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Abstract—In this paper, a nine-transistor (9T) Static Random
Access Memory (SRAM) bitcell for the low voltage and energy
constraint applications is proposed. It is well known that in
sub-threshold regime, reliability and process variations are the
main design challenges, and standard six-transistor (6T) SRAM
bitcell fails to operate in sub-VTH . The proposed design has
better read stability and improved process variation tolerant
as compared to standard 6T SRAM at low voltage. Simulation
results based on 32nm technology node shows that there is 37%
improvement in the read stability as compared to standard 6T
SRAM bitcell. The proposed design also address the conflicting
read and write requirements, therefore, one can optimize the
read static noise margin (SNM), write noise margin and write
speed for a particular application by selecting the bitcell ratios
for read and write operations.

I. INTRODUCTION

An obvious way to reduce Static Random Access Memory
(SRAM) energy per operation is to reduce VDD, which
will decrease active power quadratically and leakage power
linearly. If VDD is decreased, however, increased delay time
causes this leakage power to be integrated over a long-time
interval, thus increasing the Power Delay Product (PDP). By
modifying the architecture of existing SRAM circuits while
keeping the reliability and process variation in mind, we can
improve the performance even at lower VDD. In standard 6T
SRAMs, minimum feature sized devices are preferably used
to provide high cache density, as a result, read and write
stability degrade significantly due to process variation. As
cache is embedding in every Integrated Circuit (IC) for better
performance, the importance of SRAM which will work at low
power and in nano-regime has been increased in the recent
past to meet energy requirement of the portable or hand held
devices.

Design of sub-threshold SRAM cells reduces both leakage
and access energy for low power applications and introduces
compatibility with the sub-threshold logic to allow system
integration [1], [2]. In sub-threshold regime, reliability and
process variations are the main design challenges, and standard
six-transistor (6T) SRAM bitcell fails to operate in sub-
VTH [3], [4]. In 6T SRAM bitcell desired read and write
margins are achieved by relying on length and width ratios of
transistors. But process variation makes this method of length
and width ratios unreliable for sub VTH SRAM bitcell design.
To increase the read stability extra peripheral circuitry can

be added to 6T SRAM bitcell at the cost of increased area
overhead and power consumption.

Several SRAM bitcell topologies have been proposed in the
recent past to improve read stability [3], [5]–[8]. 8T SRAM
bitcell proposed in [6] marginally adds 30% area overhead to
the typical 6T SRAM bitcell. The two extra transistors acts
as a buffer or a separate read port which protects the stored
data during a memory read. Typically in 6T SRAM, at the
onset of read cycle, the node stored ‘0’ state is connected to
precharged bit line, which raises the node voltage and reduces
read noise margin. In 8T SRAM bitcell because of included
buffer isolates this node from the bitline, thus improves the
read margin almost equal to hold margin. In 8T SRAM bitcell,
only a single word-line transistor blocks charge from leaking
off read bitline (RBL). High bitline leakage affects the number
of rows (or cells) that can be connected to a single bitline.
The 10T bitcell proposed in [3] reduces this bit line leakage
by adding two more transistors in the read buffer path. Both
8T and 10T uses single ended sensing which has some major
drawbacks. In single ended sensing, bitcell utilizes large signal
sensing featuring domino style hierarchical bitlines. Large
signal sensing and hierarchical bitline organization results in
poor array efficiency and high power consumption [9]. The 9T
SRAM proposed in [10] uses differential sensing, it is having
isolated read buffer. This design is having very good read noise
margin, but read speed decreases because of body effect.

In this paper, we have proposed a new 9T SRAM with-
out separate read and write bitlines (or a read buffer). The
proposed design has better stability and process variation
tolerance compared to standard 6T SRAM bitcell. In the
proposed design there is no effect on write speed by increasing
the bitcell ratio as there are different bitcell ratio definitions
under read and write operations. We simulated the proposed 9T
SRAM design using 32nm technology node files of Predictive
Technology Models (PTM) [11]. The rest of this paper is
organized as follows: Section II presents the conventional (or
standard) 6T bitcell SRAM and its read and write operations.
The proposed 9T bitcell and its features and operations are
discussed in Section III. Section IV deals with the process
variations for different voltage levels. Summary of key con-
clusions is provided in Section V.



Fig. 1. Schematic diagram of a standard 6T SRAM bitcell.

Fig. 2. Read equivalent diagram of a standard 6T SRAM bitcell.

II. CONVENTIONAL 6T SRAM

SRAM bitcell is the basic building block of SRAM caches.
Each bitcell stores one bit of information. The main parameters
that should keep in mind while designing SRAM bitcells are
bitcell area, speed, stability, power consumption and yield. Fig.
1 shows the schematic diagram of conventional 6T SRAM
bitcell. A conventional 6T-SRAM bitcell consists of two cross
coupled inverters (INV1 and INV2) and access transistors
(M1 and M2). The access transistors allow access to the data
stored during read and write operations and provide isolation
from other bitcells during hold state. Bitcells are accessed by
asserting the word-line (WL) during a read or write operation
by the access transistors.

A. Read operation

Fig. 2 shows the 6T SRAM equivalent schematic diagram
during read operation. Bit lines are precharged to supply
voltage before read operation. The read operation is initiated
by enabling the word-line (WL) and thereby connecting the
internal nodes of the SRAM bitcell to bit-lines. The bit line
voltage is pulled down by the nMOS transistor at the ‘0’
storage node and the difference between two bit line voltages
will be detected by sense amplifier. When the word line(WL)
is high, one of the bit line voltages is pulled down through
transistors M2 and M6 or M1 and M4. The transistors M2
and M6 forms a voltage divider, because of current flowing
through M2, the potential at node QB is no longer at ‘0’V. Also
it should not go beyond switching threshold of inverter (INV1)
to avoid destructive read. The rising of potential depends on
sizing of access transistor and pull down transistor which is
defined as a bitcell ratio.

TABLE I
VARIATION IN DIFFERENT PARAMETERS OF STANDARD 6T WITH BITCELL

RATIO.

bitcell Ratio 1 1.5 2 2.5 3
SNM (mV) 27.4 60.7 79.7 91.9 102.3
Write Time (ps) 35.38 42.25 47.48 52.17 57.15

B. Write operation

The write operation begins by forcing a differential voltage
(VDD, and 0) at the bitline pairs (BLB and BL). This
differential voltage corresponds to the data to be written at
the storage nodes (Q and QB) and it is controlled by the write
drivers. The WL is then activated to store the information from
the bit-line pairs to corresponding storage nodes. Assume, the
nodes Q and QB initially store values ‘1’ and ‘0’ respectively.
When the WL is asserted the access transistor (M1) connected
to BL (at ‘0’) is turned on, a current flows from VDD to BL
through M3 and M1. This current flow lowers the potential at
Q. The potential at the node Q has to go below the trip point
of the inverter (INV2) for a successful write operation and this
depends on the ratio of pull-up transistor (M3) and the access
transistor (M1). This ratio is referred to as the pullup- ratio.

C. Hold operation

When WL goes low , SRAM bitcell is in data retention
mode. Two cross coupled inverters hold the data, through
bistable action. There is destruction in data stored when VDD

goes below certain voltage, which is called data retention
voltage of SRAM bitcell .

A standard 6T SRAM shows poor read stability as technol-
ogy scale down to nano-regime. To increase the read stability
(measured by read SNM) conventional device sizing can be
followed by increasing the bitcell ratio. By increasing the
bitcell ratio, read SNM and critical charge (node capacitance)
will increase which are desirable. However, at the same time
power consumption and write time increases which are not
desirable features, as they incur loss of power, performance
and increase in area overhead. In Table I it is shown that when
we are increasing the bitcell ratio there is significant increase
in write time, which will affect the performance of SRAM
bitcell.

III. PROPOSED 9T SRAM BITCELL DESIGN

Fig. 3 shows the proposed 9T SRAM bitcell. The proposed
design is comprised a standard 6T SRAM bitcell and three
additional nMOS transistors (M7, M8 and M9) and a read
wordline (RWL) controlling the transistor M9 during read
operation. Additional three nMOS transistors in a standard 6T
SRAM are connected in such a way that they address the
problem of loss of stability at lower VDD and increased delay
with increase in bitcell ratio. Also proposed design employ
differential read operation for better read access time. The
bitline leakage current in the proposed 9T SRAM is reduced
significantly due to stacked combination of four transistors



Fig. 3. Schematic diagram of a proposed 9T SRAM bitcell.
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Fig. 4. Comparison of read SNM of a standard 6T and the proposed 9T for
a nominal bitcell-ratio.

(M2, M6, M8, M9 from BL or M1, M4, M7, M9 from BLB).
As a result it eliminates the limitation of the number of rows
or bitcell per bitline.

A. Read operation

An important parameter of SRAM bitcell is read stability. It
describes the ability of read operation without destroying the
stored information. Measuring the Static Noise Margin (SNM)
of an SRAM bitcell will give the metric of read stability.
Without loss of generality, we assume that ‘0’ is stored at
QB node and ‘1’ is stored at Q, as shown in Fig. 5. Both
bit lines are precharged to VDD . During read operation RWL
is activated and transistors M6 and M8 are turned on which
will form strong pull down compared with conventional 6T
SRAM. Strong pull down causes less resistance between data
storage nodes to ground, as a result, amount of raise in voltage
of node Q will be less. This gives considerable improvement
in read SNM. Simulation results show 36% improvement in
read SNM of the proposed design as compared to standard 6T
SRAM design, as shown in Fig. 4. The proposed design has
different bitcell ratios during read (Eqn. 1) and write (Eqn. 2)
operation, therefore, it avoids the conflicting read and write
requirement up to certain extent.

Fig. 5. Read equivalent diagram of a proposed 9T SRAM bitcell.
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For read operation ratio of W4/L4
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is kept constant,

while bitcell ratio is increased for improved read SNM by
varying the size of transistor M7 and M8 by ratio of W7

L7
=

W8

L8
, therefore, this ratio can be optimized separately for read

operation.

B. Write operation

The write operation in the proposed design is performed
similar to standard 6T SRAM by enabling the wordline (WL)
and disabling the read wordline (RWL). Under write operation,
transistor M7 and M8 will allow only small leakage current
because transistor M9 will be in the cut-off state. Therefore,
the bitcell ratio under write operation is given by Eqn. 2 and
it can be optimized separately for a target write access time,
however, read SNM can be improved by varying the size of
transistor M7 and M8 by ratio of W7

L7
= W8

L8
.

IV. PROCESS VARIATION AND VOLTAGE SCALABILITY

The variation in design and process parameters particularly
in threshold voltage (VTH) leads to a drametic loss of para-
metric yield of SRAM bitcell due to noise margins [4]. The
parametric yield of the standard 6T SRAM bitcell decreases
considerably as VDD is scaled down imposing lower bound
on VDD [12]. It is noted that read SNM, is one of the
major obstacles impending the VDD scaling. In order to
investigate the effect of process variations, 3000 Monte Carlo
(MC) simulations were preformed for 6T and the proposed
9T SRAM bitcells for read stability margins. We assumed a
15% variation in VTH with ±3σ Gaussian distribution as an
independent random variable for all the transistors in SRAM
cells (6T and 9T). We use, 32nm Predictive Technology Model
(PTM) models for low power applications incorporating high-
k/metal gate and stress effect [11]. Following technology
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Fig. 6. Distribution of read SNM of the proposed 9T SRAM bitcell for
VDD = 0.9V.
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Fig. 7. Distribution of read SNM of the standard 6T SRAM bitcell for
VDD = 0.9V.

parameters were used for simulation: VDD =0.9V, VTH0n

=0.63V, VTH0n = - 0.58V, TOXP =1.3nm and T=110 oC
Fig. 6 and 7 show the distribution of read SNM of the

proposed 9T and standard 6T SRAM bitcells, respectively,
for VDD = 0.9V . The mean value (μ) of read SNM of the
proposed design is 37% higher than the standard 6T SRAM
bitcell (i.e. 155mV against 113mV). The standard deviation
(σ) in the proposed design is about 54% less as compared to
standard 6T SRAM bitcell (i.e. 7.19mV against 11.03mV).
Therefore, the proposed design has better read SNM and
process variation tolerance as compared to standard 6T SRAM
bitcell.

The low voltage applicability of the proposed design is
compared at VDD = 0.4V . Fig. 8 and 9 show the distribution
of read SNM of the proposed 9T and standard 6T SRAM
bitcells, respectively. The mean value (μ) of read SNM of the
proposed design is 23% higher than the standard 6T SRAM
bitcell (i.e. 62.3mV against 50.6mV). The improvement in the
read SNM at lower voltage is not as good as it was at higher
VDDV , however, standard deviation in the read SNM of the
both the design is of the same order.

V. CONCLUSION

In this paper, a differential read and write 9T SRAM
bitcell is presented. The advantages of standard 6T such as
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Fig. 8. Distribution of read SNM of the proposed 9T SRAM bitcell for
VDD = 0.4V.
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Fig. 9. Distribution of read SNM of the standard 6T SRAM bitcell for
VDD = 0.4V.

differential read which provides lower read access time and
lower power consumption during read operation are preserved.
However, the conflicting read and write requirements with
the increase in bitcell ratio increases the read SNM, while
it deteriorates the write performance, is also addressed in this
design. The conflicting read and write problem is addressed by
providing a separate read wordline, however, proposed design
departs from the read SNM free SRAM designs those employs
the separate read and write ports. In these designs single ended
sensing is used which restrict the number bitcells per bitline.
The proposed design has better process variation tolerance and
voltage scalability as compared to standard 6T SRAM bitcell.
Therefore, the proposed design has significant potential for
reliable applications in the nano-regime.
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