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SINGLE-ENDED SRAM WITH CROSS-POINT
DATA-AWARE WRITE OPERATION

CROSS-REFERENCE TO RELATED
APPLICATION

[0001] This application claims the priority benefit of Tai-
wan application serial no. 101103433, filed on Feb. 1, 2012.
The entirety of the above-mentioned patent application is
hereby incorporated by reference herein and made a part of
this specification.

BACKGROUND OF THE INVENTION

[0002] 1.Field of the Invention

[0003] The invention generally relates to a single-ended
static random access memory (single-ended SRAM), and
more particularly, to a single-ended SRAM able to cross-
point data-aware write data operated at a sub-threshold low-
voltage.

[0004] 2. Description of Related Art

[0005] The science and technology about computer today
are developing faster and faster, in which the memory tech-
nology closely related to the computer science and technol-
ogy plays a vital key role. According to whether or not the
data 1s kept or deleted after the power is off, the memory is
divided into non-volatile memory and volatile memory. For
the non-volatile memory, the data can be kept after the power
1s off, while for the volatile memory, the saved data is deleted
after the power is off. Further, the volatile memory is divided
into dynamic random access memory (DRAM) and static
random access memory (SRAM).

[0006] FIG. 1 is a schematic circuit diagram of a conven-
tional SRAM, in which a SRAM 100 includes six transistors
M1, M2, M3, M4, M5 and M6. The transistors M1, M2, M3
and M4 are coupled between a reference power Vcc and a
reference ground GND and form two inverters connected in
series to each other. The gates of the transistors M6 and M5
respectively receive a word-line signal WWL and a word-line
signals WRL, while the sources (or drains) of the transistors
M5 and M6 respectively coupled to a bit-line BWL and a
bit-line BRL.

[0007] The SRAM 100 is a single-ended writing/reading
SRAM, in which the data to be written can be written into a
data-latching unit formed by the transistors M1-M4 via the
transistor M5 through the bit-line BWL. The transistor M6
and the bit-line BRL provide the SRAM 100 with a data-
reading path.

[0008] Inthe SRAM 100, in order to smoothly conduct the
above-mentioned single-ended writing operation, the chan-
nel aspect ratio (ratio of channel width over channel length) of
the transistor M5 should be sufficient for providing enough
current driving capacity. However, such requirement
unavoidably increases the circuit area of the SRAM 100 and
leads to higher fabrication cost.

SUMMARY OF THE INVENTION

[0009]  Accordingly, the invention is directed to a single-
ended SRAM able to reduce the possibly produced leak cur-
rent of the memory cell thereof and increase the noise margin
of reading/writing data.

[0010] The invention provides a single-ended SRAM,
which includes at least one memory cell and a third switch.
The memory cell includes a data-latching unit, a first switch,
a second switch and a data-transferring unit. The data-latch-
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ing unit has a first input-terminal, a second input-terminal, a
first output-terminal and a second output-terminal. The data-
latching unit is configured for latching an input data received
by the first input-terminal or the second input-terminal, and
respectively at the first output-terminal and the second out-
put-terminal provides a storage data and the inverse data of
the storage data. The first switch receives a reference data and
is coupled to the second input-terminal, in which the first
switch makes the reference data transferred to the second
input-terminal according to a first word-line signal. The sec-
ond switch receives the reference data and is coupled to the
first input-terminal, in which the second switch makes the
reference data transferred to the first input-terminal according
to a second word-line signal. The data-transferring unit is
coupled to a bit-line and the first output-terminal and decides
whether or not to transfer the reference data to the bit-line
according to the storage data and a control signal. The third
switch receives the reference data and the control signal, is
coupled to the first switch, the second switch and the data-
transferring unit, and transfers the reference data to the first
switch, the second switch and the data-transferring unit
according to the control signal.

[0011] Based on the description above, when the memory
cell of the single-ended SRAM is going to be written by data,
the single-ended SRAM provided by the invention, by dis-
posing the third switch and by turning on the third switch, is
able to make the reference data as an input data transferred to
the first or the second input-terminal of the memory cell so as
to write the data into the memory cell. In addition, for the
memory cells unselected to be read/written, the third switches
connected by the unselected memory cells would be turned
off, so that the possible current-leaking paths are cut off.
[0012] Other objectives, features and advantages of the
present invention will be further understood from the further
technological features disclosed by the embodiments of the
present invention wherein there are shown and described
preferred embodiments of this invention, simply by way of
illustration of modes best suited to carry out the invention.

BRIEF DESCRIPTION OF THE DRAWINGS

[0013] FIG. 1 is a schematic circuit diagram of a conven-
tional single-ended SRAM.

[0014] FIG. 2 is a schematic diagram of a single-ended
SRAM according to an embodiment of the invention.

[0015] FIG. 3 is a schematic diagram of a single-ended
SRAM according to another embodiment of the invention.
[0016] FIG. 4 is a schematic diagram of a single-ended
SRAM according to yet another embodiment of the invention.

DESCRIPTION OF THE EMBODIMENTS

[0017] FIG. 2 is a schematic diagram of a single-ended
SRAM according to an embodiment of the invention. Refer-
ring to FIG. 2, a single-ended SRAM 200 includes a memory
cell 210 and a third switch 220. The memory cell 210 includes
a data-latching unit 230, a first switch 240, a second switch
250 and a data-transferring unit 260. The data-latching unit
230 has two input-terminals TI1 and T12 and two output-
terminals TO1 and TO2. The first switch 240 receives a ref-
erence data REFDATA and is coupled to the input-terminal
TI12. The second switch 250 receives the reference data REF-
DATA and is coupled to the input-terminal TT1. The data-
transferring unit 260 is coupled to a bit-line BL and the
output-terminal TO1. The third switch 220 receives the ref-
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erence data REFDATA and a control signal GWL and is
coupled to the first switch 240, the second switch 250 and the
data-transferring unit 260. Wherein, the single-ended SRAM
200 is a single-ended Sub-threshold SRAM.

[0018] When the memory cell 210 of the single-ended
SRAM 200 conducts a data-writing operation, first, the third
switch 220 is turned on through the control signal GWL and
the reference data REFDATA is transferred to the first switch
240, the second switch 250 and the data-transferring unit 260
via the third switch 220. And, the first switch 240 is turned on
through a word-line signal WL1 so as to decide whether or not
to transfer the reference data REFDATA as an input data to the
input-terminal TI2; or the second switch 250 is turned on
through a word-line signal WL2 so as to decide whether or not
to transfer the reference data REFDATA as an input data to the
input-terminal TT1. The memory cell 210 locks the input data
come from the first input-terminal TI1 or the second input-
terminal T12 and respectively at the first output-terminal TO1
and the second output-terminal TO2 thereof provides a stor-
age data and the inverse data of the storage data according to
the input data. It should be noted that during writing data on
the memory cell 210, only one of the first switch 240 and the
second switch 250 is turned on, while during latching the
input data come from the input-terminal TI1 by the memory
cell 210, the logic level of the storage data provided by the
output-terminal TO2 is the same as the input data. During
latching the input data come from the input-terminal TI1 by
the memory cell 210, the logic level of the storage data pro-
vided by the output-terminal TO1 is the same as the inverse
data of the input data.

[0019] When the memory cell 210 of the single-ended
SRAM 200 conducts a data-reading operation, first, the third
switch 220 is turned on through the control signal GWL and
the reference data REFDATA is transferred to the first switch
240, the second switch 250 and the data-transferring unit 260
via the third switch 220. And, the first switch 240 and the
second switch 250 are turned off through the word-line signal
WL1 and a word-line signal WL2 so that the reference data
REFDATA would not be transferred to the data-latching unit
230 via the first switch 240 or the second switch 250. That is
to say, when the memory cell 210 conducts a data-reading
operation, the storage data saved in the data-latching unit 230
would not be revised. Meanwhile, the memory cell 210 pro-
vides the storage data to the data-transferring unit 260
through the output-terminal TO1, and the data-transferring
unit 260 would decide whether or not to transfer the reference
data REFDATA to the bit-line BL, according to the received
control signal GWL and the storage data.

[0020] Intheembodiment, the reference data REFDATA is,
for example, equal to a reference grounding voltage on the
reference ground GND. When the data-transferring unit 260
decides to transfer the reference data REFDATA (reference
grounding voltage) to the bit-line BL, the read data from the
memory cell 210 is equal to the logic signal “0”. On the
contrary, when the data-transferring unit 260 decides not to
transfer the reference data REFDATA to the bit-line BL, the
logic level on the bit-line BL would keep the logic high-level
voltage which is presented during a pre-charge operation
occurred prior to conducting a data-reading operation by the
memory cell 210; i.e., the read out data from the memory cell
210 at the time is equal to the logic signal “1”.

[0021] FIG. 3 is a schematic diagram of a single-ended
SRAM according to another embodiment of the invention. In
the embodiment of FIG. 3, a data-latching unit 330 includes
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four transistors M21, M22, M23 and M24. The first terminal
(for example, source) of the transistor M21 receives a refer-
ence power Vcc, the second terminal (for example, drain) of
the transistor M21 is coupled to the output-terminal TO1 and
the control terminal (for example, gate) of the transistor M21
is coupled to the input-terminal TI1. The first terminal (for
example, drain) ofthe transistor M22 is coupled to the output-
terminal TO1, the second terminal (for example, source) of
the transistor M22 is coupled to the reference ground GND
and the control terminal (for example, gate) of the transistor
M22 is coupled to the input-terminal TI1. The first terminal
(for example, source) of the transistor M23 receives the ref-
erence power Ve, the second terminal (for example, drain) of
the transistor M23 is coupled to the output-terminal TO2 and
the control terminal (for example, gate) of the transistor M23
is coupled to the input-terminal TI2. The first terminal (for
example, drain) of the transistor M24 is coupled to a second
output-terminal TO2, the second terminal (for example,
source) of the transistor M24 is coupled to the reference
ground GND and the control terminal (for example, gate) of
the transistor M24 is coupled to the input-terminal T12. In the
embodiment, the transistors M21 and M23 are P-type tran-
sistors and the transistors M22 and M24 are N-type transis-
tors.

[0022] A data-transferring unit 360 includes two transistors
M25 and M26. The control terminal (for example, gate) of the
transistor M25 is coupled to the output-terminal TO1 to
receive the storage data. The second terminal (for example,
source) of the transistor M25 is coupled to the third switch
220. The first terminal (for example, source) of the transistor
M26 is coupled to the first terminal (for example, drain) of the
transistor M25, the second terminal (for example, drain) of
the transistor M26 is coupled to the bit-line BL and the control
terminal (for example, gate) of the transistor M26 receives the
control signal GWL.

[0023] Inthe embodiment, the first switch 340 is a transis-
tor M27, the first terminal (for example, source) of the tran-
sistor M27 receives the reference data REFDATA, the second
terminal (for example, drain) of the transistor M27 is coupled
to input-terminal TI1 and the control terminal (for example,
gate) of the transistor M27 receives the word-line signal
WL1. The second switch 350 is a transistor M28, the first
terminal (for example, source) of the transistor M28 receives
the reference data REFDATA, the second terminal (for
example, drain) of the transistor M28 is coupled to input-
terminal TI2 and the control terminal (for example, gate) of
the transistor M28 receives the word-line signal WL2.
[0024] Inaddition, the third switch 320 is a transistor M29,
the first terminal (for example, source) of the transistor M29
receives the reference data REFDATA, the second terminal
(for example, drain) of the transistor M29 is coupled to the
first switch 340 and the second switch 350 and the data-
transferring unit 360, and the control terminal (for example,
gate) of the transistor M29 receives the control signal GWL.
[0025] Intheembodiment, the voltage level of the reference
data REFDATA can be equal to the voltage level on the
reference ground GND and when the third switch 320 is
turned off, the connection lines between the transistor M29
and the transistor M27, the transistor M28 and the transistor
M25 are in virtual-grounding state.

[0026] When conducting a writing operation of the data
corresponding to a logic signal “1” on the memory cell 310 of
the single-ended SRAM 300, first, the voltage level of the
control signal GWL coupled to the gate of the transistor M29
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is given as a logic high-level voltage so as to turn on the
transistor M29 and the voltage level on the word-line signal
WL coupled to the gate of the transistor M27 is given as a
logic high-level voltage so as to turn on the transistor M27. In
this way, the reference ground GND coupled to the source of
the transistor M29 would pull down the voltage level of the
drain of the transistor M27 and the voltage levels of the
input-terminal TI2 and the gate of the transistor M23. Since
the transistor M23 is a P-type transistor, the transistor M23
would be turned on. As a result, the reference power Vce
would charge the output-terminal TO2 through the transistor
M23 to make the voltage level thereof a logic high-level
voltage. At the time, the voltage level on the word-line signal
WL2 coupled to the gate of the transistor M28 is equal to the
reference grounding voltage on the reference ground GND to
turn off the transistor M28 so as to maintain the voltage level
of the output-terminal TO2. Meanwhile, the voltage level of
the output-terminal TO1 is equal to the reference grounding
voltage on the reference ground GND.

[0027] When conducting a writing operation of the data
corresponding to a logic signal “0” on the memory cell 310 of
the single-ended SRAM 300, first, the voltage level of the
control signal GWL coupled to the gate of the transistor M29
is given as a logic high-level voltage so as to turn on the
transistor M29 and the voltage level on the word-line signal
WL coupled to the gate of the transistor M28 is given as a
logic high-level voltage so as to turn on the transistor M28. In
this way, the reference ground GND coupled to the source of
the transistor M29 would pull down the voltage level of the
drain of the transistor M28 and the voltage levels of the
input-terminal T11 and the gate of the transistor M21. As a
result, the reference power Vce would charge the output-
terminal TO1 through the turned-on transistor M21 to make
the voltage level thereof a logic high-level voltage. In the
same way, the voltage level on the word-line signal WL1
coupled to the gate of the transistor M27 is equal to the
reference grounding voltage on the reference ground GND to
turn off the transistor M27 at the time so as to maintain the
voltage level of the output-terminal TO1. Meanwhile, the
voltage level of the output-terminal TO2 is equal to the ref-
erence grounding voltage on the reference ground GND.

[0028] Prior to conducting a reading operation on the
memory cell 310 of the single-ended SRAM 300, the bit-line
BL is pre-charged to make the voltage level thereof a logic
high-level voltage. After finishing the reading operation, if
the voltage level on the bit-line BL is still the logic high-level
voltage, it can be easily judged that the data read from the
memory cell 310 is equal to the logic signal “1”. After finish-
ing the reading operation, if the voltage level on the bit-line
BL is alogic low-level voltage, it can be easily judged that the
data read from the memory cell 310 is equal to the logic signal
“0”.

[0029] When conducting a reading operation on the
memory cell 310 of the single-ended SRAM 300, first, the
voltage level of the control signal GWL coupled to the gates
of the transistors M29 and M26 is given as a logic high-level
voltage so as to turn on the transistors M29 and M26; the
voltage levels on the word-line signals WL1 and WL2 respec-
tively coupled to the gates of the transistors M27 and M28 are
given equal to the reference grounding voltage on the refer-
ence ground GND so as to turn off the transistors M27 and
M28, which functions to prevent the charges stored in the
memory cell 310 from being lost from the transistor M27 or
M28.
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[0030] Ifthe voltage level of the output-terminal TO2 is the
logic high-level voltage and the voltage level of the output-
terminal TO1 is equal to the reference grounding voltage on
the reference ground GND, due to the coupling between the
gate of the transistors M25 and the output-terminal TO1, the
transistors M25 is turned off. At the time, the charges on the
bit-line BL are unable to be transferred to the reference
ground GND via the transistor M25, so that the voltage level
of the bit-line BL is kept on the logic high-level voltage and
the data read from the memory cell 310 should be equal to the
logic signal “1”.

[0031] If the voltage level of the output-terminal TO2 is
equal to the reference grounding voltage on the reference
ground GND and the voltage level of the output-terminal TO1
is the logic high-level voltage, due to the coupling between
the gate of the transistors M25 and the output-terminal TO1,
the transistors M25 is turned on. At the time, the transistor
M26 is in turned-on state as well, so that the charges on the
bit-line BL are able to flow to the reference ground GND via
the path formed by the turned-on transistors M25, M26, M29
so that the voltage level of the bit-line BL is lower down to the
logic low-level voltage and the data read from the memory
cell 310 should be equal to the logic signal “0”.

[0032] Since the transistors M29, M25 and M26 are
coupled in serial, a leakage current on the bit-line BL. can be
reduced, such as that a read ability of the single-ended SRAM
300 is increased.

[0033] FIG. 4 is a schematic diagram of a single-ended
SRAM according to yet another embodiment of the invention.
A single-ended SRAM 400 in F1G. 4 has at least four memory
cells 410, 510, 610 and 710. The internal circuit architecture
of the memory cells is the same as the memory cell 310 in the
embodiment of FIG. 3. The bit-line BL1 is coupled to the
memory cells 410 and 510, while the bit-line BL2 is coupled
to the memory cells 610 and 710. The word-line signals WL3
and WL4 are respectively coupled to the memory cells 410
and 510, while the word-line signals WL5 and WL6 are
respectively coupled to the memory cells 610 and 710.
[0034] One terminal of the third switch 420 is coupled to
the memory cells 410 and 610 and the other terminal of the
third switch 420 is connected to the reference ground GND.
The control signal GWL1 controls the third switch 420 for
turning on it. When conducting a writing operation of data on
the memory cell410 or 610, the control signal GWL1 turns on
the third switch 420 to make the memory cell 410 or 610
discharge onto the reference ground GND to finish the writing
operation. When conducting a reading operation of data on
the memory cell 410 or 610, the control signal GWL1 turns on
the third switch 420, so that it is decided according to the data
stored in the memory cell 410 or 610 whether or not the
bit-line BL.1 or BL.2 discharge onto the reference ground
GND to finish the reading operation. If the memory cells 410
and 610 are not selected for the reading/writing operation, the
control signal GWLI turns off the third switch 420 to cut off
the connection paths between the memory cells 410 and 610
and the reference ground GND. At the time, one terminal of
the third switch 520 is coupled to the memory cells 510 and
710 and the other terminal of the third switch 520 is connected
to the reference ground GND. The control signal GWL2
controls the third switch 520 for turning on it. The function of
the third switch 520 on the memory cells 510 and 710 is the
same as the third switch 420.

[0035] When conducting a writing operation on the
memory cell 410 only, the control signal GWL1 turns on the
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third switch 420 and the voltage level of the word-line signal
WL3 or WL4 is the logic high-level voltage. Since the
memory cells 410 and 510 share the word-line signals WL3
and WL4, the data stored in the memory cell 510 may be
changed. At the time, the control signal GW1.2 is used to turn
off the third switch 520 so that the connection path between
the memory cell 510 and the reference ground GND is cut off.
As aresult, the possible current-leaking of the bit-line of the
memory cell 510 is reduced.

[0036] In summary, when the memory cell of the single-
ended SRAM is going to be written by data, the single-ended
SRAM provided by the invention can turn on the third switch
to provide a discharge path for the memory cell so as to write
the data into the memory cell. When a memory cell is not
selected for reading/writing operation, the third switches is
turned off to cut off the current-leaking path of the unselected
memory cell. In short, the invention can suppress the current-
leaking of the bit-line of the single-ended SRAM. Further-
more, a read static noise margin of the single-ended SRAM
provided by the invention can be improved.

[0037] Tt will be apparent to those skilled in the art that the
descriptions above are several preferred embodiments of the
invention only, which does not limit the implementing range
of the invention. Various modifications and variations can be
made to the structure of the invention without departing from
the scope or spirit of the invention. The claim scope of the
invention is defined by the claims hereinafier.

What is claimed is:

1. A single-ended static random access memory, compris-
ing:

at least one memory cell, comprising:

a data-latching unit, having a first input-terminal, a sec-
ond input-terminal, a first output-terminal and a sec-
ond output-terminal, latching an input data received
by the first input-terminal or the second input-termi-
nal, and providing a storage data and the inverse data
of the storage data at the first output-terminal and the
second output-terminal respectively;

a first switch, receiving a reference data and the first
switch coupled to the second input-terminal, wherein
the first switch makes the reference data transferred to
the second input-terminal according to a first word-
line signal;

a second switch, receiving the reference data and the
second switch coupled to the first input-terminal,
wherein the second switch makes the reference data
transferred to the first input-terminal according to a
second word-line signal; and

a data-transferring unit, coupled to a bit-line and the first
output-terminal and the data-transferring unit decid-
ing whether to transfer the reference data to the bit-
line or not according to the storage data and a control
signal; and

a third switch, receiving the reference data and the control

signal, the third switch coupled to the first switch, the
second switch and the data-transferring unit, and trans-
ferring the reference data to the first switch, the second
switch and the data-transferring unit according to the
control signal.

2. The memory cell of the single-ended static random
access memory as claimed in claim 1, wherein the data-
latching unit comptises:

a first transistor, having a first terminal, a second terminal

and a control terminal, wherein the first terminal
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receives a reference power, the second terminal is
coupled to the first output-terminal and the control ter-
minal is coupled to the first input-terminal;

a second transistor, having a first terminal, a second termi-
nal and a control terminal, wherein the first terminal is
coupled to the first output-terminal, the second terminal
is coupled to a reference ground and the control terminal
is coupled to the first input-terminal;

a third transistor, having a first terminal, a second terminal
and a control terminal, wherein the first terminal
receives a reference power, the second terminal is
coupled to the first output-terminal and the control ter-
minal is coupled to the first input-terminal;

a fourth transistor, having a first terminal, a second termi-
nal and a control terminal, wherein the first terminal is
coupled to the first output-terminal, the second terminal
is coupled to a reference ground and the control terminal
is coupled to the first input-terminal,

wherein the first output-terminal is coupled to the second
input-terminal and the second output-terminal is
coupled to the first input-terminal

3. The memory cell of the single-ended static random
access memory as claimed in claim 2, wherein the first tran-
sistor and the third transistor are P-type transistors and the
second transistor and the fourth transistor are N-type transis-
tors.

4. The memory cell of the single-ended static random
access memory as claimed in claim 1, wherein the data-
transferring unit comprises:

a fifth transistor, having a first terminal, a second terminal
and a control terminal, wherein the control terminal is
coupled to the first output-terminal to receive the storage
data and the second terminal is coupled to the third
switch; and

a sixth transistor, having a first terminal, a second terminal
and a control terminal, wherein the first terminal is
coupled to the first terminal of the fifth transistor, the
second terminal of the sixth transistor is coupled to the
bit-line and the control terminal of the sixth transistor
receives the control signal.

5. The memory cell of the single-ended static random
access memory as claimed in claim 1, wherein the first switch
is a seventh transistor, the seventh transistor has a first termi-
nal, a second terminal and a control terminal, wherein the first
terminal receives the reference data, the second terminal is
coupled to the second input-terminal and the control terminal
receives the first word-line signal.

6. The memory cell of the single-ended static random
access memory as claimed in claim 1, wherein the second
switch is an eighth transistor, the eighth transistor has a first
terminal, a second terminal and a control terminal, wherein
the first terminal of the eighth transistor receives the reference
data, the second terminal is coupled to the first input-terminal
and the control terminal receives the second word-line signal.

7. The memory cell of the single-ended static random
access memory as claimed in claim 1, wherein the third
switch is a ninth transistor, the ninth transistor has a first
terminal, a second terminal and a control terminal, wherein
the first terminal of the ninth transistor receives the reference
data, the second terminal is coupled to the first switch. the
second switch and the data-transferring unit, and the control
terminal receives the control signal.

8. The memory cell of the single-ended static random
access memory as claimed in claim 1, wherein during writing
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data on the memory cell, the first switch or the second switch
1s turned on, and the third switch is turned on according to the
control signal.

9. The memory cell of the single-ended static random
access memory as claimed in claim 1, wherein during reading
data on the memory cell, the first switch and the second
switch are turned off, and the third switch is turned on accord-
ing to the control signal.

10. The memory cell of the single-ended static random
access memory as claimed in claim 1, wherein the voltage
level of the reference data is equal to the voltage level of a
reference ground.
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