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Abstract—We propose an access scheme for a synchronous dual-
port (DP) SRAM that minimizes the 8T-DP-cell area and main-
tains cell stability. A priority row decoder circuit and shifted bit-
line access scheme eliminates access conflict issues. Using 65 nm
CMOS technology (hp90) with the proposed scheme, we fabricated
32 kB DP-SRAM macros. We obtained a 0.71 m� 8T-DP-cell for
which the cell size is only 1.44 larger than a 6T-single-port (SP)-
cell. The bit-density of the fabricated 32 kB DP-RAM macro is
667 kbit/mm�, which is 25% larger than a conventional 8T SRAM.
The standby leakage is 27% less because of the small drive-NMOS
transistor of the proposed 8T-DP-cell.

Index Terms—CMOS, dual-port, embedded SRAM, high den-
sity, low power, low voltage, memory, 65 nm, stability, two-port,
variability.

I. INTRODUCTION

I N DEEP submicron technology, System-on-Chip (SoC)
products require a high-speed and low-power embedded

memory to support increased storage capability. Typically, the
static random access memory (SRAM) has been widely used for
SoC products. So far, the most part of the embedded memory is
single-port SRAM, which has one access port for reading and
writing operations, while the demands for multi-port SRAM
continue to increase to accommodate high-speed communica-
tions and image processing. The multi-port SRAM is suitable
for parallel operation and improves the total chip performance
[1]–[11].

Underlying the trend is the fact that SRAMs face limitations
in terms of power dissipation through increasing the clock
frequency to improve the performance of SoCs as a technology
advancement. Accordingly, the system architecture has moved
to parallel operations to increase the practical computation
speed through increased parallel processing rather than in-
creasing the clock frequency. Many reports have described
high-performance and low-power multi-core processors that

Manuscript received December 21, 2007; revised December 17, 2008. Cur-
rent version published February 25, 2009.

K. Nii, Y. Tsukamoto, M. Yabuuchi, S. Ohbayashi and H. Shinohara are with
Renesas Technology Corporation, Itami, Hyogo 664-0005, Japan (e-mail: nii.
koji@renesas.com).

Y. Masuda and S. Imaoka are with Renesas Design Corporation, Itami, Hyogo
664-0005, Japan.

K. Usui is with Daioh Electric Co. Ltd., Itami, Hyogo 664-0002, Japan.
H. Makino is with the Osaka Institute of Technology, Hirakata, Osaka 573-

0196, Japan.
Digital Object Identifier 10.1109/JSSC.2009.2013766

have plural CPUs within a die. The number of memory ac-
cesses increases considerably, so the memory access speed
becomes a system bottleneck. That fact creates increasing
demand for a multi-port SRAM that can access from plural
ports simultaneously.

Although the memory access speed (the number of clock cy-
cles) improves with increasing number of access ports of the
SRAM, its area penalty also increases with the number of ports.
Consequently, a multi-port SRAM with more than three access
ports has low capability on a die; it is used particularly for high-
speed register files in a data path [8]–[10] or as buffer memory
for a video image processor engine [11], etc. Alternatively a
dual-port SRAM with two access ports is frequently used for re-
cent SoC chips with large capability as well as SP-SRAM. For
example, it is used as buffer memory in multimedia applications
[5] or a data cache in a multi-core processor [6], [7]. From the
point of view described above, the embedded DP-SRAM is an
essential IP block and tends to increase its capability.

In this paper, we briefly demonstrate that the embedded
dual-port SRAM can increase the internal memory access
speed. Fig. 1 presents simple block diagrams and timing charts
of the memory access. Fig. 1(a) portrays the case of sequential
memory access using a typical single-port (SP)-SRAM block,
whereas Fig. 1(b) depicts the case of parallel memory access
by a dual-port SRAM block. In Fig. 1(a), two functional units
(UNIT-A, UNIT-B) must access SP-SRAM in series through
the internal data bus because there is only one-port accessibility.
Consequently, two clock cycles are required if each UNIT ac-
cesses the SRAM once. On the other hand, both UNIT-A and
UNIT-B can access a DP-SRAM block simultaneously within
a cycle. Thereby, the parallel memory access can increase the
memory access speed in relation to sequential memory access.

By increasing the DP-SRAM capability, the occupation of
a chip increases, so that a higher density of the DP-SRAM is
strongly required. In general, the unit-cell size of the dual-port
SRAM is about twice as large as that of single-port SRAM to
date. Although the area penalty has been reduced by the new
layout structure, it is still 1.63 larger than the SP-cell [12].
This is the reason why the unit-cell of DP-SRAM has eight
transistors while that of SP-SRAM has six transistors. In addi-
tion, some transistors must expand the gate channel length and
width to maintain the cell stability and access speed. This ex-
pansion of the transistors in a unit-cell is considered to be the
inherently worst-case design of the DP-SRAM when possible
simultaneous access from both ports occurs.

0018-9200/$25.00 © 2009 IEEE
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Fig. 1. System block diagrams and timing charts of the memory access:
(a) sequential memory access, (b) parallel memory access.

For this study, we propose a priority row decoder and shifted
bitline (BL) access scheme for synchronous DP-SRAM. In addi-
tion, we introduce the physical layout of the 8T-DP-cell, which
has been contrived to reduce its area. The local and global vari-
ations of threshold voltage are well considered to deter-
mine the unit-cell transistors. This approach engenders no ac-
cess penalty and the smallest memory cell size ever reported
in a 65 nm technology [13]. This circumventive scheme must
operate with a common internal clock, as shown Fig. 1. The
proposed scheme cannot be adopted if both clocks have asyn-
chronous frequencies which are mutually independent. In the
case in which both clock phases are synchronized, however, this
scheme is available for use even if the clocks are not exactly the
same frequency [3].

This paper is organized as follows. In Section II, we first dis-
cuss the access conflict issues related to the dual-port SRAM. In
the subsequent section, we introduce the proposed circumven-
tive common-row-access scheme to reduce the cell size while
maintaining the read-stability, write-ability, and access speed. In
Section IV, we explain the design of the high-density 8T-SRAM
cells with discussion of the cell stability by SPICE simulation.
We also present evaluation results of our test chips fabricated
on 65 nm CMOS technology in Section V. A brief summary is
given in Section VI.

II. ACCESS CONFLICT ISSUE OF DUAL-PORT SRAM

Fig. 2 shows memory cell circuits for single-port and
dual-port SRAM. The standard single-port SRAM cell shown
in Fig. 2(a) comprises six transistors: two pull-up PMOSs
(load-PMOS), two pull-down NMOSs (drive-NMOS), and
two transfer NMOSs (access-NMOS). The single-port SRAM
realizes either read-operation or write-operation, so that its
operation is often denoted as “1RW”. Normally, as shown in
Fig. 2(b) and (c), two major types of memory cells are used for
the dual-port SRAM. Although both memory cells have eight
transistors in common, their function differs greatly. Fig. 2(b)
portrays the one-read/one-write (1R1W) type DP-SRAM cell,
in which only one of the two ports is allowed for read op-
eration [14], [15]. This 1R1W memory cell has stable read

Fig. 2. SRAM memory cell circuits.

operation, though its single-ended read-bitline (RBL) structure
might have an impact of access-time degradation unfortunately
because of the large amplitude RBL swing. Fig. 2(c) shows
the two read-write (2RW) type of 8T-SRAM memory cells
corresponding to Fig. 1. In this type of dual-port memory cell,
both ports are available for reading and writing, which indicates
that the 2RW type of memory cell can also operate as a 1R1W,
although the 1R1W type of memory cell cannot operate as
a 2RW. In this way, the 2RW type of 8T-DP-cell has more
access-flexibility. Hereafter, we specifically address this type
of DP-SRAM in this study.

Fig. 3 shows the variety of the access situations of the 2RW
dual-port SRAM when both ports are enabled simultaneously.
We simply show the memory cell array with activated 8T-cells,
wordlines (WLA, WLB), and bitlines (BLA, BLB). The buffers
of both sides of memory cell array designate the addressed WL
drivers of both ports. Fig. 3(a) depicts a situation in which the
different row and column are accessed from both ports des-
ignated independently by each address input. Fig. 3(b) shows
the different row and common column access situation. These
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Fig. 3. Assortment of the access modes of the dual-port SRAM.

two situations have no issues in terms of the access conflict of
both ports because the selected each memory cell, of which ei-
ther WLA or WLB is activated, operates as a single port ac-
cess. Fig. 3(c) and (d) respectively show the common row and
different column access, and the common row and common
column access. In these common row access situations, we must
take care of the cell stability as a worst case for reading because
the enabled two wordlines affect the static noise margin (SNM)
degradation for all memory cells along with the selected row.
Both ports operate as reading; also, one port operates as writing
or both ports operate as writing. Therefore, the write-ability is
also considered as a worst case of the selected memory cell. The
read-stability is still considered in writing operations because
the half-selected (selected row and unselected column) memory
cells are equal to reading situations even if one or both ports is
performing a writing operation. In general, absolutely consis-
tent address access for a writing operation from each port, as
shown in Fig. 3(d), is inhibited because of the abnormal leakage
current flows in the accessed memory cell if the writing data
are different (namely opposite data) from both ports. Still, the
simultaneous reading operation or reading and writing opera-
tions from both ports is frequently required from the system.
Therefore, the conventional DP-SRAM design must satisfy such
a worst-case access situation: the size of 8T-DP-cell necessarily
becomes large because of increasing gate width of drive-NMOS
transistors to improve the cell stability.

Fig. 4 shows simulated butterfly curves of the SNM for the
8T-DP-cell. As described earlier, the 8T-DP-cell has two dif-
ferent SNM values depending on the access situation: one is a
common access situation in which two wordlines (WLs) within
the same row are selected; the other is a different access situ-
ation in which two WLs in two different rows are selected. In
the common access situation shown in Fig. 2(c) and (d), both
WLs are activated, so that the electrical ratio of the 8T-DP-cell
is expressed as . Here, , , and

Fig. 4. Butterfly curves and static noise margin of the DP-8T-cell for both
common row access and different row access.

Fig. 5. Concept of proposed circumventing simultaneous common-row-access.

respectively indicate the coefficients of source-drain cur-
rents of the drive-NMOS transistor, the access-NMOS for the
A-port, and the access-NMOS for the B-port. On the other hand,
as for the different access situation, the corresponding ratio
becomes or because of single activa-
tion of the WL. In general, a lower ratio reduces the read-sta-
bility, SNM, which indicates that we should discuss the SNM
in common access situation for the worst-case design of the
8T-DP-cell.

III. CIRCUMVENTING ACCESS SCHEME OF SIMULTANEOUS

COMMON ROW ACTIVATION

Fig. 5 presents the fundamental concept of our DP-SRAM ac-
cess scheme. For convenience, we define that port A connected
to the pair of BLA and /BLA is primary, whereas the port B con-
nected to that of BLB and /BLB is secondary. In the secondary
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Fig. 6. Block diagram and timing chart of the proposed access scheme.

Fig. 7. Circuit of the row-address comparator (RAC).

port B, we introduce the row address comparator (RAC) and
the bitline shifter. Fig. 6 expresses more detailed operations de-
pending on the access mode. The implemented circuitry in our
test chip design is portrayed in Figs. 7 and 8. Fig. 6(a) shows
that the address input signal activates WLA in the th
row (WLAm), whereas the activates WLB in the th row
(WLBn), which means a different access mode. In this condi-
tion, the RAC is designed to the output “H” level so that the
DP-SRAM as a whole should realize a standard read or write
operation. Once the and the select the WLs in a
common row, as shown in Fig. 6(b), the row decoder for port B is
disenabled because of the RAC. Consequently, only the WLAn
is accessible to the memory cell. Simultaneously, the “L” level
generated by the RAC (see also Fig. 7) modifies the connection
of secondary port B from the pair of BLB to that of BLA, making

it possible to read data stably without SNM degradation. In other
words, this scheme circumvents the common access mode, so
that it is possible to reduce the drive-NMOS transistor width,
which directly contributes to the reduction of the DP-SRAM
unit cell area. In addition, this circuitry we proposed has a strong
effect on the write operation. In fact, the common access mode
becomes a critical problem in the write operation because the
read operation takes place in unselected columns, which means
that the data to be stored might be flipped during writing. How-
ever, our scheme keeps the WLBs at “L” levels as well as in the
write operation. For that reason, whenever the common access
mode occurs, we can safely avoid this type of error. In this way,
we can circumvent the fatal risk associated with the specific op-
eration in the DP-SRAM. Furthermore, it is noteworthy that the
introduction of the additional circuitry is compensated by the
reduction of the cell area of a unit DP-SRAM.

IV. 8T-DUAL-PORT CELL DESIGN

A. Scaling Trend of Memory Cell Sizes

Fig. 9 shows scaling trends of embedded SRAM cell size
of 6T-SRAM (for a 1RW single-port) and 8T-SRAM (for a
2RW dual-port). The cell size of 6T-SRAM shrinks by half as
one technology node advances. Conventionally, the 8T-DP-cell
sizes were more than two times larger than 6T-SP-cell sizes
until 130 nm technology. In our previous work, the new elon-
gated 8T-DP-cell layout was proposed; its cell size was 2.04

m , which is only 1.63 times larger than 6T-SP-cell of the
1.25 m in 90 nm technology [12], [16]. According to the
scaling trend, both the 6T-SP-cell and 8T-DP-cell sizes become
approximately half, which are 0.61 m and 0.99 m respec-
tively in 65 nm technology with the same layout topology [17].
In this work, we apply the new access scheme described in
Section III to achieve a smaller cell beyond the scaling trend. In
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Fig. 8. Circuit of the bitline shifter for secondary port.

Fig. 9. Scaling trend of the SRAM memory cell size.

addition, it helps aggressive shrinkage that improving the print-
ability of the cell layout is adopted from the design for manu-
facturability (DFM) point of view such as regular polygons of
active diffusion and poly-silicon gates. As a result, the proposed
thin 8T-DP-cell size is 0.71 m , which is 30% smaller than
a normal 8T-DP-cell and is only 1.44 the cell size of an ad-
vanced high-density 6T-SP-cell [13].

B. Contrived 8T-SRAM Cell Layout

Below 100 nm technology, the major memory cell layout
of 6T-SRAM becomes the wide and thin rectangle type,
which includes two well-bounded regions. Extending the same
layout topology, the conventional 2RW type of an 8T-SRAM
cell layout [12] was also a thin rectangle type similar to a
6T-SRAM cell. The proposed high-density 8T-DP-cell layout
is based on these wide and thin rectangle types. Figs. 10 and 11

show the layout and an SEM image of the proposed 8T-DP-cell
using our 65 nm LSTP CMOS technology. As well as con-
ventional 8T-DP-cell, four shared contacts of tungsten plugs
connect the poly-silicon gate and diffusion region directly
to achieve a smaller cell size. In terms of front-end-of-line
(FEOL), we can shrink the cell width ( direction) aggressively
because the transistor width of drive-NMOS transistor can be
reduced to about half that of the normal cell. Regarding the
back-end-of-line (BEOL), however, no scaling down occurs
in the direction because the second metal tracks consist of
BL pairs, WL islands, and power line are almost completely
occupied even for a conventional 8T-DP-cell.

To resolve this BEOL bottleneck, we change the layers of
BLs, WLs, and the power-line to upper layers in each, as shown
in Fig. 10(b). The BLs and power-line run with the third metal
layer in vertical direction and the WLs run with the fourth metal
layer in the horizontal direction. The ground-line maintains a
second metal layer, but it is connected directly with both sides
in each cell in a zigzag wire, as in a snake pattern. As a result,
the required second metal tracks are reduced to seven from nine;
the cell width is then determined by FEOL, not BEOL.

In our design, the electrical ratio is reduced to one, which
minimizes the 8T-DP-cell width in directions, i.e., the

, which is the same ratio as that of the 6T-SP-cell
[17]. For that reason, the regions of -type active diffusions
and poly-silicon gates become a straight polygon pattern, which
presents advantage from the DFM point of view. It is lithograph-
ically friendly or robust against misalignment of mask steps be-
cause of reduction of the corner round shapes. Therefore, the
minimum dimensions of FEOL can be reduced aggressively
with little impact on the yield loss. The dimensions of each
cell are summarized in Table I. Regarding concerns about the
read-stability attributable to the small electrical ratio, we dis-
cuss that topic in the following two sub-sections.

Authorized licensed use limited to: NORTHERN JIAOTONG UNIVERSITY. Downloaded on February 25, 2009 at 21:56 from IEEE Xplore.  Restrictions apply.



982 IEEE JOURNAL OF SOLID-STATE CIRCUITS, VOL. 44, NO. 3, MARCH 2009

TABLE I
DIMENSIONS OF 8T-DP-CELLS

Fig. 10. The 8T-DP-cell layout.

C. Simulated Butterfly Curves for the Static Noise Margin

Next, we verify the read-stability of the proposed 8T-DP-cell.
Fig. 12 shows the simulated butterfly curves both of conven-
tional DP-SRAM cell and proposed ultra-high-density (UHD)
8T-SRAM cell in our 65 nm technology. The plotted data show
the process under typical conditions: 1.2 V supply voltage and
room temperature. Conventional 8T-SRAM must be considered
the worst case of the common row access situation. On the other

Fig. 11. SEM image of 8T-DP-cell after poly etching and metal-2 dama-
scening.

hand, the proposed 8T-DP-SRAM is considered to be the case
in which either WLA or WLB is activated like a 6T-SP-SRAM.
The dc simulation result shows that the SNM values are 186
mV and 194 mV, respectively, for conventional and proposed
8T-DP-SRAMs. In spite of the small electrical ratio, the SNM
of the proposed UHD-8T-SRAM cell is slightly larger than the
conventional DP-SRAM cell under typical conditions. This is
because that the of small access-MOS transistor of con-
ventional unit-cell is lowering due to the reverse narrow effect.
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Fig. 12. Measured SNM for conventional and proposed 8T-DP-cells.

Fig. 13. Read-stability and write-ability analysis by � curve simulations.

Meanwhile the of access-MOS transistor of the proposed
cell has almost as same as that of drive-MOS transistor [17].

D. Read-Stability and Write-Ability Analysis

We verify the read-stability and write-ability of proposed
DP-SRAM cell considering global and local variation. The
global variation means the inter-die variation, which is caused
by variation of the gate length, gate width, gate oxide thickness,
and dopant implantation. The local variation is the intra-die
variation, which is caused by dopant fluctuation of channel and
gate line-edge-roughness (LER). Fig. 13 shows the result of
read-stability and write-ability analysis by curve simulation
[18] considering such both global and local variation. The
read- and write-boundary are solved using “worst case model
analysis”. In this analysis, we assume that the total memory
capability of DP-SRAM in one die is up to 1-Mbit. The temper-
ature is 40 C to 125 C; the supply voltage is 1.2 V 10%
variation. As shown in Fig. 13, the read and write margin is
sufficiently good for the global corner models FF, FS, SS, and
SF as well as typical model CC. Here, FS means fast-NMOS
and slow-PMOS, and SF means slow-NMOS and fast-PMOS,
etc. This simulation result shows that we can ensure that there
is little impact on the yield loss for mass production on account
of DP-SRAM instability.

Note that it was not introduced the reading and writing en-
hanced techniques [17] to our proposed DP-SRAM in spite of
the same transistor sizes of SP-SRAM. Though the DC charac-
teristics of the read-stability and write-ability for 8T dual-port
unit-cell become the same as the 6T single-port unit-cell, the
one-tenth smaller total memory capability contributes to satisfy
the operating margin without assist circuit for our 65 nm CMOS

Fig. 14. Estimation of the standby leakage of the 8T-DP-cell by SPICE simu-
lation.

technology. If the larger memory capability is required for the
DP-SRAM in a chip, we have to introduce some kind of the
reading and writing assist circuit technique. This will be dis-
cussed as future work in Section IV.

E. Simulated Standby Leakage

The small drive-NMOS transistor contributes to not only area
but also standby leakage reduction. Fig. 14 shows a comparison
of the simulated standby leakages of the reference 0.49 m
6T-SRAM (SP) cell, the proposed 0.71 m 8T-SRAM (DP),
and the conventional 0.99 m 8T-SRAM (DP) cell, respec-
tively, using our 65 nm CMOS technology. For each cell, we
estimate the total leakage current flow, which is sum of the
subthreshold leakage current, the gate induced drain current
(GIDL) and gate leakage of all transistors. The typical standby
leakage of the proposed DP-8T-cell is 9.0 pA/cell at the 1.2 V
supply voltage and room temperature is reduced by 30% from
that of the conventional 8T-DP-cell. We suppress the increasing
standby leakage of proposed 8T-DP-cell to only 1.4 times of
the 6T-SP-cell because of just twice of leakage component of
access-NMOS transistors.

V. IMPLEMENTATIONS AND EVALUATION

A. Design and Fabrication of Test Chip

We designed and fabricated test chips with eight embedded
32 kB DP-SRAM macros with 65 nm CMOS technology.
Fig. 15 shows a microphotograph of the 36.2 mm test chip.
The four macros at the right side are the proposed UHD-DP-
SRAM, whereas the other four macros at the left side are normal
DP-SRAM macros. Although the test chips were fabricated
with eight metal layers, both conventional and proposed SRAM
macros were implemented within four metal layers.

Fig. 16 shows the layout plot of the proposed 32 kB
UHD-DP-SRAM macros. Two row decoders for both the
A-port and B-port are placed exactly at the center of the macro,
so that the memory cell array is divided into two cell arrays by
the row decoder, thereby shortening the wordline. There are
primary data I/O for the A-port located at the upper side and
secondary data I/O for B-port located at the opposite lower
side. The BL shifter is inserted between the cell array and
secondary data I/O not inserted in the primary data I/O. The
RAC is placed into the secondary address buffer region. The
total cell array region is decreased by 30% because of the small
memory cell compared to conventional one. On the other hand,
the BL shifter and the RAC in the peripheral part increase their
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Fig. 15. Die photograph of a test chip.

Fig. 16. Layout plot of fabricated 32 kB UHD-DP-SRAM macros.

Fig. 17. Bit-densities and cell size ratios.

area slightly by 5%. The physical layout of the 32 kB macro is
868 442 m; the bit-density is 667 kbit/mm . Fig. 17 shows
comparisons of bit-densities with previous works as well as
area overheads of 8T-cell over 6T-cell. This work achieves
25% increases of bit-density, as shown in Fig. 17.

B. Measurement Result

We tested all of the 32 kB macros and confirmed fully func-
tional operation. Additionally, we measured the SNMs of pro-
posed 8T-cells for both ports, as shown in Fig. 18. The results

Fig. 18. Measured SNM.

Fig. 19. Shmoo plot.

TABLE II
FEATURES OF THE FABRICATED SRAM MACRO

verified that the SNM for A-port and B-port was well balanced
and we found that the measured mean value correlates with
the SPICE simulation result. The SNM for both WL activated
simultaneously need not be considered because that situation
never occurs with this design.

Fig. 19 presents a typical shmoo plot depending on the
supply voltage versus clock access time under room tempera-
ture conditions. It shows the measured SRAM macro functions
of 0.8–1.44 V. The measured clock access time was 3.0 ns
at typical supply voltage 1.2 V, while the conventional one is
3.1 ns. This indicates that there is no access time penalty (see
Table II). The measured typical standby leakage of four 32 kB
macros (in total 128 kB) including both the cell array and
peripheral was 20 A, which was reduced by 27% compared
to the conventional one because of the small drive-NMOS
transistor of the DP-SRAM cell. Table II summarizes the test
chip features.

Authorized licensed use limited to: NORTHERN JIAOTONG UNIVERSITY. Downloaded on February 25, 2009 at 21:56 from IEEE Xplore.  Restrictions apply.



NII et al.: SYNCHRONOUS ULTRA-HIGH-DENSITY 2RW DUAL-PORT 8T-SRAM WITH CIRCUMVENTION OF SIMULTANEOUS COMMON-ROW-ACCESS 985

VI. CONCLUSION

We proposed a new access scheme for an ultra-high-den-
sity synchronous DP-SRAM which maintains stable reading
and writing operation. Using 65 nm CMOS technology, we
designed and fabricated 32 kB DP-SRAM macros using this
scheme. We obtained the smallest 8T-DP-cell and the highest
bit-density ever reported in the 65 nm era. Test results show that
the speed penalty was negligible; standby leakage was reduced
by 27% because of the small cell size.

The next generation of 45 nm or 32 nm advanced SoC
products will require further consideration of the device vari-
ation. For this work, we did not apply the assist technique to
enhance the read-stability and write-ability like a single-port
SRAM, as reported recently [17], [19]–[22] because the total
size of memory embedded in one die is not as great as that
of an SP-SRAM and the variability is still within allowed
limits. In the near future, system applications will absolutely
demand increased total amounts of dual-port SRAM capa-
bility. Furthermore, the variability is increased indefinitely
according to the shrinkage. For such cases, read-stability and
write-ability enhancement techniques become necessary for
the DP-SRAM as well as the SP-SRAM [23], [24], so that the
shrinkage of the DP-SRAM cell is continuing. Therefore, we
are sure that the proposed circumvention of the access scheme
for the DP-SRAM would help the area reduction and leakage
suppression without any speed overhead for future advanced
SoC products.
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