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ASYMMETRIC VIRTUAL-GROUND
SINGLE-ENDED SRAM AND SYSTEM
THEREOF

BACKGROUND OF THE INVENTION

[0001] 1. Field of the Invention

[0002] The present invention relates to a SRAM structure,
particularly to an asymmetric virtual-ground single-ended
SRAM and a system thereof, wherein WSNM 1is increased
without affecting the threshold voltage and turn-on voltage.

[0003] 2. Description of the Related Art

[0004] The capacity of a memory has been greatly
increased with the advance of the semiconductor technology.
To achieve low voltage, low power consumption, small vol-
ume and high speed, SRAM (Static Random Access
Memory) usually adopts a single bit line design to write and
read. However, the single bit line design has the problems of
writing “1” error and large power consumption.

[0005] Referto FIG. 1(a) a diagram schematically showing
the circuit architecture of a conventional common-ground
single-ended SRAM cell. When “0” is to be written into the
common-ground single-ended SRAM cell 50 from a bit line
54, a write word line 58 controls an access transistor 52 to
offer strong pull-down strength to a pull-down transistor 56 to
complete writing “0”. In the low-voltage design, the Q point
suffers threshold voltage loss through the pull-down transis-
tor 56. The Q point potential is further weakened by the
voltage dividing effect between the access transistor 52 and
the pull-down transistor 56. Thus, writing “1” into the SRAM
cell 50 from the bit line 54 is likely to fail because of the
abnormal Q point potential. Besides, the common-ground
single-ended SRAM cell 50 has greater power consumption
because the incomplete turn-off in the state change of the
inverter causes greater static current.

[0006] To solve the abovementioned problems, a virtual
ground design is used to prevent from signal attenuation and
greater static current. Refer to FIG. 1(3) a diagram schemati-
cally showing the circuit architecture of a conventional com-
mon virtual-ground single-ended SRAM cell. The common
virtual-ground single-ended SRAM cell 60 is different from
the common-ground single-ended SRAM cell 50 of FIG. 1(b)
in that a virtual ground VGND is used to cut off the path of
direct current and reduce power consumption. Further, the
voltage dividing effect between the access transistor 62 and
the pull-down transistor 66 is reduced when the write word
line 68 controls the access transistor 62 to turn on and write
“1” of the bit line 64. However, the virtual ground VGND
reduces the voltage V¢ across the gate and source of the
n-type transistor of the left inverter. Besides, the body effect
impairs the writing operation of the SRAM cell 60 because
the body effect increases the threshold voltage and turn-on
voltage of the left inverter.

[0007] Accordingly, the present invention proposes an
asymmetric virtual-ground single-ended SRAM and a system
thereof to overcome the abovementioned problems, wherein
an asymmetric virtual-ground design is used to increase the
write/read speed of SRAM, decrease power consumption and
achieve a better SNM (Static Noise Margin).

SUMMARY OF THE INVENTION

[0008] The primary objective of the present invention is to
provide an asymmetric virtual-ground single-ended SRAM
and a system thereof, wherein asymmetric virtual ground is
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used to improve signal weakening when “1” is written into a
single-ended SRAM, whereby the single-ended SRAM can
apply to a lower-voltage environment and achieve a better
WSNM (Write Static Noise Margin).

[0009]  Another objective of the present invention is to pro-
vide anasymmetric virtual-ground single-ended SRAM and a
system thereof, wherein the threshold voltage does not
increase with the body effect, whereby the turn-on voltage of
the inverter set of the latch loop doses not increase, and
whereby the single-ended SRAM can achieve a fast write/
read speed.

[0010] A further objective of the present invention is to
provide an asymmetric virtual-ground single-ended SRAM
and a system thereof, wherein leakage current is effectively
reduced when the inverter set of the latch loop is switching,
whereby the power consumption of the single-ended SRAM
is greatly reduced.

[0011] To achieve the abovementioned objectives, the
present invention proposes an asymmetric virtual-ground
single-ended SRAM, which comprises a first inverter, a sec-
ond inverter, a third inverter, an access transistor and a pass
transistor. The first inverter and the second inverter are elec-
trically connected crosswise to form a latch loop. The first
inverter is coupled to a high potential and a virtval ground.
The second inverter is coupled to the high potential and a
ground. The third inverter is coupled to the high potential and
the ground and electrically connected with the second
inverter. The access transistor and the pass transistor are
respectively electrically connected with the first inverter and
the third inverter. A write word line controls the access tran-
sistor to perform a writing activity to transfer a signal from a
bit line to the latch loop. A read word line controls the pass
transistor to perform a reading activity to transfer a signal to
the bit line from the latch loop.

[0012] The present invention further proposes an asymmet-
ric virtual-ground single-ended SRAM system, which com-
prises a plurality of asymmetric virtual-ground single-ended
SRAMs, at least one bit line, at least one write word line and
at least one read word line. Each asymmetric virtual-ground
single-ended SRAM is electrically connected with at least
one virtual ground. At least one bit line is electrically con-
nected with the asymmetric virtual-ground single-ended
SRAMs. The plurality of asymmetric virtual-ground single-
ended SRAMs is controlled by at least one write word line to
transfer signals from the bit lines to the asymmetric virtual-
ground single-ended SRAMs. The plurality of asymmetric
virtual-ground single-ended SRAMs is also controlled by at
least one read word line to transfer signals to the bit lines from
the asymmetric virtual-ground single-ended SRAMs.

[0013] Below, the embodiments are described in detail in
cooperation with the attached drawings to make easily under-
stood the objectives, technical contents, characteristics and
accomplishments of the present invention.

BRIEF DESCRIPTION OF THE DRAWINGS

[0014] FIG. 1(a) is a diagram schematically showing the
circuit architecture of a conventional common-ground single-
ended SRAM cell;

[0015] FIG. 1(b) is a diagram schematically showing the
circuit architecture of a conventional common virtual-ground
single-ended SRAM cell;

[0016] FIG. 2 is a diagram schematically showing the cir-
cuit architecture of an asymmetric virtual-ground single-
ended SRAM according to the present invention;
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[0017] FIG. 3 is a diagram showing the voltage transfer
curves of a conventional single-ended SRAM and an asym-
metric virtual-ground single-ended SRAM of the present
invention;

[0018] FIG. 4 is a diagram schematically showing the cir-
cuit architecture of an asymmetric virtual-ground single-
ended SRAM system according to the present invention; and
[0019] FIG. 5 is a diagram schematically showing the cir-
cuit architecture of a positive feedback sensing keeper of an
asymmetric virtual-ground single-ended SRAM according to
the present invention.

DETAILED DESCRIPTION OF THE INVENTION

[0020] The present invention proposes an asymmetric vir-
tual-ground single-ended SRAM and a system thereof,
wherein asymmetric virtual ground is used to improve signal
weakening without affecting the threshold voltage and turn-
on voltage when “1” is written into a single-ended SRAM,
whereby the power consumption of the single-ended SRAM
is effectively reduced, and whereby the write/read speed of
SRAM is greatly increased. Below, the embodiments are
described in detail to demonstrate the technical contents of
the present invention.

[0021] Refer to FIG. 2 a diagram schematically showing
the circuit architecture of an asymmetric virtual-ground
single-ended SRAM according to the present invention. The
asymmetric virtual-ground single-ended SRAM 10 of the
present invention comprises a first inverter 14, a second
inverter 16, a third inverter 18, a pass transistor 20 and an
access transistor 22, wherein a write word line 30, aread word
line32 and a bitline 36 are respectively electrically connected
with the pass transistor 20 and the access transistor 22.
[0022] The firstinverter 14 includes a first p-type transistor
141 and a first n-type transistor 142. The gate of the first
p-typetransistor 141 is electrically connected with the gate of
the first n-type transistor 142. The drain of the first p-type
transistor 141 is electrically connected with the drain of the
n-type transistor 142 with the joint node being a Q point. The
access transistor 22 is electrically connected with the Q point.
The source of the first p-type transistor 141 is coupled to a
high potential VDD. The source of the first n-type transistor
142 is coupled to a virtual ground VGND.

[0023] The second inverter 16 includes a second p-type
transistor 161 and a second n-type transistor 162. The gate of
the second p-typetransistor 161 is electrically connected with
the gate of the second n-type transistor 162. The gates of the
second p-type and n-type transistors 161 and 162 are electri-
cally connected with the Q point. The drain of the second
p-type transistor 161 is electrically connected with the drain
of the second n-type transistor 162 with the joint point being
aQ,,point. The Q, , point is electrically connected with the
gates of the first p-type and n-type transistors 141 and 142,
whereby the first and second inverters 14 and 16 form a latch
loop 12. The source of the second p-type transistor 161 is
coupled to the high potential VDD. The source of the second
n-type transistor 162 is coupled to a ground.

[0024] The third inverter 18 includes a third p-type transis-
tor 181 and a third n-type transistor 182. The drain of the third
p-type transistor 181 is electrically connected with the drain
of the third n-type transistor 182. The drains of the third
p-type and n-type transistors 181 and 182 are electrically
connected with the pass transistor 20. The gate of the third
p-type transistor 181 is electrically connected with the gate of
the n-type transistor 182. The gates of the third p-type and
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n-type transistors 181 and 182 are electrically connected with
the drains of the second p-type and n-type transistors 161 and
162. The source of the third p-type transistor 181 is coupled to
the high potential VDD. The source of the third n-type tran-
sistor 182 is coupled to the ground.

[0025] Above has been described the circuit architecture of
the asymmetric virtual-ground single-ended SRAM of the
presentinvention, wherein only the first inverter 14 is coupled
to the virtual ground VGND with the second and third invert-
ers 16 and 18 remaining coupled to the ground. Below will be
described the response in the case that only the first inverter
14 is coupled to the virtual ground VGND.

[0026] To improve the problem that the signal “1” is weak-
ened when the signal “1”is written into a single-ended SRAM
and the problem that the threshold voltage and turn-on volt-
age of the second inverter are increased, the first inverter 14 is
coupled to the virtual ground VGND floatingly when the
signal “1” of the bit line is written into the single-ended
SRAM. However, the first inverter 14 is still coupled to the
ground in other cases. When the signal “1” is to be written into
the single-ended SRAM, the write word line 30 controls the
access transistor 22 to turn on in order to write the signal “1”
into the single-ended SRAM. At this time is reduced the
signal weakening caused by the voltage dividing effect of the
first n-type transistor 142 and the access transistor 22 because
only the source of the first n-type transistor 142 of the first
inverter 14 is coupled to the virtual ground VGND. Mean-
while, the turn-on voltage of the second inverter 16 does not
increase because the body effect does not increase the thresh-
old voltage of the n-type transistor 162 of the second inverter
16. In other words, asymmetric virtual ground VGND can
eliminate signal “1” weakening at the Q point without
increasing the threshold voltage of the second inverter 16.
[0027] When the signal “0” is to be written into the single-
ended SRAM, the write word line 30 controls the access
transistor 22 to turn on in order to write the signal “0” into the
single-ended SRAM. The signal “0” pulls down the Q point to
change the storage state of the Q,,, point of the second
inverter 16. The latch loop 12 is shut off because the source of
the first n-type transistor 142 of the first inverter 14 is coupled
to the virtual ground VGND, but the operation of writing “0”
1s not affected by it. Shifting the virtual ground VGND to the
ground will further favor the operation of writing “0”.
[0028] RefertoFIG.3 a diagram showing the voltage trans-
fer curves of a conventional single-ended SRAM and an
asymmetric virtual-ground single-ended SRAM of the
present invention. As the source of the first n-type transistor
142 is coupled to the virtual ground VGND floatingly, the
voltage transfer curve of the first inverter 14 is a straight line
at the high potential VDD. It means: Although the supply
voltage is very low (0.6V), the asymmetric virtual ground can
increase the WSNM (Write Static Noise Margin) in writing
“1”. Thus is greatly increased the range of noise tolerance.
[0029] Above has been described the response in the case
that the asymmetric virtual-ground single-ended SRAM 10 is
coupled to the virtual ground VGND. Below will be described
a system containing a plurality of asymmetric virtual-ground
single-ended SRAMs 10.

[0030] Referto FIG.4, and refer to F1G. 2 again. A plurality
of asymmetric virtual-ground single-ended SRAMs 10 is
respectively electrically connected with the write word lines
30, the read word lines 32, the virtual ground VGND and the
bitlines 36. The write word lines 30 enable the writing activi-
ties to transfer signals from the bit lines 36 to the asymmetric
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virtual-ground single-ended SRAMSs 10. The read word lines
32 enable the reading activities to transfer signals to the bit
lines 36 from the asymmetric virtual-ground single-ended
SRAM;s 10.

[0031] The virtual ground VGND is controlled by a virtual-
ground control unit 40. The virtual-ground control unit 40 is
electrically connected with said virtual ground utilizing a
row-based connection, a column-based connection or a
block-based connection. Thereby, the virtual-ground control
unit 40 controls the asymmetric virtual-ground single-ended
SRAM 10 to floatingly connect with the virtual ground
VGND when a signal is written into the asymmetric virtual-
ground single-ended SRAM 10, and controls the asymmetric
virtual-ground single-ended SRAM 10 to connect with the
ground when a non-writing activity is undertaken.

[0032] While the read word line 32 controls an activity of
reading a signal “1” from the asymmetric virtual-ground
single-ended SRAM 10, the third inverter 18 charges the bit
line 36. The charging path is controlled by the pass transistor
20. Thus, the read signal “1” is weakened, and the missing
rate of reading “1” is increased. Therefore, a positive feed-
back sensing keeper 42 is arranged in the memory system and
electrically connected with the bit lines 36 to maintain the
read signal “1” at a high potential, improve the problem of
signal weakening, increase reading speed, and decrease
power consumption caused by current leakage. Below isto be
described the circuit architecture of the positive feedback
sensing keeper 42.

[0033] Refer to FIG. 5 a diagram schematically showing
the circuit architecture of a positive feedback sensing keeper
of an asymmetric virtual-ground single-ended SRAM
according to the present invention. The positive feedback
sensing keeper 42 further comprises an enable transistor 421,
a first switch transistor 422, a second switch transistor 423, an
inverter 424 and a reading buffer 425. When the enable signal
is “17, the first switch transistor 422 is turned on, and the
inverter 424 transfers the signal “1” to turn off the second
switch transistor 423. In such a case, the bit line 36 is not
affected. When a signal is read from the asymmetric virtual-
ground single-ended SRAM 10, the enable signal is “0” and
turns on the enable transistor 421 to sense the signal of the bit
line 36. When the signal “0” stored in the bit line 36 is read,
the inverter 424 turns off the second switch transistor 423.
Thus, the positive feedback sensing keeper 42 would not pull
down the signal of the bit line 36. When the signal stored in
the bit line 36 is “1”, the inverter 424 turns on the second
switch transistor 423, and the second switch transistor 423
pulls up the signal “1” of the bit line 36 to a level satisfying the
standard of a high potential. The signal “0” or “1” read from
the asymmetric virtual-ground single-ended SRAM 10 is
stored in the bit line 36 and output by the reading buffer 425.
[0034] From the above description, it is known that the
asymmetric virtual ground design of the present invention can
effectively solve the bottleneck of the conventional technol-
ogy, whereby the single-ended SRAM can operate at a lower
voltage, having advantages of better SNM, lower power con-
sumption and higher read/write speed. Therefore, the present
invention can apply to system chip designs and integrate with
various electronic devices.

[0035] Theembodiments described above are only to dem-
onstrate the technical contents and characteristics of the
present invention to enable the persons skilled in the art to
understand, make, and use the present invention. However, it
is not intended to limit the scope of the present invention. Any
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equivalent modification or variation according to the spirit of
the present invention is to be also included within the scope of
the present invention.

What is claimed is:

1. An asymmetric virtual-ground single-ended static ran-
dom access memory comprising

a first inverter coupled to a high potential and a virtual
ground;

a second inverter crosswise electrically connected with
said first inverter to form a latch loop and coupled to said
high potential and a ground;

a third inverter electrically connected with said second
inverter and coupled to said high potential and said
ground;

an access transistor electrically connected with said first
inverter, a write word line and a bit line, wherein said
write word line controls said access transistor to perform
a writing activity to transfer a signal from said bit line to
said latch loop; and

a pass transistor electrically connected with said third
inverter, a read word line and said bit line, wherein said
read word line controls said pass transistor to perform a
reading activity to transfer a signal from said latch loop
to said bit line.

2. The asymmetric virtual-ground single-ended static ran-
dom access memory according to claim 1, wherein said first
inverter further comprises

a first p-type transistor, wherein a source of said first p-type
transistor is coupled to said high potential; and

a first n-type transistor, wherein a gate of said first n-type
transistor is electrically connected with a gate of said
first p-type transistor, and wherein a drain of said first
n-type transistor is electrically connected with a drain of
said first p-type transistor and said access transistor, and
wherein a source of said first n-type transistor is coupled
to said virtual ground.

3. The asymmetric virtual-ground single-ended static ran-
dom access memory according to claim 2, wherein said sec-
ond inverter further comprises

a second p-type transistor, wherein a source of said second
p-type transistor is coupled to said high potential; and

a second n-type transistor, wherein a gate of said second
n-type transistor is electrically connected with a gate of
said second p-type transistor, said drain of said first
n-type transistor and said drain of said first p-type tran-
sistor, and wherein a drain of said second n-type transis-
tor is electrically connected with a drain of said second
p-type transistor, said gate of said first n-type transistor
and said gate of said first p-type transistor, and wherein
a source of said second n-type transistor is coupled to
said ground.

4. The asymmetric virtual-ground single-ended static ran-
dom access memory according to claim 3, wherein said third
inverter further comprises

a third p-type transistor, wherein a source of said third
p-type transistor is coupled to said high potential; and

athird n-type transistor, wherein a drain of said third n-type
transistor is electrically connected a drain of said third
p-type transistor and said pass transistor, and wherein a
gate of said third n-type transistor is electrically con-
nected with a gate of said third p-type transistor, said
drain of said second n-type transistor and said drain of
said second p-type transistor, and wherein a source of
said third n-type transistor is coupled to said ground.
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5. An asymmetric virtual-ground single-ended static ran-
dom access memory system comprising

a plurality of asymmetric virtual-ground single-ended
static random access memories each electrically con-
nected with at least one virtual ground,;

at least one bit line electrically connected with said asym-
metric virtual-ground single-ended static random access
memories;

atleast one write word line electrically connected with said
asymmetric virtual-ground single-ended static random
access memories, and enabling a writing activity to
transfer a signal from said bit line to one said asymmetric
virtual-ground single-ended static random access
memory; and

at least one read word line electrically connected with said
asymmetric virtual-ground single-ended static random
access memories, and enabling a reading activity to
transfer a signal to said bit line from one said asymmetric
virtual-ground single-ended static random access
memory.
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6. The asymmetric virtual-ground single-ended static ran-
dom access memory system according to claim 5 further
comprising at least one virtual-ground control unit electri-
cally connected with said virtual ground and enabling a float-
ing connection with said virtual ground.

7. The asymmetric virtual-ground single-ended static ran-
dom access memory system according to claim 6 wherein
said virtual-ground control unit electrically connected with
said virtual ground utilizing a row-based connection, a col-
umn-based connection or a block-based connection.

8. The asymmetric virtual-ground single-ended static ran-
dom access memory system according to claim 5 further
comprising at least one positive feedback sensing keeper
electrically connected with said bit line and maintaining a
read signal at a high potential.

9. The asymmetric virtual-ground single-ended static ran-
dom access memory system according to claim 5, wherein
said asymmetric virtual-ground single-ended static random
access memories are coupled to a high potential and a ground.
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