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Abstract— Exponential growth of battery powered portable
applications demanding new SRAM cell topologies with low-
leakage. In this work, an analysis and simulation on P-P-N based
10T SRAM cell using dual-Vy, scheme (at deep sub-micron
technology) is presented. This work achieved stand-by leakage
reduced by 74% and 77% at VDD=0.8V and VDD=0.7V
respectively without losing cells performance at an area power
trade-off. The simulation is being performed at 45nm CMOS
technology, Vinn=0.22V, V,,=0.224V, Vpp=0.7 and 0.8V, and at
T=27°C.
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l. INTRODUCTION

With the dependence of the leakage power on the number
of transistors, and given the projected large memory content of
future SoC (System on Chip) devices (more than 90% of the
die area by 2014 [1]), it is important to focus on minimizing
the leakage power of SRAM structures. As the CMOS process
technology continues to scale to the nanometer regime,
process variation and leakage current of transistors become
more severe, which are further aggravated by the fluctuation
of the operation conditions such as the variation of the supply
voltage and/or the temperature leads to a higher chance of
device malfunctioning. Furthermore, leakage is the only
source of energy consumption in an idle circuit.

Hence, the design of low-leakage SRAM cell is highly
desirable. The paper is organized as follows, Section II
presents a brief functional overview of the Conventional 6T
SRAM Cell, Section 11l explains briefly the P-P-N based 10T
SRAM cell, Section IV gives the review of the related work
that has been done in this area, whereas Section V gives the
simulation work performed on dual-Vy, 10T SRAM cell
followed by the Conclusion in Section VI.

Il.  THE CONVENTIONAL 6T SRAM BIT-CELL-A
FUNCTIONAL APPROACH

The Conventional SRAM (CV-SRAM) cell has Six MOS
transistors (‘4’ nMOS and ‘2’ pMOS), Figurel. Unlike DRAM
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it doesn’t need to be refreshed as the bit is latched in. It can
operate at lower supply voltages and has large noise immunity.
However, the six transistors of an SRAM cell take more space
than a DRAM cell made of one transistor and one capacitor
thereby increasing the complexity of the cell [2].

WL —%
TVDD
[ |
M3 M4
wovdl
Mi
o |
—BL
BLB —l_l
M1

4,

Figure 1 6T-CMOS SRAM Bit-Cell

A. The SRAM Bit Cell

The memory bit-cell has two CMOS inverters connected
back to back (M1, M3, and M2, M4). Two more pass
transistors (M5 and M6) are the access transistors controlled
by the Word Line (WL), Figure 1. The cell preserves its one of
two possible states ‘0’ or ‘1°, as long as power is available to
the bit-cell. Here, Static power dissipation is small. Thus the
cell draws current from the power supply only during
switching. But ideal mode of the memory is becoming the
main concern in the deep-sub-micron technology due to its
concerns in the leakage power and data retention at lower
operating voltages.

B. The Operation of SRAM Bit-Cell

Although the two nMOS and pMOS transistors of SRAM
memory bit-cell form a bi-stable latch, there are mainly the
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following three states of SRAM memory cell, the Write, Read,
and Hold states.

1) Standby Operation (Hold): When WL = ‘0°, M5 and
M6 disconnect the cell from Bit-Lines (BL and BLB). The two
cross-coupled inverters formed by M1-M4 will continue to
reinforce each other as long as they are disconnected from the
outside world. The current drawn in this state from the power
supply is termed as standby current.

2) Data Read Operation: Read cycle starts with pre-
charging BL and BLB to ‘1’, i.e., Vpp. Within the memory
cell M1 and M4 are ON. Asserting the word line, turns ON the
M5 and M6 and the values of Q and Q’ are transferred to Bit-
Lines (BL and BLB). The M4 and M6 pull BL upto Vpp, i.e.,
BL = ‘1’ and BLB discharges through M1 and MS5. This
voltage difference is sensed and amplified to logic levels by
sense amplifiers.

3) Data Write Operation: The value to be written is
applied to the Bit lines. Thus to write data ‘0’, we assert
BL=0, BLB = ‘1’ and to write data ‘1°, the BL = ‘1’, BLB =
‘0’, asserted when WL = “1°.

IIl.  THEP-P-N BASED 10T SRAM CELL

A 10T SRAM cell, Figure2, as the name suggests, consists
of 10 transistors. Out of these transistors, four are pull-up
transistors (PUL1, PUL2, PUR1 and PUR?2), four are pull-
down transistors (PDL1, PDL2, PDR1 and PDR2) and two are
access transistors (PGL and PGR)[3]. The two pull-down
transistors i.e. PDL1 and PDR1 are connected to VGND. This
VGND signal is connected to ground during the read operation
and VDD, otherwise. In 10T SRAM cell, the access transistors
are connected to pseudo nodes (pQ and pQb i.e. nodes
between two pull-up transistors) rather than the storage nodes
(i.e. Q and Qb). Due to this, the storage nodes are isolated
from the BLs and therefore during the read operation, the read
current does not flow through the storage nodes and hence
maintain the read stability. In case of the write operation, the
VGND is connected to VDD and one of the bit-lines e.g. BL is
grounded. Suppose the node Q is storing ‘1’ and node Qb is
storing ‘0’. When a high supply voltage is provided, the node
Q is pulled down to ‘0’ due to discharging through the access
and the pull-up transistor i.e. PGL and PUL2.
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Figure 2. The 10T SRAM Cell

In this paper we have proposed a 10T SRAM cell using dual-

Vth scheme. Here, we use standard Vth pull-up transistors,
low Vth access transistors and high Vth pull-down transistors.
Due to the low Vth transistors, the gate voltage (\Vg) required
for activation of the access transistors is low and thus, the
access speed for the data stored increases considerably. Also
the high Vth Pull-down transistors decrease the leakage in the
circuit.

IV. AREVIEW OF RELATED WORK

For the 6T SRAM, the cell stability and the write ability
may sporadically experience data-flipping (i.e., a bit cell
changes its state from ’0’ to *1” or vice versa after being read)
or write failure (i.e., the data to be written into a bit cell fails
to overwrite its previously stored value). To cope with these
problems, several new SRAM cells equipped with some
supportive peripheral circuits have been proposed like the
single-ended sensing cells [4]-[8] and differential sensing
cells [9], [10]. In general, a single-ended sensing cell is not as
robust as the differential one, and hence, it often requires some
extra compensation scheme to maintain the reliability as
proposed in [7]. Moreover, it is not easy if not impossible for a
single-ended sensing cell to support column multiplexing (also
known as bit-interleaving) in which an 10 is shared among
several cell columns. In the differential cells, the stability and
writeability of the cell have been improved by using two
cross-coupled Schmitt-trigger inverters to form the storage
cell. There is a minor problem with this type of ST cell — it still
suffers from the read disturbance problem, which refers to the
phenomenon that a storage node with data 0 will experience
a transient voltage glitch when it is being read. This voltage
glitch may sometimes cause the cell to flip unexpectedly.

V. SIMULATION WORK

In our work, we have used dual Vy, scheme in 10T SRAM
cell. The working of this cell is the same as the standard Vi,
10T SRAM cell except for the access transistors (PGL and
PGR), which are used here, have low Vy, and the pull-down
transistors (PDL2 and PDR2) have high V. As explained
earlier, due to the low Vy, of the access transistors, the access
speed of the transistors increases considerably. This helps in
faster access of the data stored in the SRAM cell. Also due to
the high Vy, pull-down transistors, the leakage of the circuit
through theses transistors decreases. Hence, the performance
of the cell increases as compared to the dual Vy 6T SRAM
cell on an area-power trade-off.

40
as

3o

power i)
5

- 107
&T

o7 0.8

valtage [vi



UACEE International Journal of Advances in Electronics Engineering Volume 2: Issue 3 ISSN 2278 - 215X (Online)

Figure 3. A comparison of Leakage Power of conventional
6T and 10T SRAM Cells

Figure 3 shows the static power dissipation of the dual-Vy,
6T SRAM cell and the dual Vg, 10T cell. As can be seen from
the figure, the leakage power in dual-Vth 10T SRAM cell
decreases by 74% and 77% as compared to the dual Vg 6T
SRAM cell at Vpp=0.8V and 0.7V respectively, at room
temperature.
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Figure 4. Effect of Temperature variations on conventional
6T and 10T SRAM Cell

Figure 4 shows the temperature variation of the dual Vth
6T and 10T SRAM cell over the temperature range —25 to 125
°C at 0.8V. In the dual Vth 10T SRAM cell, the leakage power
decreases by 57%, 74%, 81% and 82 % at 0°C, 25°C, 50°C
and 125°C, respectively as compared to dual-Vth 6T SRAM
bit-cell.

Apart from the reduction in the stand-by leakage, the cell
has shown considerably good amount of SNM i.e. 0.42V at
VDD=0.8V and 0.37V at VDD=0.7V. Thus, the only
parameter where the cell compromise, is its area as it uses 10
transistors instead of 6.

VI.

In this paper, an analysis and simulation on P-P-N based
10T SRAM cell using dual-Vy, scheme (at deep sub-micron
technology) is presented. This work achieved stand-by leakage
reduced by 74% and 77% as compared to dual-Vth 6T SRAM
bit-cell at Vpp=0.8V and Vpp=0.7V, respectively without
losing cells performance at an area power-tradeoff.

CONCLUSIONS
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