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DUAL-PORT SUBTHRESHOLD SRAM CELL

CROSS-REFERENCES TO RELATED
APPLICATIONS

[0001] This application claims under 35 U.S.C. §119(a) the
benefit of Taiwanese Application No. 100119160, filed Jun. 1,
2011, the entire contents of which is incorporated herein by
reference.

BACKGROUND OF THE INVENTION

[0002] 1.Field of the Invention

[0003] The present invention relates to dual-port static ran-
dom access memories (SRAMs), and, more particularly, to a
dual-port subthreshold SRAM for operation in a first-in first-
out (FIFO) memory system.

[0004] 2. Description of Related Art

[0005] In the semiconductor industry, a single chip system
has been developed with a miniaturized size. Particularly, in
the biomedical electronic industry, an embedded memory is
part of a single chip system, and a static random access
memory (SRAM) is widely used for storing and transmitting
data.

[0006] Foran integrated circuit (IC) design in the biomedi-
cal electronic industry, fast operation speed is not essential,
but long operation without consuming much power is critical.
Ultra-low power consumption is achieved by subthreshold
operation voltage. However, it needs to consider process
variation, voltage variation and temperature variation in a
nanometer process. Further, the conventional SRAM has
severe diminished the static noise margin (SNM), which
adversely affects minor signals.

[0007] Therefore, more stable and reliable SRAMs are
required for the modern integrated circuits, such that dual-
port SRAMs are developed. Referring to FIG. 1, a conven-
tional dual-port SRAM is provided. As shown in FIG. 1, a
dual-port SRAM 100 includes cross-coupled inverters 102,
104, a pair of write transistors 108, 112, and a pair of read
transistors 106,110. The cross-coupled inverters 102, 104 are
disposed as amemory component at an intermediate region of
the dual-port SRAM 100. The write transistor 108 is con-
nected between a write bit line 118 and the memory compo-
nent via a source/drain of the write transistor 108, and the
write transistor 112 is connected between the memory com-
ponent and a write bit line 120 via a source/drain thereof. The
read transistor 106 is connected between the memory com-
ponent and a read bit line 122 via a source/drain thereof, and
the read transistor 110 is connected between the memory
component and a read bit line 124 via a source/drain thereof.

[0008] However, the SNM becomes smaller due to the
diminished signal and the process variation of the dual-port
SRAM 100, such that the dual-port SRAM cannot operate at
the subthreshold region. In addition, due to the miniaturiza-
tion of nano-technology and voltage power, the write margin
of the dual-port SRAM 100 becomes smaller, and thus addi-
tional control circuits are needed for enhancing writing capa-
bility. Due to consuming power and increasing the chip area,
the additional control circuits are not suitable for FIFO
memory systems, which are in long operation.
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[0009] Accordingly, itis an urgent need to develop SRAMs
for long operation at ultra-low voltage, increasing stability,
decreasing SNM influence and operation at subthreshold
voltage.

SUMMARY OF THE INVENTION

[0010] The present invention provides a high stable static
random access memory cell for overcoming stability problem
due to process variations, various voltages and various tem-
peratures during nano-procedure.

[0011] The present invention provides a high stable static
random access memory cell for a first-in first-out memory
system, such that data access nodes are not disturbed by
signals on bit lines during the read mode, and SNM to be read
is enhanced.

[0012] The present invention provides a dual-port sub-
threshold static random access memory cell for a first-in
first-out memory system and operation under subthreshold
voltage. The dual-port subthreshold static random access
memory cell includes a write bit line; a write word line; a read
bit line; a read word line; a write access module connected to
the write bit line and the write word line; a latch connected to
the write access module and the write word line; and a read
module connected to the latch, the read bit line and the read
word line, wherein the latch includes a pass transistor and two
cross-coupled inverters, and the pass transistor has a source/
drain connected to the two cross-coupled inverters and a gate
connected to the write word line.

[0013] In one embodiment, the writing capability of the
dual-port subthreshold SRAM cell is enhanced by cutting off
the positive feedback loop of a memory component of the
latch. Certainly, better writing and reading capability may be
obtained by reducing threshold voltage (V) due to the reverse
short-channel effect (RSCE).

[0014] Incomparison with the prior art, the dual-port sub-
threshold SRAM cell of the present invention can make use of
the reverse short-channel effect and stably operate under sub-
threshold such that stable and reliable read and write capabil-
ity of the dual-port subthreshold SRAM cell can be enhanced.
Further, the dual-port subthreshold SRAM cell of the present
invention operates at the subthreshold voltage and has fewer
bit lines, so as to reduce leakage current, increase SNM, and
decrease disturbance owing to nano-process variations.
Hence, the dual-port subthreshold SRAM cell of the present
invention is suitable for a FIFO memory system.

BRIEF DESCRIPTION OF THE DRAWINGS

[0015] FIG.11is acircuit configuration of the conventional
static random access memory (SRAM);

[0016] FIG. 2 is a circuit configuration of the dual-port
subthreshold SRAM cell according to one embodiment of the
present invention;

[0017] FIG. 3A and FIG. 3B are diagrams showing the
comparison of static noise margin (SNM) between the dual-
port subthreshold SRAM cell of the present invention and the
conventional dual-port SRAM cell,

[0018] FIG. 4A to FIG. 4C are diagrams showing the com-
parison of power consumption between the dual-port sub-
threshold SRAM cell of the present invention and the con-
ventional dual-port SRAM cell; and
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[0019] FIG. 5 is a circuit configuration of the dual-port
subthreshold SRAM cell according to another embodiment of
the present invention.

DETAILED DESCRIPTION OF THE PREFERRED
EMBODIMENTS

[0020] The detailed description of the present invention is
illustrated by the following specific examples. Persons skilled
in the art can conceive the other advantages and effects of the
present invention based on the disclosure contained in the
specification of the present invention.

[0021] FIG. 2 shows a circuit configuration of a dual-port
subthreshold static random access memory (SRAM) cell 200.
As shown in FIG. 2, the dual-port SRAM cell 200 includes
latch L having cross-coupled inverters 202, 204 and a pass
transistor 206, a write access module W having a write access
transistor 208, and aread word line 214, a write word line 216,
awrite bit line 218 and a read bit line 220 arranged at periph-
ery.

[0022] Theread word line 214 and the word bit line 220 are
connected to the read module R, the write word line 216 is
connected to the write access module W and the latch L, and
the write bit line 218 is connected 1o the write access module
W.

[0023] Thecross-coupled inverters 202, 204 aredisposed at
an intermediate region of the dual-port subthreshold SRAM
cell 200 so as to be memory components of the dual-port
subthreshold SRAM cell 200, and are formed from two
complementary transistors. The source/drain of the pass tran-
sistor 206 is connected to an input end of the inverter 202 and
an output end of the inverter 204 to form the latch L. In one
embodiment, a source and a drain of the pass transistor 206
are respectively connected to an input end of the inverter 202
and an output end of the inverter 204. In another embodiment,
asource and a drain of the pass transistor 206 are respectively
connected to an output end of the inverter 204 and an input
end of the inverter 202.

[0024] The write access transistor 208 is connected
between the write bit line 218 and the latch L. via the source/
drain of the write access transistor 208. In one embodiment, a
source and a drain of the write access transistor 208 are
respectively connected to the write bit line 218 and the latch
L. In another embodiment, a drain and a source of the write
access transistor 208 are respectively connected to the write
bit line 218 and the latch L. The write access transistor 208
has enhanced writing capability by using reverse short-chan-
nel effect (RSCE).

[0025] A gate of the read transistor 210 is connected to the
latch L, the source/drain of the read transistor 210 is respec-
tively connected to ground (VSS) and the source/drain at one
end of the read transistor 212, and the source/drain at another
end of the read transistor 212 is connected to the read bit line
220. The gate of the read transistor 212 is connected to the
read word line 214.

[0026] Since decoupling may be performed on the read
transistors 210, 212 and the read bit line 220, data access
nodes are not affected by noise disturbance on the bit lines
during the read mode, such that the SNM to be read is
enhanced. Further, the read transistors 210, 212 can enhance
read capability and read margin of the read bit line 220 by
using the reverse short-channel effect (RSCE).

[0027] In addition, the variation of the threshold voltage
(V,) is proportional to the square root of the length of the
transistor multiplied by the width of the transistor. Therefore,
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longer channels may decrease the impact and influence
resulting from V,. In the subthreshold region, the RSCE
causes V,to be smaller, such that the length of the transistor is
increased for increasing the average reading current and
decreasing the reading delay.

[0028] While the dual-port subthreshold SRAM cell 200
operates at a subthreshold region, the writing capability is
significantly enhanced. Moreover, the write margin is
increased by cutting off the positive feedback loop of the
memory component formed from the cross-coupled inverters
202, 204, such that the write margin is increased without
additional circuits.

[0029] During the write mode, the write word line 216
would switch on the write access transistor 208 and switch off
the pass transistor 206. Data would be transmitted to the
inverters 202, 204 via the pass transistor 206, and the pass
transistor 206 would decrease threshold voltage by using
RSCE, so as to obtain more write margin.

[0030] FIG.3A and FIG. 3B show the comparison of SNM
between the dual-port subthreshold SRAM cell 200 of the
present invention and the conventional dual-port SRAM cell
100.

[0031] As shown in FIG. 3A, the dual-port subthreshold
SRAM cell 200 of the present invention operates at the sub-
threshold region to enhance writing capability, and increases
write margin by cutting off the positive feedback loop of the
cross-coupled inverters 202, 204 rather than adding addi-
tional circuits. In addition, the pass transistor 206 decreases
V, by using RSCE so as to obtain more write margin. Hence,
the dual-port subthreshold SRAM cell 200 of the present
invention has higher write SNM value than the conventional
SRAM 100.

[0032] As shown in FIG. 3B, in the subthreshold region, the
longer channel would decrease the impact and influence
resulting from V,. In the subthreshold region, the RSCE
causes V, to be smaller, such that the length of the transistor is
increased for increasing the average reading current and
decreasing the reading delay. Further, since decoupling is
performed on the read transistors 210, 212 and the read bit
line 220, data access nodes are not affected by noise distur-
bance on the bit lines during the read mode, such that the
SNM to be read is enhanced. The read transistors 210, 212
enhances read capability and read margin of the read bit line
220 by using the reverse short-channel effect (RSCE). Hence,
the dual-port subthreshold SRAM cell 200 of the present
invention has higher read SNM value than the conventional
SRAM 100, and thus overcomes the SNM value getting
smaller in the prior art.

[0033] FIG. 4A to FIG. 4C show the comparison of power
consumption between the dual-port subthreshold SRAM cell
200 of the present invention and the conventional dual-port
SRAM cell 100. FIG. 4A shows the comparison of the write
power consumption between the dual-port subthreshold
SRAM cell 200 of the present invention and the conventional
dual-port SRAM cell 100. FIG. 4B shows the comparison of
the read power consumption between the dual-port sub-
threshold SRAM cell 200 of the present invention and the
conventional dual-port SRAM cell 100. FIG. 4C shows the
comparison of power consumption at standby status between
the dual-port subthreshold SRAM cell 200 of the present
invention and the conventional dual-port SRAM cell 100.
[0034] Inthe presentinvention, the single-ended read/write
port structure can effectively reduce the number of bit lines,
so as to reduce power consumption. Therefore, the dual-port
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subthreshold SRAM cell of the present invention is suitable
for being used in biomedical industry or FIFO memory sys-
tems. In comparison with the prior art shown in FIG. 1, the
present invention at least reduces one read bit line and one
write bit line in the dual-port subthreshold SRAM cell.
[0035] FIG. 5 shows another circuit configuration of the
dual-port subthreshold SRAM cell 500 of the present inven-
tion. The dual-port subthreshold SRAM cell 500 differs from
the dual-port subthreshold SRAM cell 200 shown in FIG. 2 in
that the read module R is replaced with the read module R'.
[0036] As shown in FIG. 5, the dual-port subthreshold
SRAM cell 500 includes a latch L having cross-coupled
inverters 502, 504 and a pass transistor 506, a write module W
having a write access transistor 508, and a read module R'
having read transistors 510, 512, 51, 516.

[0037] Thecross-coupled inverters 502, 504 are disposed at
an intermediate region of the dual-port subthreshold SRAM
cell 500 to be memory components of the dual-port sub-
threshold SRAM cell 500, and are formed from two comple-
mentary transistors. The source/drain of the pass transistor
506 is connected to an input end of the inverter 502 and an
output end of the inverter 504 to form the latch L.

[0038] The source/drain at one end of the write access
transistor 508 is connected to the latch L, and the source/drain
at another end of the write access transistor 508 is connected
to the write bit line 522.

[0039] The source/drain at one end of the read transistor
5101s connected to the power end (VDD) 528, and the gate of
the read transistor 510 is connected to the read word line 518.
The source/drain at one end of the read transistor 516 is
connected to ground (VSS) 528, and the gate of the read
transistor 516 is connected to the read word line 518. The
source/drain ofthe read transistor 512 is connected to the read
bit line 524, the read transistor 510 and the source/drain of the
read transistor 514. The gate of the read transistor 514 is
connected to the latch L, and the source/drain of the read
transistor 514 is connected to the source/drain of the read
transistors 510, 512, 516.

[0040] Since decoupling is performed on the read transis-
tors 510, 512, 514, 516 and the read bit line 524, data access
nodes are not affected by noise disturbance on the bit lines
during the read mode, such that the SNM to be read is
enhanced. Further, the read transistors 510,512,514, 516 can
enhance read capability and read margin of the read bit line
524 by using the reverse short-channel effect (RSCE).
[0041] The dual-port subthreshold SRAM cell 2500 oper-
ates at a subthreshold region, such that the writing capability
1s significantly enhanced. Moreover, the write margin may be
increased by cutting off the positive feedback loop of the
cross-coupled inverters 502, 504, such that the write margin is
increased without additional circuits. In addition, during the
write mode, the write word line 520 would switch on the write
access transistor 508 and switch off the pass transistor 506.
Data would be transmitted to the inverters 502, 504 via the
pass transistor 506, and the pass transistor 506 would
decrease V, by using RSCE, so as to obtain more write mar-
gin.

[0042] Thepresent invention provides a dual-port threshold
SRAM cell for long operation in FIFO memory systems. The
dual-port threshold SRAM cell of the present invention has
anti-noise capability by using RSCE during the read mode,
and has increased stability during the write mode. Certainly,
the dual-port threshold SRAM cell of the present invention
can not only be used in FIFO memory systems, but also in
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mobile communication systems, biomedical electronic sys-
tems, computer systems and other associated systems.
[0043] The present invention provides a dual-port SRAM
cell design for subthreshold voltage operation. Although volt-
age decrease usually reduces stability, the dual-port SRAM
cell can still stably operate at subthreshold voltage. Further,
during the write mode, the dual-port SRAM cell of the present
invention can enhance writing capability by cutting off the
position feedback loop of the memory component. Moreover,
the single-ended read/write port structure decreases power
consumption. Accordingly, the present invention provides
memory cell for long operation in FIFO memory systems.
[0044] The invention has been described using exemplary
preferred embodiments. However, it is to be understood that
the scope of the invention is not limited to the disclosed
arrangements. The scope of the claims, therefore, should be
accorded the broadest interpretation, so as to encompass all
such modifications and similar arrangements.

1. A dual-port subthreshold static random access memory
cell for sub-threshold voltage operation, comprising:

a write bit line;

a write word line;

a read bit line;

a read word line;

a write access module connected to the write bit line and

the write word line;

a latch connected to the write access module and the write

word line, wherein the latch comprises a pass transistor
and two cross-coupled inverters, the pass transistor has a
source/drain connected to the two cross-coupled invert-
ers and a gate connected to the write word line; and

a read module connected to the latch, the read bit line and

the read word line.

2. The dual-port subthreshold static random access
memory cell of claim 1, wherein the write access module has
a write access transistor having a drain/source connected to
the write bit line and the latch and a gate connected to the
write word line.

3. The dual-port subthreshold static random access
memory cell of claim 1, wherein the read module has a first
and a second read transistors.

4. The dual-port subthreshold static random access
memory cell of claim 3, wherein the first read transistor has a
gate connected to the latch, an end with a drain/source con-
nected to a drain/source of an end of the second read transis-
tor, and another end with a drain/source connected to a
ground; and the second read transistor has a gate connected to
the read word line, and an end with a drain/source connected
to the read bit line.

5. The dual-port subthreshold static random access
memory cell of claim 1, wherein the read module has a first,
a second, a third and a fourth read transistors.

6. The dual-port subthreshold static random access
memory cell of claim 5, wherein the first, the second, the third
and the fourth read transistors respectively have a gate con-
nected to the read word line; the first read transistor has an end
with a drain/source connected to a power end and another end
with a drain/source connected to a drain/source at an end of
the second read transistor and connected to a drain/source at
an end of the third read transistor; the second read transistor
has another end with a drain/source connected to the read bit
line; the third read transistor has another end with a drain/
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source connected to a drain/source at an end of the fourth read
transistor; and the fourth read transistor has another end with
a drain/source connected to a ground.

7. The dual-port subthreshold static random access
memory cell of claim 1, being used in a first-in first-out
memory system.
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8. The dual-port subthreshold static random access
memory cell of claim 1, wherein the read module, the latch or

the write access module is operated by using a reverse short
channel effect.



