. [0054] In various
embodiments, the voltage at the first input node 208 of the
comparator 20 circuit 206 which corresponds to the second programming
state may be larger than a first value obtained by multiplying the
current, I, provided by the current source 202 and a resistance, R,
of the memory cell at the second programming state, and may be
smaller than a second value equal to a difference between the
reference voltage, V"f, and a voltage margin, Vmargin, provided at
the first input node 208 of the comparator circuit 206 25to avoid or
minimise any uncertainty results caused by noise, offset, etc.. In
other words, the voltage at the first input node 208, Vin_nodel, may
have the relationship (I x R) < node! < (Vivi - Vmargin). It should
be appreciated that Vmargin may not be a physical input signal. In
various embodiments, the value of (I x R) may be much smaller than
the value of (Vref - Vmargin), i.e. (I x R) << ( \Tref - Vmargi11).
Vmargin refers to the requirement of a 30 minimum comparator circuit
input voltage difference when considering input noise and offset. In
other words, the comparator circuit 206 may have a minimum voltage,
in the  form of Vmargin, at its input for compensating for noise and
offset. It is zero (i.e. Vmargm = 0) in an ideal comparator. 



[0055] In various embodiments, the reference voltage, Vref, may have
a value equal to a difference between the precharge voltage,
Vprecharg" and the voltage margin, Vmargin, 5 provided at the input
of the comparator circuit 206 to avoid or minimise any uncertainty
results caused by noise, offset, etc., i.e. Vref = (Vprecharge
Vmargin). [0056] In the context of various embodiments, Vmargm may be
in a range of about 0.01 V to about 0.1 V, for example a range of
about 0.01 V to about 0.05 V, a range of about 0.05 V to about 0.1 V,
or a range of about 0.02 V to about 0.04 V. 10[0057] In the context
of various embodiments, the first programming state of the memory
cell may be indicative of a high resistance (HR; RH) state of the
memory cell and the second programming state of the memory cell may
be indicative of a low resistance (LR; RO state of the memory cell.
[0058] In various embodiments, the comparator circuit 206 may be
configured to output 15at the output node 212, a first value (output
value) when the first programming state may be determined and a
second value (output value) when the second programming state may be
determined. The first value may be 1 and the second value may be 0.
[0059] In various embodiments, the reading circuit 200 may further
include a current mirror including a first transistor [MO 310] having
a first node [N1], a second node [N2] 20 and a gate node [G] and a
second transistor [M1 311] having a first node [NI], a second node
[N2] and a gate node [G], wherein the current source 202 includes an
input node [in-node 322] and an output node [out-node 324], wherein
the precharge switch 204 [M2 312] includes a first node [N1], a
second node [N2] and a gate node [G], wherein the input node of the
current source 202 may be coupled to the second node and the gate 25
node of the first transistor and the gate node of the second
transistor, and the output node of the current source 202 may be
coupled to a first voltage point (e.g. VI), wherein the first node of
the first transistor, the first node of the second transistor and the
first node of the precharge switch may be coupled to a second voltage
point (e.g. V2). In various embodiments, the current source 202 may
be part of the current mirror. 30[0060] In the context of various
embodiments, the term "current mirror" may mean a circuit that serves
as a current regulator, where the current flowing in one half or
branch  



of the circuit may be used to control the current flow in the other
half or branch of the circuit. The current amplitude flowing through
both halves or branches may have a ratio relationship, for example
1:1, 1:2, 2:1, etc. [0061] In the context of various embodiments, the
first voltage point, VI, may be a 5 ground terminal. In the context
of various embodiments, the second voltage point, V2, may be a power
supply line (e.g. VDD), for example at a potential at least
substantially similar to a read voltage, Vread. [0062] In various
embodiments, the reading circuit 200 may further include a first read
enable switch [M3 313] and a second read enable switch [M6 316]
respectively including 10 a first node [NI], a second node [N2] and a
gate node [G], and wherein the memory cell access switch 216 [M5 315]
includes a first node [NI], a second node [N2] and a gate node [G],
wherein the first node of the first read enable switch may be coupled
to the second node of the second transistor, wherein the first node
of the second read enable switch may be coupled to the second node of
the memory cell access switch 216, and the 15 second node of the
second read enable switch may be coupled to the first voltage point,
VI, and wherein the first node of the memory cell access switch 216
may be coupled to a first end of the memory cell. In alternative
embodiments, the second node of the second read enable switch may be
coupled to a third voltage point (e.g. V3), which may or may not be
at the same potential as the first voltage point, VI. 20[0063] In the
context of various embodiments, a memory cell may be accessed or
addressed by its row-number and column-number. The rows may also be
known as the word lines and the columns may also be known as the bit
lines. [0064] In various embodiments, the reading circuit 200 may
further include a column selecting switch [M4 314] including a first
node [NI], a second node [N2] and a gate 25 node [G], wherein the
first node of the column selecting switch may be coupled to the
second node of the precharge switch 204. The column selecting switch
may select the column corresponding to the memory cell to be
accessed.   [0065] In various embodiments, the second node of the
first read enable switch and the second node of the column selecting
switch may be coupled to a second end of the 30 memory cell.  [0066]
In various embodiments, the second node of the first read enable
switch may be coupled to the second node of the precharge switch 204,
and wherein the second node of the column selecting switch may be
coupled to a second end of the memory cell. Such an arrangement may
reduce the noise on one or more unselected bit lines. 



5[0067] In various embodiments, the reading circuit 200 may further
include a third transistor [M7 317] including a first node [Ni], a
second node [N2] and a gate node [G], wherein the first node of the
third transistor may be coupled to the first input node 208 of the
comparator circuit 206, wherein the second node of the third
transistor may be coupled to the second node of the column selecting
switch, and wherein the gate node of 10the third transistor may be
coupled to the gate node of the column selecting switch. [0068] In
various embodiments, the memory cell access switch 216 may be a row
selecting switch, for selecting the row corresponding to the memory
cell to be accessed. [0069] In various embodiments, the precharge
switch 204, the memory cell access switch 216, the first read enable
switch, the second read enable switch and the column 15selecting
switch may be or may include transistors. [0070] In the context of
various embodiments, it should be appreciated that any one or more of
or each of the precharge switch 204, the memory cell access switch
216, the first read enable switch, the second read enable switch and
the column selecting switch may be or may include a transistor.
20[0071] In the context of various embodiments, the term "transistor"
may mean a bipolar junction transistor (BJT) or a field effect
transistor (FET), such as one of a metal oxide semiconductor field
effect transistor (MOSFET) (e.g. an n-channel MOS transistor (NMOS);
a p-channel MOS transistor (PMOS)), a metal-insulator field effect
transistor (MISFET) or a metal-semiconductor field effect transistor
(MESFET).  25 [0072] In the context of various embodiments, any one
of or each of the first transistor and the second transistor may be
or may include a p-type metal oxide semiconductor field effect
transistor (e.g. PMOS transistor).   [0073] In the context of various
embodiments, any one of or each of the precharge switch 204, the
first read enable switch, the column selecting switch, the memory
cell 30access switch 216, the second read enable switch and the third
transistor may be or may  include an n-type metal oxide semiconductor
field effect transistor (e.g. NMOS transistor). [0074] In the context
of various embodiments, a transistor (e.g. NMOS or PMOS) having a
first node, a second node and a gate node or where a switch having a
first node, a 



5 second node and a gate node may be or may include a transistor
(e.g. NMOS or PMOS), the first node may be a first source/drain
terminal, the second node may be a second source/drain terminal, and
the gate node may be a gate terminal. [0075] In the context of
various embodiments, the term "source/drain terminal" of a transistor
may refer to a source terminal or a drain terminal. As the source
terminal and 10 the drain terminal of a transistor are generally
fabricated such that these terminals are geometrically symmetrical,
these terminals may be collectively referred to as source/drain
terminals. In various embodiments, a particular source/drain terminal
may be a "source" terminal or a "drain" terminal depending on the
voltage to be applied to that terminal. Accordingly, the terms "first
source/drain terminal" and "second source/drain terminal" 15may be
interchangeable. [0076] In the context of various embodiments, a
"circuit" may be understood as any kind of a logic implementing
entity, which may be special purpose circuitry or a processor
executing software stored in a memory, firmware, or any combination
thereof. Thus, in an embodiment, a "circuit" may be a hard-wired
logic circuit or a programmable logic 20 circuit such as a
programmable processor, e.g. a microprocessor (e.g. a Complex
Instruction Set Computer (CISC) processor or a Reduced Instruction
Set Computer (RISC) processor). A "circuit" may also be a processor
executing software, e.g. any kind of computer program, e.g. a
computer program using a virtual machine code such as e.g. Java. Any
other kind of implementation of the respective functions which will
be 25  described in more detail below may also be understood as a
'circuit' in accordance with an alternative embodiment. [0077] In the
context of various embodiments, the terms "couple" and "coupled" may
include electrical coupling and/or mechanical coupling. [0078] In the
context of various embodiments, the terms "couple" and "coupled" with
30 regard to two or more components may include direct coupling
and/or indirect coupling. For example, two components being coupled
to each other may mean that there is a direct  coupling path between
the two components and/or there is an indirect coupling path between
the two components, e.g. via one or more intervening components (e.g.
resistor and/or inductor and/or capacitor) connected therebetween.
[0079] FIG. 3 shows a schematic of a reading circuit 300 for a
resistive memory cell, 



5 according to various embodiments. The reading circuit 300 may
include or employ a low resistance side sensing scheme for reading
out small current signals. For ease of understanding and clarity, the
reading circuit 300 is shown for one memory cell (e.g. RRAM cell)
342. [0080] The reading circuit 300 may include a current source, CS,
320, a precharge switch 10 which may be in the form of a transistor
(e.g. NMOS) M2 312, a comparator circuit which may be in the form of
a latch 330, and a memory cell access switch which may be in the form
of a transistor (e.g. NMOS) M5 315. The current source 320 may
provide a biased current Lead (or 'sense). In various embodiments,
Lead may be at least substantially fixed or constant. 15[0081] The
reading circuit 300 may further include a first transistor (e.g.
PMOS) MO 310, a second transistor (e.g. PMOS) M1 311, a first read
enable switch which may be in the form of a transistor (e.g. NMOS) M3
313, a column selecting switch which may be in the form of a
transistor (e.g. NMOS) M4 314, a second read enable switch which may
be in the form of a transistor (e.g. NMOS) M6 316, and a third
transistor (e.g. NMOS) M7 317. 20 [0082] Each of the first transistor
MO 310, second transistor MI 311, precharge switch M2 312, first read
enable switch M3 313, column selecting switch M4 314, memory cell
access switch M5 315, second read enable switch M6 316, and third
transistor M7 317 respectively may have a first node (N1), a second
node (N2) and a gate node (G). The current source 320 may include an
input node (in-node) 322 and an output 25 node (out-node) 324. The
latch 330 may have a first input node (in-nodel) 331, a second input
node (in-node2) 332, an output node (out-node) 333 and an enable node
(EN-node) 334. [0083] As shown in FIG. 3, the current source 320, the
first transistor MO 310, the second transistor M1 311, the precharge
switch M2 312, the first read enable switch M3 313, the 30 column
selecting switch M4 314, the memory cell access switch M5 315, the
second read enable switch M6 316 and the third transistor M7 317 may
be arranged on the input side of the latch 330, or in other words
arranged before the latch circuit 330. [0084] The respective first
nodes (N1) of each of the first transistor MO 310, second transistor
MI 311 and precharge switch M2 312 may be coupled together, and
coupled to  5 a voltage point, which may be at a potential at least
substantially same as the read voltage, Vread The second node (N2) of
the first transistor MO 310 may be coupled together with the
respective gate nodes (G) of each of the first transistor MO 310 and
the second transistor MI 311. The second node (N2) of the first
transistor MO 310 may also be coupled to the input node 322 of the
current source 320. The output node 324 of the 10 current source 320
may be coupled to a voltage point, VI. The voltage point, VI, may be
grounded. The first transistor MO 310 and the second transistor M1
311, with the current source 320, may form a current mirror. 



[0085] The second node (N2) of the precharge switch M2 312 may be
coupled to the first node (N1) of the column selecting switch M4 314,
while the gate node (G) of the 15 precharge switch M2 312 may receive
a "precharge" signal. [0086] The respective second nodes (N2) of each
of the column selecting switch M4 314 and the third transistor M7 317
may be coupled together, and the respective gate nodes (G) of each of
the column selecting switch M4 314 and the third transistor M7 317
may be coupled together, and which may receive a column selecting or
address 20 signal, "COL". The respective second nodes (N2) of each of
the column selecting switch M4 314 and the third transistor M7 317
may be further coupled, via a bit line (BL) or a bit line (BL) node
340, to the memory cell (e.g. RRAM cell) 342. The first node (Ni) of
the third transistor M7 317 may be coupled to the first input node
331 of the latch 330. [0087] The second node (N2) of the second
transistor MI 311 may be coupled to the first  25 node (Ni) of the
first read enable switch M3 313. The gate node (G) of the first read
enable switch M3 313 may receive a read enable signal, "RE". In
various embodiments, the second node (N2) of the first read enable
switch M3 313 may be coupled via the bit line (BL) 340 to a memory
cell 342. This may mean that the second node (N2) of the first read
enable switch M3 313 may also be coupled to the respective second
nodes (N2) of 30 the column selecting switch M4 314 and the third
transistor M7 317. [0088] In further embodiments, the second node
(N2) of the first read enable switch M3 313 may be coupled together
with the second node (N2) of the precharge switch M2 312 and the
first node (N1) of the column selecting switch M4 314, for example as
indicated by the dashed path 346 to point "A" as shown in FIG. 3,
rather than  5 coupled to the bit line (BL) 340 (as indicated by a
"x" near the second node (N2) of the first read enable switch M3 313
for indicating the absence of connection between the second node (N2)
of the first read enable switch M3 313 and the bit line (BL) 340),
while the respective second nodes (N2) of each of the column
selecting switch M4 314 and the third transistor M7 317 may be
coupled, via the bit line (BL) 340, to the memory 10cell 342. [0089]
The bit line (BL) 340 may be coupled to one end or one terminal of
the memory cell 342, while another end or another terminal of the
memory cell 342 may be coupled to the first node (Nu of the memory
cell access switch M5 315. The gate node (G) of the memory cell
access switch M5 315 may be coupled to a word line (WL) 348, which
may 15 receive a voltage from a power supply line (e.g. VDD). The
second node (N2) of the memory cell access switch M5 315 may be
coupled together with the first node (NI) of the second read enable
switch M6 316, and further coupled to a source line (SL) or a source
line (SL) node 349. The gate node (G) of the second read enable
switch M6 316 may receive a read enable signal, "RE", at least
substantially similar to that received by 20 the gate node (G) of the
first read enable switch M3 313. This may mean that the read enable
signal, "RE", may control the operations of the first read enable
switch M3 313 and the second read enable switch M6 316, for example
allowing a current flow through the first read enable switch M3 313
and the second read enable switch M6 316, as well as through the
memory cell 342 sandwiched therebetween. The second node (N2) of the
25 second read enable switch M6 316 may be coupled to the voltage
point, VI. [0090] The memory cell 342 has a variable resistance,
which may vary as a result of changes in its resistivity. This may



node 333 based on the respective voltages present at the first input
node 331 (e.g. \Tin...del) and the second input node 332 (e.g.
Vdi-node2 = \Tref). The enable node 334 of the latch 330 may receive
an enable signal, "EN", which may control the operation of the latch
330. 5 [0092] As a non-limiting example, the latch 330 may be a low
power latch and may include a first PMOS transistor 361, a second
PMOS transistor 362, a third PMOS transistor 363, a fourth PMOS
transistor 364, a first NMOS transistor 371, a second NMOS transistor
372, a third NMOS transistor 373, a fourth NMOS transistor 374, and a
fifth NMOS transistor 375. Each of the first PMOS transistor 361,
second PMOS 10 transistor 362, third PMOS transistor 363, fourth PMOS
transistor364, first NMOS transistor 371, second NMOS transistor 372,
third NMOS transistor 373, fourth NMOS transistor 374, and fifth NMOS
transistor 375 respectively has a first node (NI), a second node (N2)
and a gate node (G). [0093] The respective first node (NI) of each of
the first PMOS transistor 361, second 15 PMOS transistor 362, third
PMOS transistor 363, and fourth PMOS transistor 364 are coupled
together, and coupled to a voltage point, V2. The voltage point, V2,
may be a power supply line (e.g. V2 = VDD). [0094] The second node
(N2) of the first PMOS transistor 361 may be coupled to the second
node (N2) of the second PMOS transistor 362, the gate node (G) of the
third 20 PMOS transistor 363 and the gate node (G) of the second NMOS
transistor 372, while the second node (N2) of the fourth PMOS
transistor 364 may be coupled to the second node (N2) of the third
PMOS transistor 363, the gate node (G) of the second PMOS transistor
362 and the gate node (G) of the first NMOS transistor 371. The
second node (N2) of the first PMOS transistor 361 may also be coupled
to an output node (e.g. 25 Dont Jar output node) 335, which may
output a signal, D""t_bar. The second node (N2) of the fourth PMOS
transistor 364 may also be coupled to the output node (e.g. Dead
output 



node) 333, which may output a signal, Dom. The signals, Do., and D.,.
Jar, are "NOT" equivalents of each other. The respective gate nodes
(G) of each of the first PMOS transistor 361 and the fourth PMOS
transistor 364 may receive the enable signal, "EN". 30 This may mean
that the enable signal, "EN" may be employed to control the operation
of  the respective gate nodes and hence the respective operations of
the first PMOS transistor 361 and the fourth PMOS transistor 364.
[0095] The second node (N2) of the second PMOS transistor 362 and the
first node (N1) of the first NMOS transistor 371 may be coupled
together, while the second node (N2) of 5 the third PMOS transistor
363 and the first node (N1) of the second NMOS transistor 372 may be
coupled together. [0096] The second node (N2) of the first NMOS
transistor 371 and the first node (NI) of the third NMOS transistor
373 may be coupled together. The second node (N2) of the second NMOS
transistor 372 and the first node (Ni) of the fourth NMOS transistor
374 10 may be coupled together. The gate node (G) of the third NMOS
transistor 373 may correspond to the first input node 331, and which
may receive a voltage, V",.aadel. The gate node (G) of the fourth
NMOS transistor 374 may correspond to the second input node 332, and
which may receive the reference voltage, V"f. [0097] The respective
second nodes (N2) of the third NMOS transistor 373 and the fourth 15
NMOS transistor 374 may be coupled together, and further coupled to
the first node (No of the fifth NMOS transistor 375. The gate node
(G) of the fifth NMOS transistor 375 may receive the enable signal,
"EN", which may control the operation of the gate node (G) and hence
the operation of the fifth NMOS transistor 375. The second node (N2)
of the fifth NMOS transistor 375 may be coupled to a voltage point,
V3. The voltage 20  point, V3, may be at a potential at least
substantially same as the voltage point, VI. The voltage point, V3,
may be grounded. [0098] The current source 320, suppling a biased
current, 'read, and the first transistor 



MO 310 may be in a reference current path. Only one current source
320 and one first transistor MO 310 pair may be required for a whole
memory bank, or in other words, a 25 memory array or arrangement
having a plurality of memory cells may share a single pair of one
current source 320 and one first transistor MO 310. A respective
second transistor M1 311, a respective precharge switch M2 312, a
respective first read enable switch M3 313, a respective column
selecting switch M4 314, a respective memory cell access switch M5
315, and a respective second read enable switch M6 316 may be 30
required for every column in the memory array.  100991 The second
transistor MI 311 may be used to mirror the reference current, Lead,
that flows through the reference current path. The first read enable
switch M3 313 is in the same current path as the second transistor M1
311. The latch 330 may only be active when the read enable signal,
RE, is "high" and the first read enable switch M3 313 is 5turned on.
101001 While the second node (N2) (e.g. source terminal) of the first
read enable switch M3 313 may be coupled, e.g. directly coupled, to
the bit line (BL) 340, in various embodiments, the second node (N2)
(e.g. source terminal) of the first read enable switch M3 313 may be
disconnected from the bit line (BL) 340 and connected to node 10"A",
which may reduce the noise on unselected bit lines. 101011 The
precharge switch M2 312 is the switch for precharge, for example to
provide a precharge voltage, Vprecharge, to the first input node 331
of the latch 330. Vprecharge may be V"ad. The column selecting switch
M4 314 may serve to select the column through which one or more
memory cells, e.g. 342, may be accessed. The memory cell access  15
switch M5 315 may serve as a row selecting switch to select the row
through which one or more memory cells, e.g. 342, may be accessed.
The second read enable switch M6 316 may be used to pull the SL node
349 to ground. The third transistor M7 317 may be used to share the
latch 330 among different columns. In embodiments where a dedicated
latch is used, the third transistor M7 317 may be removed. In other
words, where a dedicated  20 latch is provided for each column, the
third transistor M7 317 may not be necessary. [0102] Each of the
precharge switch M2 312, first read enable switch M3 313 and column
selecting switch M4 314 may use an NMOS type transistor, for example
as shown for the reading circuit 300 illustrated in FIG. 3. However,
it should be appreciated that each of the precharge switch M2 312,
first read enable switch M3 313 and column 25 selecting switch M4 314
may be a PMOS type transistor, depending on the reading signal
strength. Where PMOS type transistors are used, the control signal
precharge applied to the gate node (G) of the precharge switch M2
312, the read enable signal (RE) and the column address signal (COL)
may be active low signals.   101031 During reading, a precharge
signal applied to the gate node (G) of the precharge 30switch M2 312
may cause the reading circuit 300 to charge the bit line (BL) 340 to
V"ad 



to obtain a high reading current. As different reading voltages,
Vready may cause a change  of the memory cell or RRAM resistance, R,
to different values according to the relationship of R et, where k is
the fitting parameter, and v is the reading voltage, a high Vread
value may result in a low R and a high read current through the
memory cell 342. Generally, a strong signal may help to achieve high
signal-to-noise ratio (SNR),  5 fast reading speed and accurate
results. Nevertheless, in order to prevent, or at least minimise,
from read disturbance, the reading voltage, V"ad, should be much
smaller than the writing voltage. After the bit line (BL) 340 is
charged to Vread and the precharge signal is disabled, the reading
circuit 300 may be analyzed in two conditions: high resistance (RH)
state and low resistance (RI) state, as shown in FIG. 4. 10101041
FIG. 4 shows a schematic of the timing waveforms for the respective
control signals, according to various embodiments. For a reading
operation, a read enable signal, RE, as represented by the waveform
401, that is "high" 402, may be applied to the respective gate nodes
(G) of the first read enable switch M3 313 and the second read enable
switch M6 316 to turn on both the first read enable switch M3 313 and
the second  15 read enable switch M6 316. As a result of the
switching on of the first read enable switch M3 313, the latch 330
may become activated. [0105] At approximately the same time as the
application of the "high" RE 402, a precharge signal, Precharge 406,
may be applied to the the gate node (G) of the precharge switch M2
312 to turn on the precharge switch M2 312. The precharge signal,  20
Precharge 406 may be applied for a first reading time period, tl. As
a result, the precharge switch M2 312 may couple the current source
320 to the first input node 331 of the latch 330 such that the
current provided by the current source 320 is provided to the first
input node 331 to apply a precharge voltage, Vprecharge, at the first
input node 331 during the first reading time period, t1. The
precharge voltage, Vprecharge, may be the read  25 voltage, Vread. In
addition, the voltage, as represented by waveform 410, at the bit
line (BL) 340 may be increased to the read voltage, V"ad. The read
voltage, Vread, is higher than a reference voltage, Vref 412, that
may be applied to the second input node 332 of the latch 330. After
the bit line (BL) 340 is charged to Vread, the precharge signal,
Precharge 406, may be removed. As a result, the precharge switch M2
312 may be 30switched off, thereby decoupling the current source 320
from the first input node 331 of  the latch 330, during a second
reading time period, t2, and any subsequent reading time period. 



[0106] During a third reading time period, t3, an enable signal (EN),
as represented by the waveform 420, that is "high" 422, may be
applied at the enable node 334 of the latch 330  5 so that the latch
330 may be operable to compare a voltage applied to the first input
node 331 with the reference voltage, \Tref 412, applied to the second
input node 332 and to determine a programming or resistance state of
the memory cell 342 based on the voltage present at the first input
node 331 during the third reading time period, t3. Based on the
comparison, the latch 330 may output an output signal, Dout, as
represented by 10 waveform 430, at the output node 333, for example
D.ut = 1, as indicated by 430a, for the high resistance (RH) state
and D.,,t = 0, as indicated by 430b, for the low resistance (RO
state. Subsequently, the enable signal (EN) 420 may become "low"
until the next reading operation. [0107] With regard to the operation
of the latch 330, when EN is "low", both D.ut output  15 node 333 and
Dout_bar output node 335 may be pulled to V2. In order to sense the
difference between Vin-nodel at the first input node 331 and Vref at
the second input node 332, EN may be raised to "high"(e.g. "high"
422). The different respective input voltages of Vin-nodel and \Tref
may result in different discharge speeds on the Dow output node 333
and the Dout_bar output node 335. A higher input voltage, either
Vm-nodei or Vref,  20 may lead to a faster discharge speed, and as a
result, the corresponding output node, either Dmit output node 333 or
Dout_bar output node 335, in that path may be pulled to ground. For
example, where Vin-nodel > Vref, the Dotit Jar output node 335 may be
pulled to ground. As a result, the second NMOS transistor 372 may be
turned off Meanwhile, the third PMOS transistor 363 may be turned on
by a low Dout bar, and as a result, the 25 Dmit output node may be
pulled to V2, which may be equivalent to VDD. [0108] In the RH state
(e.g. "1"), the weak reference current, 'read, which may be slightly
higher than Vread/RH, may cause or force the BL node 340 to hold the
voltage at approximately Vread, as indicated by 414. In the RL state
(e.g. "0"), the reference current, 'read, may be much weaker than the
discharge current from BL 340 to SL 349, and as a 30result, the
voltage 410 at the BL node 340 may be pulled down to IreadxRL, as
indicated by 416, from V"ad. When (IreadxRL) 416 is less than the
reference voltage, Vref 412, the  memory cell (RRAM) 342 may be
considered to be in the RL state. Otherwise, the memory cell (RRAM)
342 may be considered to be in the RH state. [0109] As RH and RL may
have more than two orders difference, in terms of resistance values,
'read may be set to the logarithmic middle point. In such a design,
RH always has  5 the same voltage V"ad applied, meaning that in the
RH state, at least substantially same voltage of liread may be
maintained. Thus, the distribution of RH (resistance value) may be
minimized. 



[0110] As described above, the voltage at the first input node 331 of
the latch 330 to be compared to Vref 412 may be the precharge voltage
or Vread when the memory cell 342 is  10 in the RH state. The voltage
at the first input node 331 of the latch 330 to be compared to Vref
412 may be at least substantially same as (TreadxRL) when the memory
cell 342 is in the RL state. However, it should be appreciated that
in another embodiment, the voltage at the BL node 340, as well as at
the first input node 331 of the latch 330, when the memory cell is in
the RL state, may be another value, which may be larger than
(IreadxR0 but  15 smaller than (Vref-Vmargin). Therefore, the reading
speed may be much faster. In this case, V"f 412 may be set to
(Vread-Vmargin). The voltage at the BL node 340 may be larger than
(IreadxR0 but smaller than (Vrer-Vmargin) for at least the reasons
that (IreadxRL) may be much smaller than (Vrer-Vmargin), and also due
to discharge, the voltage on the memory cell 342 may get smaller and
its resistance, R, may get larger, and thus the RC constant  20
(resistancexcapacitance) may get larger. Vinargin may be set large
enough (e.g. 0.1V) so as to avoid, or at least minimise, the effect
from distribution, noise, charge injection and resolution of the
latch comparator 330. The reference voltage, Vref 412, to be sensed
by the latch 330 may be set to be - 0.01 - 0.1 V lower than Vread, in
order to provide enough margin or buffer accounting for noise. A
lower latch input voltage margin (e.g. lower 25 Vmargin) may lead to
a faster sensing speed but suffers from a smaller SNR, while on the
other hand, a higher latch input voltage margin (e.g. higher Vmargin)
may result in more accurate output data but a longer reading time. In
various embodiments, the RL (resistance value) distribution may lead
to different discharge speeds due to different RC values, and so the
sensing time may be changed. 30[0111] It should be appreciated that
for determining the programming or resistance state of a memory cell,
e.g. 342, the corresponding column selecting switch, e.g. M4 314, and
memory cell access switch (row selecting switch), e.g. M5 315, may be
switched on to enable access to the memory cell. The third transistor
M7 317 may also be switched for applying a voltage to the first input
node 331 of the latch 330. [0112] In various embodiments, fully
dynamic latches may be used in the reading  5 circuit 300 to sense
the signal or voltage in the bit line (BL), e.g. 340, where a
non-limiting example of such a latch may be as shown in FIG. 3. The
latch 330 may only consume dynamic power during the sensing period
(e.g. during the third reading time period, t3, or a part thereof),
and then the latch 330 may be turned off immediately to save power.
The latch 330 may be controlled by the enable signal (EN) 420 and the
latch 330 10 may be enabled at least until (IreadxR3) is smaller than
Vref, as shown in FIG. 4. The EN signal 420 may then be low until the
next reading or writing pulse goes to "high". [0113] FIGS. 5A and 5B
show respective test benches 500, 520, for reading circuits for
testing high resistance sensing and low resistance sensing
respectively, according to various embodiments., while FIG. 6 shows
simulation results for a reading circuit,  15 according to various
embodiments, based on the test benches 500, 520 of the embodiments of
FIGS. 5A and 5B respectively. The test bench 500 includes a read 1
(high resistance state; HR; RH) operation, while the test bench 520
includes a read 0 (low resistance state; LR; RI) operation. 



[0114] Each of the reading circuit corresponding to the test bench
500 and the reading  20 circuit con-espoonding to the test bench,
including the various components (e.g. transistors, current source,
latch, memory cell) may be as described in the context of the
embodiment of the reading circuit 300 of FIG. 3. However, for the
test benches 500, 520, a memory array 341 is shown. The memory array
341 may include a plurality of memory cells and a plurality of memory
cell access switches, where a respective memory cell,  25 e.g. 342
may be coupled to a respective memory cell access switch, e.g. 315. A
respective pair of a memory cell, e.g. 342 and a memory cell access
switch, e.g. 315, may be coupled to a respective bit line (BL), e.g.
340, a respective word line (WL), e.g. 348, and a respective source
line (SL), e.g. 349. [0115] FIG. 6 shows the timing waveform 602 for
the read enable signal, RE, the timing 30 waveform 604 for the
precharge signal, and the timing waveform 606 for the enable signal
(EN). As shown in FIG. 6, a "high" precharge signal 605 is applied
for a first  reading time period, th after the application of a
"high" RE signal 603, while a "high" EN signal 607 is applied for a
third reading time period, t3, after the elapse of a time period
(second reading time period, t2) after the application of the "high"
precharge signal 605. [0116] The simulation results of FIG. 6 also
show the reading waveform 620 of the 5 RRAM cell (e.g. 342) for the
high resistance (HR; RH) state of the ARAM cell and the reading
waveform 622 for the low resistance (LR; RL) state of the RRAM cell
(e.g. 342), with the reference voltage, V"f, 624 also indicated. The
simulation results further show the timing waveform 608 for Dout(RH)
or D011(HR) which is the sense amplifier or latch output data or
value for RH, as well as the timing waveform 609 for Doui(RL) or
Doilt(LR) 10 which is the sense amplifier or latch output data or
value for RL. [0117] It may be observed that the bit line (BL) (e.g.
340) for the RH state may be always at around the read voltage,
\Tread, while the bit line (BL) (e.g. 340) for the RL state may be
discharged to a voltage below \Tree 624. [0118] As illustrated by the
reading power waveform 630, the reading power is only 15 about 342 pW
before the RE enabled signal is applied and only about 4.5 pW after
the EN enabled signal is applied. At about the time the precharge
signal is applied, there is a spike 632 in the reading power to about
340 I.LW. [0119] The simulation results show that the reading circuit
of various embodiments may be able to address or solve the small
reading current problem in RRAM, and the reading 20 circuit may
achieve less than approximately 50 ns fast reading speed and accurate
results. The reading circuit of various embodiments may be employed
for low power applications. [0120] While the invention has been
particularly shown and described with reference to specific
embodiments, it should be understood by those skilled in the art that
various changes in form and detail may be made therein without
departing from the spirit and 



25 scope of the invention as defined by the appended claims. The
scope of the invention is thus indicated by the appended claims and
all changes which come within the meaning and range of equivalency of
the claims are therefore intended to be embraced.  CLAIMS 1.A reading
circuit for a resistive memory cell, the reading circuit comprising:
a current source; 5a precharge switch coupled to the current source;
a comparator circuit comprising a first input node, a second input
node, an output node and an enable node;      wherein the precharge
switch is configured to couple the current source to the first input
node of the comparator circuit such that the current provided by the
current source  10 is provided to the first input node to apply a
precharge voltage at the first input node during a first reading time
period, and to decouple the current source from the first input node
during a second reading time period;      wherein the comparator
circuit is configured to operate during a third reading time period
upon application of an enable signal at the enable node of the
comparator circuit; 15at least one memory cell access switch to
enable a current flow through a memory cell or to disable a current
flow through a memory cell;      wherein the at least one memory cell
access switch is configured to allow a current flow at least
partially during the second and the third reading time periods
through the memory cell; 20wherein the comparator circuit is further
configured to compare a voltage applied to the first input node with
a reference voltage applied to the second input node and to determine
a programming state of the memory cell based on the voltage present
at the first input node during the third reading time period. 



252.The reading circuit of claim 1,      wherein the programming
state of the memory cell comprises a first programming state and a
second programming state. 3.The reading circuit of claim 2, 30wherein
the voltage at the first input node of the comparator circuit which
corresponds to the first programming state of the memory cell is the
precharge voltage.  4. The reading circuit of claim 2,      wherein
the voltage at the first input node of the comparator circuit which
corresponds to the second programming state is obtained by
multiplying the current 5 provided by the current source and a
resistance of the memory cell at the second programming state. 5. The
reading circuit of claim 2, wherein the voltage at the first input
node of the comparator circuit which 10 corresponds to the second
programming state is larger than a first value obtained by
multiplying the current provided by the current source and a
resistance of the memory cell at the second programming state and is
smaller than a second value equal to a difference between the
reference voltage and a voltage margin. 156.The reading circuit of
claim 5,      wherein the reference voltage has a value equal to a
difference between the precharge voltage and the voltage margin. 7.
The reading circuit of claim 5, 



20wherein the voltage margin has a range of about 0.01 V to about 0.1
V. 8. The reading circuit of claim 2,        wherein the first
programming state of the memory cell is indicative of a high
resistance state of the memory cell and the second programming state
of the memory cell 25is indicative of a low resistance state of the
memory cell. 9. The reading circuit of claim 2,        wherein the
comparator circuit is configured to output at the output node, a
first value when the first programming state is determined and a
second value when the 30 second programming state is determined.  10.
The reading circuit of claim 9, wherein the first value is 1 and the
second value is 0. 11. The reading circuit of claim 1, 5further
comprising a current mirror comprising a first transistor having a
first node, a second node and a gate node and a second transistor
having a first node, a second node and a gate node; wherein the
current source comprises an input node and an output node; wherein
the precharge switch comprises a first node, a second node and a gate
10node;       wherein the input node of the current source is coupled
to the second node and the gate node of the first transistor and the
gate node of the second transistor, and the output node of the
current source is coupled to a first voltage point;          wherein
the first node of the first transistor, the first node of the second
transistor 



15and the first node of the precharge switch are coupled to a second
voltage point. 12. The reading circuit of claim 11,       further
comprising a first read enable switch and a second read enable switch
respectively comprising a first node, a second node and a gate node;
and 20wherein the memory cell access switch comprises a first node, a
second node and a gate node;      wherein the first node of the first
read enable switch is coupled to the second node of the second
transistor;        wherein the first node of the second read enable
switch is coupled to the second 25 node of the memory cell access
switch, and the second node of the second read enable switch is
coupled to the first voltage point;       wherein the first node of
the memory cell access switch is coupled to a first end of the memory
cell. 3013.The reading circuit of claim 12,        further comprising
a column selecting switch comprising a first node, a second node and
a gate node;       wherein the first node of the column selecting
switch is coupled to the second node of the precharge switch. 5
14.The reading circuit of claim 13,       wherein the second node of
the first read enable switch and the second node of the column
selecting switch are coupled to a second end of the memory cell. 



1015.The reading circuit of claim 13,       wherein the second node
of the first read enable switch is coupled to the second node of the
precharge switch; and       wherein the second node of the column
selecting switch is coupled to a second end of the memory cell. 15
16. The reading circuit of claim 13,       further comprising a third
transistor comprising a first node, a second node and a gate node;
wherein the first node of the third transistor is coupled to the
first input node of 20the comparator circuit;       wherein the
second node of the third transistor is coupled to the second node of
the column selecting switch;       wherein the gate node of the third
transistor is coupled to the gate node of the column selecting
switch. 25 17. The reading circuit of claim 1, wherein the precharge
switch, the memory cell access switch, the first read enable switch,
the second read enable switch and the column selecting switch are
transistors. 3018.The reading circuit of claim 1, wherein the memory
cell access switch is a row selecting switch. 




