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1
DISTURB-FREE STATIC RANDOM ACCESS
MEMORY CELL

BACKGROUND OF THE INVENTION

1. Field of the [nvention

The present invention relates to a static random access
memory cell, and more particularly, to a disturb-free static
random access memory cell operable under a wide range of
supply voltages, and having a high density and high data
accessing speed.

2. Description of the Prior Art

Please refer to FIG. 1. FIG. 1 is a diagram illustrating a
conventional static random access memory. The static ran-
dom access memory comprises a static random access
memory cell 10 and a sense amplifier (not shown). The con-
ventional static random access memory cell 10 comprises six
field effect transistors, i.e., a so-called 6-T static random
access memory cell. Me and Mf are the access transistor (also
called pass-transistor). The latch circuit 11 comprises two
inverters 11a and 115, and each inverter comprises an N-type
Field Effect Transistor (NFET) and a P-type Field Effect
Transistor (PFET). When a logic value (i.e., the bit value
stored) in the static random access memory cell 10 isread, the
voltage level of the first bit line 12 and the second bit line 16
are charged to a high voltage level. Then, the voltage level of
the word line 14 is raised to a high voltage level to turn on the
field effect transistors Me and Mf. Depending on the data
stored in the static random access memory cell, one of the
storage node (either Na or Nb) will be at logic “Low” voltage
level, and the corresponding bit line (either the first bit line 12,
or the second bit line 16) will be pulled down. The sense
amplifier of the static random access memory then deter-
mines the logic value stored in the latch circuit 11 according
to the voltage levels of the first bit line 12 and the second bit
line 16.

In addition, when a logic value (i.e., the bit value being
written) is written to the static random access memory cell 10,
the voltage level of the word line 14 is charged to a high
voltage level to turn on the field effect transistors Me and Mf.
Then, if the bit value being written is logic 1, the voltage level
of the first bit line 12 is charged to the high voltage level and
the voltage level of the second bit line 16 is discharged to the
low voltage level; or if the bit value being written is logic O,
the voltage level of the first bit line 12 is discharged to the low
voltage level and the voltage level of the second bit line 16 is
charged to the high voltage level. Accordingly, the logic value
(i.e., the bit value being written) is written into the latch
circuit 11 by complementing the voltage levels of the first bit
line 12 and the second bit line 16.

When the bit value of logic 0 is read from the latch circuit
11, the logic O stored in the latch circuit 11 discharges the
voltage level of the bit line coupled to the latch circuit 11 to
the low voltage level. However, the electric charge on the bit
line is also poured to the cell storage node (Na or Nb) of the
latch circuit 11 coupled to the bit line when the bit value of
logic Ois read from the latch circuit 11. Furthermore, since the
access (pass) transistor (Me or Mf) forms a voltage divider
with the pull-down N-type field effect transistor of the
inverter in the latch circuit 11, the cell storage node (Naor Nb)
of the latch circuit 11 may suffer from a disturb voltage,
which is called the read-select-disturb phenomenon. If the
disturb voltage level is large enough to flip the opposite side
inverter of the latch circuit 11, the logic value stored in the
latch circuit 11 could be changed. Accordingly, the sense
amplifier may read a wrong value from the latch circuit 11.
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Furthermore, in the process of reading or writing the bit
value into the latch circuit 11, when the voltage level of the
word line 14 is charged to the high voltage level, all of the
access (pass) transistors in the static random access memory
cells coupled to the word line 14 are turned on, then the static
random access memories that are coupled to the word line 14
but not coupled to the bit line 12 and 16 may also suffer from
a disturb phenomenon similar to the read-select-disturb phe-
nomenon. Therefore, the logics values stored in the afore-
mentioned static random access memory cells could be
changed, which is called the half-select-disturb phenomenon.
When the half-select-disturb phenomenon occurs in the pro-
cess of reading, the half-select-disturb phenomenon 1s also
called read half-select-disturb; and when the half-select-dis-
turb phenomenon occurs in the process of writing, the half-
select-disturb phenomenon is also called write half-select-
disturb.

Since the access (pass) transistors (e.g., the transistors Me
and Mf in FIG. 1) have both the role of passing the write-in
data into the latch circuit 11 and passing the read-out data to
the bit lines, the stability of the data stored in the latch circuit
11 and the data write-in speed of the static random access
memory is a trade-off. To reduce read-select-disturb and half-
select-disturb, the access (pass) transistors need to be sized
down. On the other hand, to improve write margin and write-
in speed, the access (pass) transistors need to be sized up. In
addition, the supply voltage level of the static random access
memory is getting lower in advanced manufacturing pro-
cesses, and therefore the threshold voltage (V) of the field
effect transistor in the static random access memory is lower
also, while the spread of V, (called V; scatter) becomes
larger. Accordingly, the stability of the data stored in the latch
circuit 11 is more easily affected by the spread (variation) of
the threshold voltage (V) of the field effect transistor in the
static random access memory. Therefore, providing a stable
and high speed static random access memory cell is a signifi-
cant concern in this field.

SUMMARY OF THE INVENTION

One of the objectives of the present invention is to provide
a disturb-free static random access memory cell operable
under a wide range of supply voltage, and has a high density
and high data accessing speed.

According to a first embodiment of the present invention, a
disturb-free static random access memory cell is disclosed.
The disturb-free static random access memory cell comprises
a latch circuit, a first switching circuit, a second switching
circuit, a third switching circuit, and a sensing amplifier. The
latch circuit has a first access terminal and a second access
terminal. The first switching circuit has a first bit transferring
terminal coupled to the first access terminal, a first control
terminal coupled to a first write word line, and a second bit
transferring terminal. The second switching circuit has a third
bit transferring terminal coupled to the second access termi-
nal, a second control terminal coupled to a second write word
line, and a fourth bit transferring terminal coupled to the
second bit transferring terminal. The third switching circuit
has a fifth bit transferring terminal coupled to the fourth bit
transferring terminal, a third control terminal coupled to a
word line, and a sixth bit transferring terminal coupled to a bit
line; and a sensing amplifier, coupled to the bit line, for
determining the bit value appearing at the bit line.

According to a second embodiment of the present inven-
tion, a disturb-free static random access memory cell is dis-
closed. The disturb-free static random access memory cell
comprises a latch circuit, a first switching circuit, a second
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switching circuit, a third switching circuit, and a fourth
switching circuit. The latch circuit has a first access terminal
and a second access terminal. The first switching circuit has a
first bit transferring terminal coupled to the first access ter-
minal of the latch circuit, a first control terminal coupled to a
first write word line, and a second bit transferring terminal.
The second switching circuit has a third bit transferring ter-
minal coupled to the second access terminal of the latch
circuit, a second control terminal coupled to a second write
word line, and a fourth bit transferring terminal coupled to the
second bit transferring terminal. The third switching circuit
has a fifth bit transferring terminal coupled to the fourth bit
transferring terminal, a third control terminal coupled to a
word line, and a sixth bit transferring terminal coupled to a bit
line. The fourth switching circuit has a control terminal
coupled to the first bit transferring terminal of the first switch-
ing circuit, a first terminal coupled to the fifth bit transferring
terminal of the third switching circuit, and a second terminal
coupled to a reference voltage level, wherein a first control
signal at the first control terminal of the first switching circuit
and a second control signal at the second control terminal of
the second switching circuit are column based signals, the
first control signal and the second control signal are arranged
to control the first switching circuit and the second switching
circuit coupled along the bit line respectively, a third control
signal at the third control terminal of the third switching
circuit is a row based signal, the third control signal is
arranged to control the third switching circuit coupled along
the word line, and when the disturb-free static random access
memory cell is under a data read mode, the first control signal
1s arranged to not turn on the first switching circuit, and the
second control signal is arranged to not turn on the second
switching circuit.

According to a third embodiment of the present invention,
a disturb-free static random access memory cell is disclosed.
The disturb-free static random access memory cell comprises
a latch circuit, a first switching circuit, a second switching
circuit, a third switching circuit, and a fourth switching cir-
cuit. The latch circuit has a first access terminal and a second
access terminal. The first switching circuit has a first bit
transferring terminal coupled to the first access terminal of
the latch circuit, a first control terminal coupled to a first write
word line, and a second bit transferring terminal. The second
switching circuit has a third bit transferring terminal coupled
to the second access terminal of the latch circuit, a second
control terminal coupled to a second write word line, and a
fourth bit transferring terminal coupled to the second bit
transferring terminal. The third switching circuit has a fifth bit
transferring terminal coupled to the fourth bit transferring
terminal, a third control terminal coupled to a word line, and
a sixth bit transferring terminal coupled to a bit line. The
fourth switching circuit has a control terminal coupled to the
first bit transferring terminal of the first switching circuit, a
first terminal coupled to the fifth bit transferring terminal of
the third switching circuit, and a second terminal coupled to a
reference voltage level, wherein a first control signal at the
first control terminal of the first switching circuit and a second
control signal at the second control terminal of the second
switching circuit are column based signals, the first control
signal and the second control signal are arranged to control
the first switching circuit and the second switching circuit
coupled along the bit line respectively, a third control signal at
the third control terminal of the third switching circuitis a row
based signal, the third control signal is arranged to control the
third switching circuit coupled along the word line, and when
the disturb-free static random access memory cell is under a
sleep mode, and when the bit line and the reference voltage
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level correspond to the same logic value, the word line is
arranged to not turn on the third switching circuit, the first
control signal is arranged to not turn on the first switching
circuit, and the second control signal is arranged to not turn on
the second switching circuit.

These and other objectives of the present invention will no
doubt become obvious to those of ordinary skill in the art after
reading the following detailed description of the preferred
embodiment that is illustrated in the various figures and draw-
ings.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a diagram illustrating a conventional 6-T static
random access memory cell.

FIG. 2 is a diagram illustrating a disturb-free static random
access memory cell according to an embodiment of the
present invention.

FIG. 3 is a diagram illustrating the disturb-free static ran-
dom access memory cell under a data read mode.

FIG. 4 is a diagram illustrating the disturb-free static ran-
dom access memory cell under a data write mode when the
data being written into the latch circuit is logic 0.

FIG. 5 is a diagram illustrating the disturb-free static ran-
dom access memory cell under the data write mode when the
data being written into the latch circuit is logic 1.

FIG. 6 is a diagram illustrating the disturb-free static ran-
dom access memory cell under a sleep mode.

FIG. 7 is a diagram illustrating a disturb-free static random
access memory cell according to a second embodiment of the
present invention.

FIG. 8 is a diagram illustrating the disturb-free static ran-
dom access memory cell in FIG. 7 under the sleep mode.

FIG. 9 is a diagram illustrating the disturb-free static ran-
dom access memory cell under the data read mode according
to another embodiment of the present invention.

DETAILED DESCRIPTION

Certain terms are used throughout the description and fol-
lowing claims to refer to particular components. As one
skilled in the art will appreciate, electronic equipment manu-
facturers may refer 1o a component by different names. This
document does not intend to distinguish between components
that differ in name but not function. In the following descrip-
tion and in the claims, the terms “include” and “comprise” are
used in an open-ended fashion, and thus should be interpreted
to mean “include, but not limited to . . . ”. Also, the term
“couple” is intended to mean either an indirect or direct
electrical connection. Accordingly, if one device is coupled to
another device, that connection may be through a direct elec-
trical connection, or through an indirect electrical connection
via other devices and connections.

Please refer to FIG. 2. FIG. 2 is a diagram illustrating a
disturb-free static random access memory cell 100 according
to an embodiment of the present invention. The disturb-free
static random access memory cell 100 comprises a latch
circuit 102, a first switching circuit 104, a second switching
circuit 106, a third switching circuit 108, a fourth switching
circuit 110, and a sensing amplifier (not shown in FIG. 2). The
latch circuit 102 is arranged to store a data bit (i.e., the logic
1 or logic 0). In this embodiment, the latch circuit 102 com-
prises four field effect transistors M1-M4, wherein the tran-
sistor M1, M3 are configured as a first inverter, the transistors
M2, M4 are configured as a second inverter, and the first
inverter and the second inverter is arranged to have a positive
feedback loop, i.e., a latch. More specifically, the output
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terminal N1 (i.e., a first access terminal of the latch circuit) of
the first inverter is coupled to an input terminal of the second
inverter, and the output terminal N2 (i.e., a second access
terminal of the latch circuit) of the second inverter is coupled
to an input terminal of the first inverter. Furthermore, the latch
circuit 102 operates between a supply voltage VCS and a
ground voltage VSS. The first switching circuit 104 has a first
terminal (i.e., a bit transferring terminal of the first switching
circuit 104) coupled to the output terminal N1 of the latch
circuit 102, a second terminal N3 (i.e., the other bit transfer-
ring terminal of the first switching circuit 104), and a control
terminal N4 for receiving a first control signal WWLB. The
second switching circuit 106 has a first terminal (i.e., a bit
transferring terminal of the second switching circuit 106)
coupled to the output terminal N2 of the latch circuit 102, a
second terminal (i.e., the other bit transferring terminal of the
second switching circuit 106) coupled to the second terminal
N3 of'the first switching circuit 104, and a control terminal N§
coupled to a second control signal WWL. The third switching
circuit 108 has a first terminal (i.e., a bit transferring terminal
of the third switching circuit 108) coupled to the second
terminal N3 of the first switching circuit, a second terminal
N6 (i.e., the other bit transferring terminal of the third switch-
ing circuit 108) coupled to a bit line 112, and a control
terminal N7 coupled to a word line 114. The fourth switching
circuit 110 has a control terminal coupled to the output ter-
minal N1 of the latch circuit 102, a first terminal coupled to
the first terminal N3 of the third switching circuit 108, and a
second terminal N8 coupled to a reference voltage VVSS,
wherein the first control signal WWLB of the first switching
circuit 104 and the second control signal WWL of the second
switching circuit 106 are column based signals for controlling
the first switching circuit 104 and the second switching circuit
106 coupled along the bit line 112; and the control terminal
N4 (which is coupled to the word line 114) of the third
switching circuit 108 is a row based signal for controlling the
third switching circuit 108 coupled along the word line 114.
Inaddition, the sensing amplifier is coupled to the bit line 112
for determining a bit value appearing at the bit line 112.
According to the embodiment of the disturb-free static
random access memory cell 100, the first switching circuit
104, the second switching circuit 106, the third switching
circuit 108 and the fourth switching circuit 110 are imple-
mented by N-type field effect transistors, and their connec-
tivity is shown in FIG. 2. Since the disturb-free static random
access memory cell 100 comprises eight field effect transis-
tors, the disturb-free static random access memory cell 100 is
also called 8-T disturb-free static random access memory
cell. Furthermore, when the disturb-free static random access
memory cell 100 is under a data write mode, the first control
signal WWLB and the second control signal WWL respec-
tively control the first switching circuit 104 and the second
switching circuit 106 to not turn on at the same time. More
specifically, when the disturb-free static random access
memory cell 100 is under the data write mode, the first control
signal WWLB and the second control signal WWL respec-
tively control the on/off of the first switching circuit 104 and
the second switching circuit 106 according to a data bit being
written into the latch circuit 102. In other words, when the
data bit being written into the latch circuit 102 corresponds to
a first logic value, and when the bit line 112 corresponds to a
second logic value different from the first logic value, the
word line 114 turns on the third switching circuit 108, the first
control signal WWLB turns on the first switching circuit 104
and the second control signal WWL does not turn on the
second switching circuit 106; and when the data bit being
written in the latch circuit 102 corresponds to the second logic

20

25

40

45

60

65

6

value, and when the bit line 112 corresponds to the second
logic value, the word line 114 turns on the third switching
circuit 108, the first control signal WWLB does not turn on
the first switching circuit 104 and the second control signal
WWL turns on the second switching circuit 106.

In addition, when the disturb-free static random access
memory cell 100 is under a data read mode, when the voltage
level of the bit line 112 is the first logic value, and when the
reference voltage VVSS is the second logic value different
from the first logic, the word line 114 turns on the third
switching circuit 108, the first control signal WWLB does not
turn on the first switching circuit 104, and the second control
sighal WWL does not turn on the second switching circuit
106. When the disturb-free static random access memory cell
100 is under a sleep mode, and when the bit line 112 and the
reference voltage VVSS correspond to the same logic value,
the word line 114 does not turn on the third switching circuit
108, the first control signal WWLB does not turn on the first
switching circuit 104, and the second control signal WWL
does not turn on the second switching circuit 106.

Please refer to FIG. 3. FIG. 3 is a diagram illustrating the
disturb-free static random access memory cell 100 under the
data read mode. When the disturb-free static random access
memory cell 100 is under the data read mode, the voltage
levels of the first control signal WWLB and the second con-
trol signal WWL are at the low voltage level VL to turn off the
first switching circuit 104 and the second switching circuit
106 respectively. The voltage level of the bit line 112 is first
charged to the high voltage level VH, i.e., the first logic value
is the high voltage level VH and the reference voltage VVSS
1s at the low voltage level VL. Then, the voltage level of the
word line 114 is charged to the high voltage level VH for
turning on the third switching circuit 108. When the third
switching circuit 108 is turned on, the voltage level of the bit
line 112 is discharged to the reference voltage VVSS or to stay
at the high voltage level VH according to the data bit stored in
the latch circuit 102. More specifically, in this embodiment,
when the data bit stored in the latch circuit 102 is logic 0, then
the voltage level at the output terminal N1 is the high voltage
level VH. Therefore, the fourth switching circuit 110 is turned
on by the high voltage level VH. Accordingly, the electric
charges on the bit line 112 pass through the third switching
circuit 108 and the fourth switching circuit 110 to charge the
second terminal N8 of the fourth switching circuit 110, and
then the voltage level of the bit line 112 is discharged to the
low voltage level VL. Otherwise, when the data bit stored in
the latch circuit 102 is logic 1, the voltage level of the output
terminal N1 is the low voltage level VL, therefore the fourth
switching circuit 110 is turned off. Accordingly, the electric
charges on the bit line 112 are not discharged to the second
terminal N8 of the fourth switching circuit 110, and the volt-
age level of the bit line 112 is kept at the high voltage level
VH. Therefore, when the disturb-free static random access
memory cell 100 is under the data read mode, a sensing unit
(e.g., the sensing amplifier of the present embodiment) of the
disturb-free static random access memory cell 100 can be
employed to detect the voltage level of the bit line 112 for
determining the data bit stored in the latch circuit 102.

Please note that, when the disturb-free static random access
memory cell 100 is under the data read mode, the first switch-
ing circuit 104 and the second switching circuit 106 are not
turned on, therefore the electric charges on the bit line 112
will not affect the data bit stored in the latch circuit 102. In
other words, the present embodiment overcomes the read-
select-disturb problem faced by the conventional 6-T static
random access memory. Similarly, when the disturb-free
static random access memory cell 100 is under the data read



US 8,259,510 B2

7

mode, the third switching circuit in a specific disturb-free
static random access memory cell that couples to the word
line 114 is also turned on. However, since the first switching
circuit and the second switching circuitinthe specific disturb-
free static random access memory cell are not turned on, the
electric charges on the bit line coupled to the specific disturb-
free static random access memory cell will not affect the data
bit stored in the latch circuit of the specific disturb-free static
random access memory cell. Therefore, the present embodi-
ment also overcomes the read half-select-disturb problem
faced by the conventional 6-T static random access memory.

Please refer to FIG. 4. FIG. 4 is a diagram illustrating the
disturb-free static random access memory cell 100 under the
data write mode when the data being written into the latch
circuit 102 is logic 0. In this embodiment, when the disturb-
free static random access memory cell 100 is going to write
the data bit of logic 0 into the latch circuit 102, a control unit
ofthe disturb-free static random access memory cell 100 first
charges the voltage level of the bit line 112 to the high voltage
level VH, and sets the reference voltage VVSS at the low
voltage level VL. Then, the control unit sets the voltage level
of the first control signal WWLB at the low voltage level VL
to turn off the first switching circuit 104, and sets the voltage
level of the second control signal WWL at the high voltage
level VH to turn on the second switching circuit 106. Mean-
while, the voltage level of the word line 114 is charged to the
high voltage level VH for turning on the third switching
circuit 108. Then, the voltage level of the bit line 112 of the
disturb-free static random access memory cell 100 is dis-
charged to the low voltage level VL. Since the second switch-
ing circuit 106 and the third switching circuit 108 are turned
on, the electric charges on the output terminal N2 of the latch
circuit 102 are discharged to the low voltage level VL of the
bit line 112. Then, the voltage level of the output terminal N2
(i.e., the data Q of the latch circuit) becomes the low voltage
level VL, and the voltage level of the output terminal N1 (i.e.,
the data QB of the latch circuit) of the latch circuit 102
becomes the high voltage level VH. Accordingly, the data bit
of logic 0 is written into the latch circuit 102.

FIG. 5 is a diagram illustrating the disturb-free static ran-
dom access memory cell 100 under the data write mode when
the data being written into the latch circuit 102 is logic 1. In
this embodiment, when the disturb-free static random access
memory cell 100 is going to write the data bit of logic 1 into
the latch circuit 102, the control unit of the disturb-free static
random access memory cell 100 first charges the voltage level
of the bit line 112 to the high voltage level VH, and sets the
reference voltage VVSS at the low voltage level VL. Then, the
control unit sets the voltage level of the first control signal
WWLB at the high voltage level VH to turn on the first
switching circuit 104, and sets the voltage level of the second
control signal WWL at the low voltage level VL to turn off the
second switching circuit 106. Meanwhile, the voltage level of
the word line 114 is charged to the high voltage level VH for
turning on the third switching circuit 108. Then, the voltage
level of the bit line 112 of the disturb-free static random
access memory cell 100 is discharged to the low voltage level
VL. Since the first switching circuit 104 and the third switch-
ing circuit 108 are turned on, the electric charges on the output
terminal N1 of the latch circuit 102 are discharged to the low
voltage level VL of the bit line 112. Then, the voltage level of
the output terminal N1 (i.e., the data QB of the latch circuit)
becomes the low voltage level VL, and the voltage level of the
output terminal N2 (i.e., the data Q of the latch circuit) of the
latch circuit 102 becomes the high voltage level VH. Accord-
ingly, the data bit oflogic 1 is written into the latch circuit 102.
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Accordingto FIG. 4and FIG. 5, to write the data bit into the
latch circuit 102 precisely, the control unit turns on one of the
first switching circuit 104 and the second switching circuit
106, and turns off the other of the first switching circuit 104
and the second switching circuit 106 according to the logic
value of the data bit. Furthermore, no matter whether the data
bit being written into the latch circuit 102 is logic O or logic 1,
the voltage level of the bit line 112 coupled to the disturb-free
static random access memory cell 100 is always set to the low
voltage level VL for discharging the electric charges in the
latch circuit 102 via the N-type pass transistor (e.g., the first
switching circuit 104, the second switching circuit 106,
or/and the third switching circuit 108). Therefore, the disturb-
free static random access memory cell 100 has the same high
efficiency of writing the logic 0 and logic 1 into the latch
circuit 102. In other words, the disturb-free static random
access memory cell 100 improves the speed of writing data
into the latch circuit 102. In addition, when the data bit being
written into the latch circuit 102 is logic 1, the disturb-free
static random access memory cell 100 discharges the latch
circuit 102 via N-type pass transistor to write the data bit of
logic 1 into the latch circuit 102 rather than charges the latch
circuit 102, thus the disturb-free static random access
memory cell 100 is able to operate under low voltage. Fur-
thermore, the disturb-free static random access memory cell
100 only utilizes one external switching circuit (i.e., the third
switching circuit 108) to connect two internal switching cir-
cuits (i.e., the first switching circuit 104 and the second
switching circuit 106), and only utilizes one bit line 112 to
write/read the data bit stored in the latch circuit 102; therefore
the size/area of the disturb-free static random access memory
cell 100 can be reduced greatly.

Please refer to FIG. 4 in conjunction with FIG. 5. The
control signals (i.e., WWLB, WWL) of the first switching
circuit 104 and the second switching circuit 106 are column
based signals, and the signal on the control terminal N7,
which is coupled to the word line 114, of the third switching
circuit 108 is a row based signal, therefore only the third
switching circuit 108 and one of the first switching circuit 104
and the second switching circuit 106 of the chosen latch
circuit (located in the mid-point of the chosen row and the
chosen column) are turned on to perform the write-in process
when the disturb-free static random access memory cell 100
is under the data write mode. Please note that, when the
disturb-free static random access memory cell 100 is under
the data write mode, the first switching circuit and the second
switching circuit in the half-select cell that couples to the
same word line 114 are not turned on, and the third switching
circuit in the half-select cell that couples to the same bit line
112 is not turned on. Therefore, the electric charges on a
specific bit line of the specific disturb-free static random
access memory cell (i.e., the half-select cell) will not affect
the data bit stored in a specific latch circuit of the specific
disturb-free static random access memory cell. In other
words, the present embodiment also overcomes the write
half-select-disturb problem faced by the conventional 6-T
static random access memory 10.

Please refer to FIG. 6. FIG. 6 is a diagram illustrating the
disturb-free static random access memory cell 100 under the
sleep mode. In the embodiment, when the disturb-free static
random access memory cell 100 is under the sleep mode, the
control unit of the disturb-free static random access memory
cell 100 charges the voltage level of the bitline 112 to the high
voltage level VH, discharges the voltage level of the word line
114 to the low voltage level VL to turn off the third switching
circuit 108, and sets the voltage levels of the first control
signal WWLB and the second control signal WWL at the low
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voltage level VL to turn off the first switching circuit 104 and
the second switching circuit 106 respectively. Furthermore, to
reduce the leakage current caused by the bit line 112, the
control unit raises the voltage level of the reference voltage
VVSS. For example, when the disturb-free static random
access memory cell 100 is under the sleep mode, the control
unit sets the voltage level of the reference voltage VVSS at the
high voltage level VH. Accordingly, the path between the bit
line 112 and the second terminal N8 of the fourth switching
circuit 110 is opened by a switching circuit (i.e., the third
switching circuit 108), and the voltage level of the bit line 112
equals the voltage level of the second terminal N8 of the
fourth switching circuit 110. Therefore, the electric charges
on the bit line 112 will not leak to the second terminal N8 of
the fourth switching circuit 110 via the fourth switching cir-
cuit 110.

Furthermore, to improve the leakage problem of the dis-
turb-free static random access memory cell 100 under the
sleep mode, a fifth switching circuit is further introduced in
another embodiment of the disturb-free static random access
memory cell 200 of the present invention as shown in FIG. 7.
FIG. 7 is a diagram illustrating a disturb-free static random
access memory cell 200 according to a second embodiment of
the present invention. The disturb-free static random access
memory cell 200 comprises a latch circuit 202, a first switch-
ing circuit 204, a second switching circuit 206, a third switch-
ing circuit 208, a fourth switching circuit 210, and a fifth
switching circuit 212. The latch circuit 202 is arranged to
store a data bit (i.e., the logic 1 or logic 0). Similar to the first
embodiment disturb-free static random access memory cell
100, the latch circuit 202 comprises four field effect transis-
tors M1'-M4', which are configured as a positive feedback
loop, i.e., a latch. Furthermore, the latch circuit 202 is oper-
ated between a supply voltage VCS' and a ground voltage
VSS'. The first switching circuit 204 has a first terminal
coupled to the output terminal N1' of the latch circuit 202, a
second terminal N3', and a control terminal N4' for receiving
a first control signal WWLB'". The second switching circuit
206 has a first terminal coupled to the output terminal N2' of
the latch circuit 202, a second terminal coupled to the second
terminal N3' of the first switching circuit 204, and a control
terminal N5' coupled to a second control signal WWL'. The
third switching circuit 208 has a first terminal coupled to the
second terminal N3' of the first switching circuit, a second
terminal N6' coupled to a bit line 214, and a control terminal
N7' coupled to a word line 216. The fourth switching circuit
210 has a control terminal coupled to the output terminal N1'
of the latch circuit 202, a first terminal N8', and a second
terminal N9' coupled to a reference voltage VVSS'. The fifth
switching circuit 212 has a first terminal coupled to the first
terminal of the third switching circuit 208, a second terminal
coupled to the first terminal of the fourth switching circuit
(i.e., N8"), and a control terminal coupled to the word line 216
(i.e., N7"), wherein the first control signal WWLB' of the first
switching circuit 204 and the second control signal WWL' of
the second switching circuit 206 are column based signals for
controlling the first switching circuit 204 and the second
switching circuit 206 coupled along the bit line 214; and the
control terminal N7' (which is coupled to the word line 216)
of the third switching circuit 208 is a row based signal for
controlling the third switching circuit 208 coupled along the
word line 216.

Accordingto the disturb-free static random access memory
cell 200, the first switching circuit 204, the second switching
circuit 206, the third switching circuit 208, the fourth switch-
ing circuit 210, and the fifth switching circuit 212 are imple-
mented by N-type field effect transistors, and their connec-
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tivity is shown in FIG. 7. Since the disturb-free static random
access memory cell 200 comprises nine field effect transis-
tors, the disturb-free static random access memory cell 200 is
also called 9-T disturb-free static random access memory
cell. Similar to the disturb-free static random access memory
cell 100, when the disturb-free static random access memory
cell 200 is under a data write mode, the first control signal
WWLB' and the second control signal WWL' respectively
control the first switching circuit 204 and the second switch-
ing circuit 206 to not turn on at the same time. More specifi-
cally, when the disturb-free static random access memory cell
200 is under the data write mode, the first control signal
WWLB' and the second control signal WWL' respectively
control the on/off of the first switching circuit 204 and the
second switching circuit 206 according to a data bit being
written into the latch circuit 202. In other words, when the
data bit being written into the latch circuit 202 corresponds to
a first logic value, and when the bit line 214 corresponds to a
second logic value different from the first logic value, the
word line 216 turns on the third switching circuit 208, the first
control signal WWLB!' turns on the first switching circuit 204
and the second control signal WWL' does not turn on the
second switching circuit 206; and when the data bit being
written into the latch circuit 202 corresponds to the second
logic value, and when the bit line 214 corresponds to the
second logic value, the word line 216 turns on the third
switching circuit 208, the first control signal WWLB' does not
turn on the first switching circuit 204 and the second control
signal WWL' turns on the second switching circuit 206.

In addition, when the disturb-free static random access
memory cell 200 is under a data read mode, when the voltage
level of the bit line 214 is the first logic value, and when the
reference voltage VVSS' is the second logic value different
from the first logic value, the word line 216 turns on the third
switching circuit 208 and the fifth switching circuit 212, the
first control signal WWLB' does not turn on the first switching
circuit 204, and the second control signal WWL' does not turn
on the second switching circuit 206. When the disturb-free
static random access memory cell 200 is under a sleep mode,
and when the bit line 214 and the reference voltage VVSS'
correspond to the same logic value (i.e., the first logic value),
the word line 216 does not turn on the third switching circuit
208 and the fifth switching circuit 212, the first control signal
WWLB' does not turn on the first switching circuit 204, and
the second control signal WWL' does not turn on the second
switching circuit 206.

Please note that the operations of the data read mode, the
data write mode, and the sleep mode of the disturb-free static
random access memory cell 200 are similar to those of the
disturb-free static random access memory cell 100. In other
words, the aforementioned data read mode, the data write
mode, and the sleep mode of the disturb-free static random
access memory cell 100 are also adapted to the disturb-free
static random access memory cell 200, thus the detailed
descriptionis omitted here for brevity. The following descrip-
tion is focused on the operation related to the newly added
fifth switching circuit 212. Please refer to FIG. 8. FIG. 8 is a
diagram illustrating the disturb-free static random access
memory cell 200 under the sleep mode. When the disturb-free
static random access memory cell 200 is under the sleep
mode, the control unit ofthe disturb-free static random access
memory cell 200 charges the voltage level of the bit line 214
to the high voltage level VH', discharges the voltage level of
the word line 216 to the low voltage level VL' to turn off the
third switching circuit 208 and fifth switching circuit 212, and
sets the voltage levels of the first control signal WWLB' and
the second control signal WWL' at the low voltage level VL'
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to turn off the first switching circuit 204 and the second
switching circuit 206 respectively. Meanwhile, the control
unit raises the voltage level of the reference voltage VVSS'.
For example, when the disturb-free static random access
memory cell 200 is under the sleep mode, the control unit sets
the voltage level of the reference voltage VVSS' at the high
voltage level VH'. Accordingly, the path between the bit line
214 and the second terminal N9' of the fourth switching
circuit 210 is opened by the two switching circuits (i.e., the
third switching circuit 208 and the fifth switching circuit
212), and the voltage level of the bit line 214 equals the
voltage level of the second terminal N9' of the fourth switch-
ing circuit 210. Therefore, the electric charges on the bit line
214 will not leak to the second terminal N9' of the fourth
switching circuit 210 via the fourth switching circuit 210.

Please note that the disturb-free static random access
memory cell 100 and the disturb-free static random access
memory cell 200 are not limited by the aforementioned data
write mode, the data read mode, and the sleep mode. Those
skilled in the art should understand that the disturb-free static
random access memory cell 100 and the disturb-free static
random access memory cell 200 may only perform one or two
of the aforementioned modes, i.e., the data write mode, the
data read mode, and the sleep mode.

In addition, please refer to FIG. 3 in conjunction with FIG.
9. FIG. 9 is a diagram illustrating the disturb-free static ran-
dom access memory cell 900 under the data read mode
according to another embodiment of the present invention.
Compared with the disturb-free static random access memory
cell 100 shown in FIG. 3, the disturb-free static random
access memory cell 900 omits the fourth switching circuit
110 in the disturb-free static random access memory cell 100.
For the sake of brevity, the marks of the elements and signals
in the disturb-free static random access memory cell 900 are
similar to those in the disturb-free static random access
memory cell 100; however, those skilled in the art should
understand that the electrical characteristic of the elements
and signals in the disturb-free static random access memory
cell 900 are not limited by the elements and signals in the
disturb-free static random access memory cell 100. More
specifically, the fourth switching circuit 110 of the disturb-
free static random access memory cell 100 is an optional
element for the disturb-free static random access memory cell
900. Therefore, the disturb-free static random access memory
cell 900 may also comprise a fourth switching circuit of
which the operation is similar to the fourth switching circuit
110 of the disturb-free static random access memory cell 100,
Similarly, the disturb-free static random access memory cell
900 may also comprise a fourth switching circuit and a fifth
switching circuit of which their operations are similar to the
fourth switching circuit 210 and the fifth switching circuit
212, respectively, of the disturb-free static random access
memory cell 200.

When the disturb-free static random access memory cell
900 is under the data read mode, the voltage level of the first
control signal WWLB is the low voltage level VL to turn off
the first switching circuit 104, and the voltage level of the
second control signal WWL is the high voltage level VH to
turn on the second switching circuit 106. Then, the voltage
level of the bit line 112 is first charged to the high voltage level
VH, i.e., the first logic value. Then, the voltage level of the
word line 114 is charged to the high voltage level VH for
turning on the third switching circuit 108. When the third
switching circuit 108 is turned on, the voltage level of the bit
line 112 is discharged to the reference voltage VSS (i.e., the
low voltage level VL) or to remain at the high voltage level
VH according to the data bit stored in the latch circuit 102.
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More specifically, in this embodiment, when the data bit
stored in the latch circuit 102 is logic 0, then the voltage level
at the output terminal N2 is the low voltage level VL. Accord-
ingly, the electric charges on the bit line 112 pass through the
second switching circuit 106 and the third switching circuit
108, and then through the cell (i.e., the latch circuit 102)
pull-down N-type field effect transistor (i.e., the transistor
M4) to VSS (i.e., the low voltage level VL), and the voltage
level of the bit line 112 is discharge to the low voltage level
VL. Otherwise, when the data bit stored in the latch circuit
102 is logic 1, the voltage level of the output terminal N2 is the
high voltage level VH, therefore the electric charges on the bit
line 112 are not discharged, and the voltage level of the bitline
112 is kept at the high voltage level VH. Therefore, when the
disturb-free static random access memory cell 100 is under
the data read mode, a sensing unit (e.g., the sensing amplifier
of the present embodiment) of the disturb-free static random
access memory cell 900 can be employed to detect the voltage
level of the bit line 112 for determining the data bit stored in
the latch circuit 102. Please note that, since the operations of
the data write mode and the sleep mode of the disturb-free
static random access memory cell 900 are similar to those of
the disturb-free static random access memory cell 100, the
detailed description is omitted here for brevity. Please also
note that the disturb-free static random access memory cell
900 overcomes the read half-select-disturb problem and the
write half-select-disturb problem faced by the 6-T static ran-
dom access memory cell 10. Since the data read mode of the
disturb-free static random access memory cell 900 is similar
to the static random access memory cell 10, the disturb-free
static random access memory cell 900 may also have the
read-select-disturb problem. However, the data bit stored in
the disturb-free static random access memory cell 900 is read
out through two switching circuits (i.e., the second switching
circuit 106 and the third switching circuit 108), thus the
disturb-free static random access memory cell 900 may have
less read-select-disturb than that in the 6-T static random
access memory cell 10.

Briefly, the disclosed embodiments, i.e., the static random
access memories 100, 200, 900 are capable of operating
under low supply voltage VCS' to overcome the read-select-
disturb, the read half-select-disturb, and the write half-select-
disturb problems faced by the 6-T static random access
memory cell 10. Furthermore, the static random access
memories 100, 200, 900 only utilize one external switching
circuit and one bit line; therefore the area of the static random
access memories 100, 200, 900 can be greatly reduced.

Those skilled in the art will readily observe that numerous
modifications and alterations of the device and method may
be made while retaining the teachings of the invention.

What is claimed is:

1. A disturb-free static random access memory cell, com-

prising:

a latch circuit, having a first access terminal and a second
access terminal;

a first switching circuit, having a first bit transferring ter-
minal coupled to the first access terminal, a first control
terminal coupled to a first write word line, and a second
bit transferring terminal,

a second switching circuit, having a third bit transferring
terminal coupled to the second access terminal, a second
control terminal coupled to a second write word line, and
a fourth bit transferring terminal coupled to the second
bit transferring terminal,

a third switching circuit, having a fifth bit transferring
terminal coupled to the fourth bit transferring terminal, a
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third control terminal coupled to a word line, and a sixth
bit transferring terminal coupled to a bit line; and

asensing amplifier, coupled to the bit line, for determining
a bit value appearing at the bit line.

2. The disturb-free static random access memory cell of
claim 1, wherein a first control signal at the first control
terminal of the first switching circuit and a second control
signal at the second control terminal of the second switching
circuit are column based signals, the first control signal and
the second control signal are arranged to control the first
switching circuit and the second switching circuit coupled
along the bit line respectively, a third control signal at the
third control terminal of the third switching circuit is a row
based signal, the third control signal is arranged to control the
third switching circuit coupled along the word line, and when
the disturb-free static random access memory cell is under a
data write mode, the first control signal and the second control
signal respectively control the first switching circuit and the
second switching circuit do not turn on at the same time.

3. The disturb-free static random access memory cell of
claim 2, wherein when the disturb-free static random access
memory cell is under the data write mode, the first control
signal and the second control signal respectively control the
switching of the first switching circuit and the second switch-
ing circuit according to a data bit being written into the latch
circuit.

4. The disturb-free static random access memory cell of
claim 3, wherein when the data bit being written into the latch
circuit corresponds to a first logic value, and when a voltage
level of the bit line is a second logic value different from the
first logic value, the word line is arranged to turn on the third
switching circuit, the first control signal is arranged to turn on
the first switching circuit and the second control signal is
arranged to not turn on the second switching circuit; and when
the data bit being written into the latch circuit corresponds to
the second logic value, and when the voltage level of the bit
line is the second logic value, the word line is arranged to turn
on the third switching circuit, the first control signal is
arranged to not turn on the first switching circuit and the
second control signal is arranged to turn on the second switch-
ing circuit.

5. The disturb-free static random access memory cell of
claim 2, wherein when the disturb-free static random access
memory cell is under a data read mode, the word line is
arranged to turn on the third switching circuit, the first control
signal is arranged to not turn on the first switching circuit and
the second control signal is arranged to turn on the second
switching circuit.

6. The disturb-free static random access memory cell of
claim 2, further comprising:

a fourth switching circuit, having a control terminal
coupled to the first bit transferring terminal of the first
switching circuit, a first terminal coupled to the fifth bit
transferring terminal of the third switching circuit, and a
second terminal coupled to a reference voltage level.

7. The disturb-free static random access memory cell of
claim 6, wherein when the disturb-free static random access
memory cell is under a data read mode, when a voltage level
of the bit line is a first logic value, and when the reference
voltage level is a second logic value different from the first
logic value, the word line is arranged to turn on the third
switching circuit, the first control signal is arranged to not
turn on the first switching circuit, and the second control
signal is arranged to not turn on the second switching circuit.

8. The disturb-free static random access memory cell of
claim 6, wherein when the disturb-free static random access
memory cell is under a sleep mode, and when the bit line and
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the reference voltage level correspond to a same logic value,
the word line is arranged to not turn on the third switching
circuit, the first control signal is arranged to not turn on the
first switching circuit, and the second control signal is
arranged to not turn on the second switching circuit.

9. The disturb-free static random access memory cell of
claim 6, further comprising:

a fifth switching circuit, having a first terminal coupled to
the fifth bit transferring terminal of the third switching
circuit, a second terminal coupled to the first terminal of
the fourth switching circuit, and a control terminal
coupled to the word line.

10. The disturb-free static random access memory cell of
claim 9, wherein when the disturb-free static random access
memory cell is under a data read mode, when a voltage level
of the bit line is a first logic value, and when the reference
voltage level is a second logic value different from the first
logic value, the word line is arranged to turn on the third
switching circuit and the fifth switching circuit, the first con-
trol signal is arranged to not turn on the first switching circuit,
and the second control signal is arranged to not turn on the
second switching circuit.

11. The disturb-free static random access memory cell of
claim 9, wherein when the disturb-free static random access
memory cell is under a sleep mode, and when the bit line and
the reference voltage level correspond to a same logic value,
the word line is arranged to not turn on the third switching
circuit and the fifth switching circuit, the first control signal is
arranged to not turn on the first switching circuit, and the
second control signal is arranged to not turn on the second
switching circuit.

12. A disturb-free static random access memory cell, com-
prising:

a latch circuit, having a first access terminal and a second

access terminal;

a first switching circuit, having a first bit transferring ter-
minal coupled to the first access terminal of the latch
circuit, a first control terminal coupled to a first write
word line, and a second bit transferring terminal,

a second switching circuit, having a third bit transferring
terminal coupled to the second access terminal of the
latch circuit, a second control terminal coupled to a
second write word line, and a fourth bit transferring
terminal coupled to the second bit transferring terminal;

a third switching circuit, having a fifth bit transferring
terminal coupled to the fourth bit transferring terminal, a
third control terminal coupled to a word line, and a sixth
bit transferring terminal coupled to a bit line; and

a fourth switching circuit, having a control terminal
coupled to the first bit transferring terminal of the first
switching circuit, a first terminal coupled to the fifth bit
transferring terminal of the third switching circuit, and a
second terminal coupled to a reference voltage level,;

wherein a first control signal at the first control terminal of
the first switching circuit and a second control signal at
the second control terminal of the second switching
circuit are column based signals, the first control signal
and the second control signal are arranged to control the
first switching circuit and the second switching circuit
coupled along the bit line respectively, a third control
signal at the third control terminal ofthe third switching
circuit is a row based signal, the third control signal is
arranged to control the third switching circuit coupled
along the word line, and when the disturb-free static
random access memory cell is under a data read mode,
the first control signal is arranged 1o not turn on the first
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switching circuit, and the second control signal is
arranged to not turn on the second switching circuit.

13. The disturb-free static random access memory cell of
claim 12, wherein when the

disturb-free static random access memory cell is under the
data read mode, when a voltage level of the bit line is a
first logic value, and when the reference voltage level is
a second logic value different from the first logic value,
the word line is arranged to turn on the third switching
circuit.

14. The disturb-free static random access memory cell of
claim 12, wherein when the disturb-free static random access
memory cell is under a sleep mode, and when the bit line and
the reference voltage level correspond to a same logic value,
the word line is arranged to not turn on the third switching
circuit, the first control signal is arranged to not turn on the
first switching circuit, and the second control signal is
arranged to not turn on the second switching circuit.

15. A disturb-free static random access memory cell, com-
prising:

a latch circuit, having a first access terminal and a second

access terminal;

a first switching circuit, having a first bit transferring ter-
minal coupled to the first access terminal of the latch
circuit, a first control terminal coupled to a first write
word line, and a second bit transferring terminal;

a second switching circuit, having a third bit transferring
terminal coupled to the second access terminal of the
latch circuit, a second control terminal coupled to a
second write word line, and a fourth bit transferring
terminal coupled to the second bit transferring terminal;

a third switching circuit, having a fifth bit transferring
terminal coupled to the fourth bit transferring terminal, a
third control terminal coupled to a word line, and a sixth
bit transferring terminal coupled to a bit line; and
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a fourth switching circuit, having a control terminal
coupled to the first bit transferring terminal of the first
switching circuit, a first terminal coupled to the fifth bit
transferring terminal of the third switching circuit, and a
second terminal coupled to a reference voltage level,

wherein a first control signal at the first control terminal of
the first switching circuit and a second control signal at
the second control terminal of the second switching
circuit are column based signals, the first control signal
and the second control signal are arranged to control the
first switching circuit and the second switching circuit
coupled along the bit line respectively, a third control
signal at the third control terminal of the third switching
circuit is a row based signal, the third control signal is
arranged to control the third switching circuit coupled
along the word line, and when the disturb-free static
random access memory cell is under a sleep mode, and
when the bit line and the reference voltage level corre-
spond to a same logic value, the word line is arranged to
not turn on the third switching circuit, the first control
signal is arranged to not turn on the first switching cir-
cuit, and the second control signal is arranged to not turn
on the second switching circuit.

16. The disturb-free static random access memory cell of

claim 15, further comprising:

a fifth switching circuit, having a first terminal coupled to
the fifth bit transferring terminal of the third switching
circuit, a second terminal coupled to the first terminal of
the fourth switching circuit, and a control terminal
coupled to the word line;

wherein when the disturb-free static random access
memory cell is under the sleep mode, the word line is
arranged to not turn on the third switching circuit and the
fifth switching circuit.
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