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Abstract—  The modern high-performance portable
communication devices are the key to make the world more
inclusive than before. There is a great demand for high-
performance SOC inside the high-performance portable devices.
According to ITRS and current research, on chip memory
technology plays a great role in the SOC performance. Hence
enhancing on-chip memory performance will lead to
performance enhancement of the device. A novel SRAM cell is
designed which reduces the total power consumption by 15.33%.
It also increases the write-ability by 63.61% with respect to the
conventional 6T-SRAM cell. It blocks the short-circuit current
during state transition to reduce the dynamic power
consumption. During a write operation, it initiates the feedback
loop process for data latching, earlier than the 6T-SRAM cell
which increases the write-ability of the proposed cell by a large
amount. A thorough analysis about power consumption, write-
ability and physical layout design of the proposed cell array is
carried out and compared with that of a conventional 6T-SRAM
cell array.

Index Terms— Short-circuit current, Low power, Dynamic
power, N-Curve, SVNM, SINM, SPNM, WTV, WTI, WTP

1. INTRODUCTION

The adoption of moor’s law by the semiconductor industry
has become a boon to the SOC designer as more the device
size shrinks more will be the integration and more will be the
functionality that can be embedded into the SOC [1]. As per
recent studies memory block plays an important role in the
SOC design as it occupy a large portion inside the SOC. So the
performance of the memory block has to be enhanced at par
with that of the rest part of SOC. Power consumption, data
integrity and area consumption are the mostly focused
performance indices of the SOC which are contradictory to
each other unfortunately.

As SRAM cell is designed with minimum possible feature
size further scaling of it escalates its issue of conflicting
behavior between read stability and write-ability. Hence during
SRAM cell design maintaining data stability, write-ability
along with power reduction is of high importance.

A seven transistor based SRAM cell, the current-controlled
SRAM cell (CC-SRAM) is designed and presented in this
paper which reduces the total power consumption in
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comparison to the conventional 6T-SRAM cell as well as
increases the write-ability of the cell.

The rest of the paper is described as mentioned. The
proposed SRAM cell is described in section II. The
comparative performance analysis is carried out in section III.
The physical layout design is described in section IV. Finally
section V represents the conclusion of the work.

II. THE PROPOSED SRAM CELL

The proposed CC-SRAM cell is shown in Fig. 1. It consists
of NM1-PM1 and NM2-PM2 transistors which forms the basic
cross coupled inverter pair. NM3 and NM4 are two access
transistors connected to the inverter pair for data extraction to
the bit lines. NMS5 is connected to the source of NM1 and
NM2 and its gate is supplied with a controlled gate voltage to
restrict the current flow through it.

The proposed cell has two
conventional 6T-SRAM cell.

¢ Enhancement of write-ability
e Reduction of power consumption.

advantages over the

A. Write Ability Enhancement of CC-SRAM Cell
The write operation is apparently a two-step process.

Step 1: First one of the bit lines is dragged to ‘0’ from its
initial pre-charged value by the write-driver circuit. When the
bit-line is dragged to ‘0’ it also drags the corresponding
internal data node of the enabled SRAM cell towards ‘0’.

Step 2: When this data node voltage goes lower than the
switching threshold voltage of the other cross-coupled
inverter, the feedback loop operation begins and then the
latching of the data take place.

Let the time consumed in step 1 is denoted by T iscarge and
the time consumed by step 2 is denoted by T,csp- The process
variation in high frequency operation increases Ticrarge
beyond the word-line activation period (T,;) which leads to a
write-failure. For a successful write operation the summation
of Tyischarge A0 Tygyepup should be at most the T, [2].



Fig. 1 shows the schematic of a CC-SRAM cell which stores
a1l at ‘Q’ node and 0 at ‘QB’ node. To write a 0 to ‘Q’ node,
the initially pre-charged bit-line ‘BL’ has to be dragged to 0
and ‘BLB’ has to be fixed at VDD. As per the stored data
initially the NM1 is off and NM2 is on. Since NM2 is on
initially the pre-charged bit line ‘BLB’ tries to elevate ‘QB’
node as well as the ‘X’ node by a little amount. This elevated
‘X’ node will come back to its original position after NM1
start conducting. So the ‘X’ node gets a temporary glitch
during the state transition which can be marked from Fig. 3.

During the write operation the ‘Q’ node is discharged to 0.
Since the ‘X’ node is temporarily increased during state
transition, the Vgg of NM2 is less, in comparison to that in the
case of a 6T-SRAM. Hence the NM2 stops conduction earlier
and the feedback loop operation also starts earlier with respect
a 6T-SRAM cell. This provides a higher probability of the
summation of Tyicharge aNd Tigrenyy to be smaller than the T,
Hence write-ability of the proposed SRAM cell increases than
the conventional 6T-SRAM cell.
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Fig. 1. Proposed CC-SRAM cell topology.
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Fig. 2. Short circuit current during state change.

B. Reduction of Dynamic Power Consumption

During any dynamic operation a significant amount of
power is wasted through the unavoidable short-circuit current.
This is because of the fact that both pull-up and pull-down side
transistor conducts in the interval between tl to t2 as shown in
Fig. 2 [3]. The dynamic power can be lowered by temporarily
reducing the Vg of the transistors undergoing state change. As
the node ‘X’ voltage is elevated temporarily during state
transition the Vg, of NM2 decreases. This reduces the short-
circuit current of NM2 which leads to the reduction of the
dynamic power consumption.

III. COMPARATIVE PERFORMANCE ANALYSIS

A SRAM array using the proposed SRAM cell was designed
using Complimentary MOS technology. The memory block is
simulated in cadence analog design environment at room
temperature (27°C) and using a power supply of 0.8V.

The conflicting nature between read stability and write-
ability of the SRAM cell requires a careful selection of
transistor size. During a read process the pre-charged bit lines
tries to elevate the node containing ‘0. If this elevated voltage
increases than the switching threshold voltage of the other
cross-coupled inverter than the stored data may flip
erroneously. To avoid such situation the access transistor
resistance should be kept more than the pull-down transistors
resistance [4-6]. Keeping the above fact in mind the width of
the pull-up transistors and access transistor are taken as
120nm. The width of the pull-down transistors and NMS5 are
taken as 240nm and 180nm respectively. The lengths of all the
transistors are taken to be the minimum value as 100nm. The
NMS is provided a gate voltage of 500mV which keeps a
balance between the read stability and write-ability.

A. Performance Enhancement in Term of Power

The SRAM array is accessed at a frequency of 1GHz and its
transient analysis output is provided in Fig. 3. From the figure
it is found that a ‘0’ and a ‘1’ are written to the cell at Ins and
3ns respectively. Similarly the data is read out at 2ns and 4ns
respectively. The power consumption of the SRAM cell for a
simulation window from Ins to 5ns is shown in Fig. 4. The
power consumption during dynamic operations such as the
read and write are added up and termed as total dynamic
power. The power consumption during the stable interval are
added up and termed as total static power. The dynamic and
static power of the proposed cell is estimated and compared
with that of the conventional 6T-SRAM cell. The power
consumption of the 6T-SRAM cell is shown in Fig. 5. The
comparison of power consumption is shown in Table I. from
Table I it is found that the total power consumption of CC-
SRAM cell is 15.3% lesser than the 6T-SRAM cell.

The power consumption during write operation decreases
drastically which can be marked from Table I. This is because
of the rise in node ‘X’ voltage from 0 to 191.232mV during
the state transition (refer Fig. 3) which blocks the short-circuit
current through the pull-down transistor.



TABLE I

POWER CONSUMPTION OF DIFFERENT SRAM CELLS DURING 1GHZ ACCESS
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Fig. 3. Transient analysis of CC-SRAM cell at high frequency.
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Fig. 5. Power consumption of 6T-SRAM cell during 1GHz access

importance as that of the power consumption. The two most
commonly used techniques for stability measurement are Static
Noise Margin (SNM) [7] and N-curve method [8]. There is no
inline tester in SNM technique which is a major drawback of it
[9]. N-curve is a simple technique which measures both the
voltage and current information about the stability and write-
ability of the SRAM cell with less effort.

There are four important parameters of N-Curve. The static
voltage noise margin (SVNM) and static current noise margin
(SINM) represents the stability of the SRAM cell. The write
trip voltage (WTV) and write trip current (WTI) represents the
write-ability of the SRAM cell. SVNM is the maximum input
voltage which can flip the state of the cell. The maximum DC
current that can be fed to the SRAM cell before flipping the
state is known as SINM. The voltage required for writing a
data to the cell is termed as WTV. WTI is the maximum trip
current during the cell write when both lines are kept at V y.

For higher write-ability the WTV and WTI should be less.
WTP which is the area under the curve from point B to C of
the N-Curve (shown in Fig. 6) should be less for better write-
ability. Similarly SPNM which is the area under curve from
point A to B of the N-curve should be more for better stability
[10].

The N-Curve for the CC-SRAM and 6T-SRAM are shown
in Fig. 6 and 7 respectively. The N-Curve analysis shows that
the SVNM and WTYV of both the cell are nearly equal. But the
SINM and WTI vary significantly. The SPNM of the proposed
CC-SRAM cell decreases by 22.795% whereas the write-
ability enhances by 63.610% which is a great enhancement in
write-ability.

The improvement in write-ability is explained as follows.
The ‘X’ node is raised to 191.232mV during the middle of
state transition which can be found from Fig. 3. The increase
in ‘X’ node voltage decreases the V4 of NM2 which stops its
conduction earlier. So the feedback loop operation starts
earlier. This phenomenon can also be marked from Fig 8. Fig.
8 shows that in a CC-SRAM cell the feedback loop operation
starts at 1.054ns when the ‘Q’ node is discharged up to
324.694mV. But Fig 9 shows that in 6T-SRAM cell the
feedback loop operation starts at 1.070ns when the ‘Q’ node is
discharged up to 252.394mV. Hence the write-cycle is finished
within less time in CC-SRAM cell in comparison to 6T-SRAM
cell. So the write-ability of the proposed CC-SRAM cell is
much higher than the 6T-SRAM cell



TABLE II

N-CURVE ANALYSIS OF DIFFERENT SRAM CELLS
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Fig. 8. Data write in case of the proposed CC-SRAM cell
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V. CONCLUSION

A novel seven transistor based SRAM cell is designed using
GPDK technology library. An array of this SRAM cell is
designed and simulated at a frequency of 1GHz. Cadence
analog design environment was used for the simulation
purpose.

The cell has two advantages over 6T-SRAM cell. It reduces
the total power consumption by 15.33% in comparison to 6T-
SRAM cell. This is done by blocking the short-circuit current
during state transition.

Secondly it increases the write-ability of the proposed CC-
SRAM cell by 63%. This is achieved by starting the feedback-
loop operation earlier than that in the 6T-SRAM cell.

The physical layout of the array of the proposed and
conventional SRAM cells is designed and presented. The
layout is designed such that they can share a single common
node between each other which reduces area occupancy.

REFERENCE

1. A. Goel, R.K. Sharma, and A.K. Gupta, "Process variations
aware area efficient negative bit-line voltage scheme for
improving write ability of SRAM in nanometer
technologies," IET Circuits, Devices & Systems, vol. 6, no.
1, pp. 45-51, Jan 2012

2.S. Mukhopadhyay, R.M. Rao, Kim Jae-Joon, and Chuang
Ching-Te, "SRAM Write-Ability Improvement With
Transient Negative Bit-Line Voltage," IEEE Transactions on
Very Large Scale Integration (VLSI) Systems, vol. 19, no. 1,
pp- 24-32, Jan 2011

3.P.K. Rout, D. Nayak, and D.P. Acharya "A novel low power
3T inverter," in proc. of the IEEE Int. Conference on
Advanced Electronic Systems (ICAES), 2013 , vol., no., pp.
221-224, Sep 2013

4.J. M. Rabaey, A. Chandrakasan, and B. Nikolic, “Digital
Integrated Circuits,” Pearson 2003, pp. 658-659

5.M. M. Khellah, A. Keshavarzi, D. Somasekhar, T. Karnik,
and V. De, “Read and write circuit assist techniques for

of dense 6T SRAM cell,” in Proceeding of

International Conference on Integration Circuit Design
Technology, pp. 185-189, Jun. 2008

6.S.K. Gupta, J.P. Kulkarni, and K. Roy, "Tri-Mode
Independent Gate FinFET-Based SRAM With Pass-Gate
Feedback: Technology—Circuit Co-Design for Enhanced Cell
Stability," IEEE Transaction on Electron Devices, vol. 60,
no. 11, pp. 3696-3704, Nov 2013

improving V'

ccmin

7.E. Seevinck, F. J. List, and J. Lohstroh, "Static-noise margin
analysis of MOS SRAM cells," IEEE Journal of Solid-State
Circuits, vol. 22, No. 5, pp. 748-754, Oct 1987

8. M. Samson, and M.B. Srinivas, "Analyzing N-Curve
Metrics for Sub-Threshold 65nm CMOS SRAM," 8th IEEE
Conference on Nanotechnology, 2008, pp.25-28, 18-21 Aug
2008



9.E. Grossar, M. Stucchi, K.Maex, and W. Dehaene, “Read Conference on Electronics and Communication Systems
Stability and Write-Ability Analysis of SRAM Cells for (ICECS), pp. 1-5, Feb 2014
Ngnometer Technologies,” IEEE Journal of Solid-State 11.Y. Morita, H. Fujiwara, H. Noguchi, Y. Iguchi, K. Nii , H.
Circuits, vol. 41, no. 11, pp. 2577-2588 Nov 2006 . . . .
Kawaguchi, and M. Yoshimoto, “An area-conscious low-
10.D. Nayak, D.P. Acharya, P.K. Rout, and K.K. Mahapatra, voltage-oriented ~ 8T-SRAM  design  under DVS
“Design of Low Leakage and High Writeable Proposed environment,” in Proceeding of Symposium on VLSI
SRAM cell Structure,” in proc. of the IEEE International Circuits, pp. 256 -257, Jun 2007



