
INTERNATIONAL JOURNAL OF INNOVATIVE TRENDS IN ENGINEERING (IJITE)                                                  ISSN: 2395-2946                                                                           
ISSUE: 74, VOLUME 50, NUMBER 01, FEBRUARY 2019  

          

          31 

Implementation of SRAM Association to Enhance 
Leakage Current 
Khushali Kamle1, Dr. Vikas Gupta2 

1Department of Electronics and Communication, TIT ,Bhopal, M.P India,  
1,2Department of Electronics and Communication TIT Bhopal, M.P India

Abstract-Today’s battery mobile applications demand for 
devices with low power, high dense and high performance. The 
VLSI industry is continuously following a down path for CMOS 
devices technology and as the technology scales down, the size 
of transistors has been shrinking. The number of transistors on 
chip has thus increased as a result of shrinkage in transistor 
size. Increase in number of transistor on chip increase the 
heating effect in the chip. To minimize this heating effect, the 
supply voltage, being one of the critical parameters, has also 
been reduced. Therefore, in order to maintain the transistor 
switching speed, the threshold voltage is also scaled down at the 
same rate as the supply voltage. However, aggressive scaling 
has resulted in devices with very low threshold voltage and very 
thin oxide layer.  

Keywords: Dynamic Threshold, Voltage Scaling, Transistor 
Stacking. 

I. INTRODUCTION 

A Very Large Scale Integrated (VLSI) chip consists of 
manyenergy storage elements, mainly capacitors, some 
that are required for computation(MOSFET device 
capacitances) and some that are a hindrance to circuit 
operation(parasitic capacitances). These capacitors are 
continually charged and dischargedthrough resistive 
elements during circuit operation, resulting in energy 
dissipationin the form of heat. The amount of heat 
dissipated puts a restriction on the computational 
performance of the circuit, or the number of times the 
transistors in thecircuit can switch for a given power 
budget. Although reduction in size of transistor reduces the 
parasitic capacitance of the transistor but reduction in 
power dissipation due to reduction in parasitic 
capacitances is overomed by the increase in power 
dissipation due to increase in device density [5]. 

In addition to shortened battery life for portable 
electronics, higher power consumption results in 
aggravated on-chip temperatures, which can result in a 
reduced operating life for the IC.For portable electronics, 
longer battery life is the most important design constraint. 
As a result, low power consumption becomes a crucial 
requirement for circuits used in portable electronics. In 
fact, the rapid growth in the demand forportable 
electronics is one of the major drivers that has forced 
semiconductor manufacturers to make conscious efforts to 
reduce power consumption. 

1.2 Classification of Power Dissipation 

Power dissipation in CMOS devices can be boardly 
classified in two catogries – active power and standby 
power as illustrated in Figure 1.4. Power dissipated during 
active state of devices is kwown as active power and 
power dissipated during idle state of devices is known as 
standby power. Active power can be further classified as – 
static power and dyanmic power. 

 

Figure 1.1 Classification of power dissipation 

II. LEAKAGE REDUCTION TECHNIQUES  

There are various leakage current reduction techniques for 
SRAM cell at either circuit level or architecture level 
which are based on the techniques such as multi threshold 
voltage, dynamic threshold, voltage scaling, and transistor 
stacking effect in CMOS circuits. These techniques reduce 
either active (dynamic and static) or standby power 
dissipation in SRAM cell [11]. 

2.1 Dynamic Vth SRAM 

The schematic of dynamic threshold voltage SRAM is 
shown in Figure 2.1. To reduce the sub threshold leakage 
current body biasing is used without loss in data stability 
[12]. A high Vth is used for SRAM cells which are not in 
use and low Vth is used for cells which are in frequent use.  
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Figure 2.1 Dynamic Vth SRAM 

However transition energy from low Vth to high Vth is 
larger than the leakage energy saved for one clock cycle, 
also the application of negative body bias increase the 
discharge time of bit lines. To overcome these problems a 
time based dynamic Vthscheme using capacitor discharge 
is used which is shown in Figure 2.2. 

 

Figure 2.2 Dynamic Vth control circuit 

In this scheme high Vth is assigned to SRAM cells which 
are not in use for a certain time period and low Vth is 
assigned to SRAM cell which are in frequent use. Time 
period can be changed by adjusting the vdischarge voltage 
[12]. 

2.3 Drowsy Scheme 

There are two mode of operation of SRAM cell. One is 
active mode (data is either read or write) and other one is 
standby mode when only data retention is required. In 
standby mode SRAM cell just act like a flip flop. This 
mode is also known as drowsy mode. In drowsy mode low 
supply voltage is required to retain the data stored. This 
scheme uses multiple supply voltage, normal supply 
voltage for active mode and reduced supply voltage is used 
for the drowsy mode [13]. Figure 2.3 shows a design of a 
drowsy cache. 

 

Figure 2.3 Drowsy Scheme for SRAM cell 

Here voltage converter along with two power switch is 
used to provide two supply voltages for SRAM cell.  

Switch capacitor (SC) converter is used as on chip standby 
VDD generator. Figure2.4 shows a N stage step down dc-
dc switch capacitor topology. 

 

Figure 2.4 Schematic of switch capacitor converter 

 The topology comprises a control element MC and N 
stages where N is equal to the number of capacitors in the 
circuit. Finally N can be recognized as the ratio of input 
voltage to the maximum output voltage. This topology 
works in two phase-charging and equalizing phase. During 
the charging interval MCand M2,3…..Nare turned on and 
M2,3….Nn and M2,3….Np are turned off. During the 
discharge interval M2,3….Nn and M2,3….Np are turned 
on and MCand M2,3…..Nare turned off. Device MCcan be 
implemented by an NMOS or a PMOS. But a PMOS is 
easy to drive. The semiconductor devices besides MC can 
be implemented by NMOS or a PMOS. However NMOS 
are easier to drive since their sources are connected to the 
relatively stable voltages established by the capacitors. 
Compared to other voltage regulator, SC converter 
provides higher efficiency, smaller output current ripple, 
and easier on chip integration. Power switches used have 
high threshold voltage to reduce leakage from normal 
supply voltage to standby voltage. This drowsy cache has 
reduced standby power dissipation due to reduction in rail 
to rail voltage in standby mode. However issues like power 
switches over head delay due to power switch resistance, 
memory wakeup delay and power penalty during mode 
transition are associated with this drowsy cache. But for 
today’s low power applications these issues are less 
important [14]. 

2.4 Asymmetric SRAM Cell 

Observations show that most of the bits in our data and 
instruction stream are zero. When 0’s is stored in the 
conventional SRAM the transistors M1, M4 and M6 
provide the leakage path. To reduce this leakage current 
transistors M1, M4 and M6 are replaced by high threshold 
voltage transistors shown in Figure 2.5(a). The SRAM cell 
configuration thus obtained will be asymmetrical as 
compared to conventional symmetrical SRAM cell having 
identical threshold voltage transistors. This asymmetric 
SRAM cell reduces the leakage power by a significant 



INTERNATIONAL JOURNAL OF INNOVATIVE TRENDS IN ENGINEERING (IJITE)                                                  ISSN: 2395-2946                                                                           
ISSUE: 74, VOLUME 50, NUMBER 01, FEBRUARY 2019  

          

          33 

factor when 0’s is stored and same leakage as symmetrical 
SRAM when 1’s is stored. Increase in threshold voltage of 
transistors M1, M4 and M6 will increase the read and write 
delay due to increase in discharge time of bit lines. By 
using the dummy bit lines we can reduce this delay. 
Another design shown in Figure 2.5(b) along with the 
reduction in leakage power when 0’s is stored also 
provides a significant reduction in leakage power when 1’s 
is stored [15]. 

 

Figure 2.5 (a) Asymmetric SRAM cell and 

2.5 Data Retention Gated Ground Scheme 

This scheme utilizes the concept of stacking effect of 
transistor which is explained below. 

2.5.1 Transistor Stacking Effect 

Sub-threshold leakage current flowing through a stack of 
series-connected transistors reduces when more than one 
transistor in the stack is turned off. This effect is known as 
the stacking effect.   

Due to the stacking effect, the sub-threshold leakage 
through a logic gate depends on the applied input vector. 
This makes the total leakage current of a circuit dependent 
on the states of the primary inputs. The most 
straightforward way to find a low leakage input vector is to 
enumerate all combinations of primary inputs. For a circuit 
with primary inputs, there are combinations for input 
states. Due to the exponential complexity with respect to 
the number of primary inputs, such an exhaustive method 
is limited to circuits with a small number of primary 
inputs. For large circuits, a random search-based technique 
can be used to find the best input combinations. This 
method involves generating a large number of primary 
inputs, evaluating the leakage of each input, and keeping 
track of the best vector giving the minimal leakage current. 
A more efficient way is to employ the genetic algorithm to 
exploit historical information to speculate on new search 
points with expected improved performance to find a near-
optimal solution. The reduction of standby leakage power 
by application of an input vector is a very effective way of 

controlling the sub-threshold leakage in the standby mode 
of operation of a circuit [16]. 

III. SRAM CELL ORGANIZATION 

Traditional SRAM is formed by group of six transistors 
along with a number of other peripheral devices such as 
row decoder, column decoder, sense amplifier, and write 
circuitry etc. [20] as shown in Figure 3.1. 

 

Figure 3.1 SRAM organization 

The row decoder and column decoder decodes the address 
of memory cell from where data has to read or to data has 
to written. Write circuitry writes the data provided by 
external devices and sense amplifier used to detect and 
amplify the small voltage difference between the bit lines. 

3.1 6T CMOS SRAM Cell 

A low power SRAM cell may be designed simply by using 
cross coupled inverters. The stand-by power consumption 
of the memory cell will be limited to relatively small 
leakage currents of both CMOS inverters. The only 
drawback of using the cross coupled inverters, is slightly 
larger area than that of the other alternatives (resistive 
load, depletion-load NMOS SRAM Cell). The circuit 
structure of full CMOS static RAM is shown in Figure3.2. 

 

Figure 3.2 6T CMOS SRAM Cell 
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The memory cell is consist of a simple CMOS latch (two 
inverters connected back to back), and two complementary 
access transistors (M3 and M4).the cell will preserve one 
of its two possible states, as long as the power supply is 
available. The access transistors are turned on whenever a 
word line is activated for read or write operation, and 
connect the cell to the complementary bit-line columns. 
The most important advantage of full CMOS SRAM Cell 
is that the static power dissipation is very small, and it is 
limited by the leakage current of the PMOS transistors.  

 

Figure3.3 Layout of full CMOS SRAM Cell 

4.3 CMOS SRAM Cell Design Strategies 

To determine the (W/L) ratios of the transistors in atypical 
CMOS SRAM cell as shown in Figure 4.2, a number of 
criteria must be taken into consideration. The two basic 
requirements which dictate the (W/L) ratios are: 

• The read operation should not destroy the stored 
information in the SRAM cell 

• The cell should allow modification of the stored 
information during the data write phase 

We used design parameter cell ratio equals to 1 and pull up 
ratio equals to 2.9. 

Static Noise Margin of 6T CMOS SRAM 

Stability of SRAM cell is measured in terms of static noise 
margin (SNM) of the SRAM cell. Static noise margin of 
SRAM cell quantifies the maximum amount of voltage 
noise that can be tolerated at the cross-inverters output 
nodes without flipping the cell.The graphical method to 
determine the SNM uses thestatic voltage transfer 
characteristics of the SRAMcell inverters. Voltage transfer 
characteristic(VTC) of one cell inverter is superimpose 
over the inverse VTC of theother cell inverter. The 
resulting two-lobed graph iscalled a "butterfly" curve and 
is used to determine theSNM [22]. We used MATLAB to 
obtain the inverse VTC of the inverter.SNMis defined as 

the side length of thelargest square that can be fitted inside 
the lobes of the"butterfly" curve. 

 

Figure shows “Butterfly” curve during Hold operation of 
6T SRAM Cell 

SNM calculation: We have done the SNM calculation 
bythis way with respect of above figure: 

Side of the Maximum Square =A=0.298788V=298.788 
mV, 

Lengths of diagonal of Square (D) = √ 2 * One side of the 
Square 

 =√2 * 298.788, SNM 

= D/ √ 2 =√2 * 298.788/√ 2 

 So, SNM =One of the side=A=298.788 mV. 

SNM Dependences 

For stability of the SRAM cell, good SNM is required that 
is depends on the value of the cell ratio, pull up ratio and 
also for supply voltage [22].  However driver transistor is 
responsible for70 % value of the SNM [23]. SNM is also 
related to the threshold voltages of the NMOS and PMOS 
devices in SRAM cells. Typically, to increase the SNM, 
the threshold voltages of the NMOS and PMOS devices 
need to be increased. However, the increase in threshold 
voltage of PMOS and NMOS devices is limited. The 
reason is that SRAM cells with MOS devices having too 
high threshold voltages are difficult to operate; as it is hard 
to flip the operation of MOS devices [23]. 

Impact of transistor width modulation  

Changing the Cell Ratio, we got different speed of SRAM 
cell. If cell ratio increases, then size of the driver transistor 
also increases, for hence current also increases. As current 
is an increase, the speed of the SRAM cell also increases. 
By changing the Cell ratio we got corresponding change in 
SNM for 90nm technology. 
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Technology(nm) CR SNM(mV) 

 
 

90nm 

0.8 295.203 
1 298.788 

1.2 303.73 
1.4 306.97 
1.6 309.88 

 

Figure shows Graphical representation of SNM Vs CR of 
the SRAM Cell 

Impact of supply voltage  

Figure shows the variation of “butterfly” curves for two 
supply voltages (VDD = 300mV and VDD = 100mV) 
during hold operation and it found that static noise margin 
(SNM) get reduced by lowering of power supply voltage. 

 

Figure “Butterfly” curve during Hold operation for two 
different power supply voltages 

Data Retention Voltage of CMOS SRAM Cell 

A cell is said to balance when it has identical left and right 
halves. With VDDscaling, the cell nodes Q and QB 
converge to a meta-stable point as a result of degraded 
gain, making the “0” and “1” states indistinguishable. The 
DRV defines the minimum VDD that can be applied to an 
SRAM cell without losing data. Since a cell can store 
either a “0” or a “1,” the actual DRV is computed as 
follows: 

Since DRV is the minimum VDD below which a cell 
cannot preserve its data, we can define DRV as the VDD 
at which SNM first equals zero in a noiseless system and 
SNM defines as the length of the largest squarethat can be 

embedded between the voltage characterizations curves 
(VTCs) of the two half-cells. Particularly, the largest 
square in the upper-left lobe is the SNMH, the noise 
margin for holding “0”; the one in the lower-rightlobe is 
the SNML, the margin for holding “1”. The actual SNM is 
computed as follows: 

SNM = min(SNMH, SNML)                                        

But when cell is balanced then SNMH = SNML [24]. We 
used second definition to calculate the DRV of SRAM cell 
and it is found to be 65mV as shown in Fig. 

 

Figure shows Variation of SNM with VDD to find DRV of 
SRAM Cell 

Read Margin of CMOS SRAM Cell 

Based on the VTCs, read margin is defines as the read 
stability of SRAM cell. We calculated the read margin 
based on the “butterfly” curve during the read operation 
based on the worst case SNM i.e. when the word-line is 
settled high and both bit-lines(BL and BLB) are still pre-
charged high. It is shown in the Figure  

 

Figure shows Comparison of SNM for HOLD and READ 
states 

Impact of transistor width modulation  

By changing the Cell Ratio and Pull up ratio, we got 
different speed of SRAMcell. If cell ratio increases, then 
size of the driver transistor also increases, for hence 
current also increases. As currentis an increase, the speed 
of the SRAM cell also increases. Similarly with increase in 
pull up ratio of SRAM cell current capability of SRAM 
cell also increased. By changing the Cell ratio and Pull up 
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ratio we got corresponding change in Read Margin for 
90nm technology. 

Techno 
logy 

CR Read 
Margin(mV) 

PR Read Margin 
(mV) 

 
 

90 
nm 

0.8 127.847 1.7 107.945 
1 133.38 2 111.482 

1.2 141.87 2.3 118.701 
1.4 150.01 2.6 125.775 
1.4 158.177 2.9 133.38 

 

Table showing Read margin Vs CR and PR 

Impact of supply voltage 

Similar to SNM for hold state read margin also decreased 
with reduction in power supply voltage. Figure 4.12 shows 
the variation of “butterfly” curves for different supply 
voltages during read operation. 

 

Figure shows “Butterfly” curve during Read operation for 
different power supply voltages 

Write Margin of CMOS SRAM Cell 

Write margin quantifies the stability of RAM cell during 
the write operation. Smaller the value of write margin, 
harder it is to write the cell. Therefore, along with higher 
SNM and read margin SRAM cell should have higher 
write margin. There are various ways to calculate the write 
margin of the SRAM cell such as “butterfly” curve 
approach, bit line sweeping, Word-line sweeping and use 
of the N-curve approach [25]. We calculated the write 
margin of the SRAM cell using the bit-line sweeping 
method. The 6T SRAM cell is configured as shown in the 
Figure for a write ‘1’ case 

 

Figure shows Circuit for sweeping BL to get write margin 

Thevoltage of BLB (the bit-line connected to the node 2) is 
swept downward during simulation. The write margin 
isdefined as the BLB value at the point when Q and QB 
flip, which we called VBL and it is found to be 115.3mV 
for write ‘1’ case and 206.7mv for write ‘0’ case. 

 

Figure show sNode voltage Vs Bit-line voltage 

 

Figure shows Node voltage Vs Bit-line voltage 

Impact of transistor width modulation 

 By changing the Cell ratio and Pull up ratio we 
got corresponding change in Write Margin for 90nm 
technology. It is found that with increase in cell ratio write 
margin of SRAM cell decrease and with increase in Pull 
up ratio it increases. 

Technology CR Read 
Margin(mV) 

PR Read 
Margin 
(mV) 

 1.0 115.3 2 142.3 
1.3 102.9 
1.6 98.87 2.3 145.4 
1.9 88.8 2.6 160.7 
2.2 81.5 2.9 167.2 

 

Table Write margin Vs Cr and PR 
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Figure (a) Write margin Vs Cell ratio 

 

Figure (b) Write margin Vs Pull up ratio 

Proposed Work 

Our proposed work includes the benefits of both Drowsy 
scheme and Dynamic Vthcontrol scheme. A SRAM cell 
which is not accessed for a certain time period will be 
assigned high Vth and reduced stand-by voltage, and 
SRAM cell which is in frequent use will be assigned low 
Vth and normal VDD.Figure shows the schematic and 
waveforms of a time based scheme, used to do this job. 

 

Figure shows Schematic diagram of proposed technique 

 

Figure WL, Vcap, Vsub and Vddc voltage waveforms for 
the control circuit 

The circuit consists of an RC decay circuit, a level 
converter to adjust the logic levels, and Vsub and Vddc 
switches which drive the body terminals and power supply 
voltage terminal of SRAM cell. When the word line is 
activated, Vcap is charged, immediately switching Vsub to 
0V and Vddc to 1V, making SRAM low Vth and will be in 
active mode. Vcap starts discharging after some decay 
time which depends upon the RC value and Vdischarge 
voltage, Figure (a) and (b) show variation of decay time 
for width of MOS-capacitor and Vdischarge voltage 
respectively. However SRAM cell is accessed before this 
delay time, Vsub and Vddc will continue to remain at 0v 
and 1V respectively. 

 

Figure (a) Decay time Vs width of MOS capacitor 

 

Figure (b) Decay time Vsv discharge voltage 

In stand-by mode SRAM cell just acts like a flip flop and 
used only to preserve the data stored. So we can reduce the 
power supply to data retention voltage (DRV) to minimize 
the power dissipation. However in an actual 
implementation, reducing VDD al the way to DRV is not 
really a good option, as other mechanism such as noise on 
power supply voltage may disrupt the state of memory 
cell. To offset these effects, an appropriate noise margin 
has to be provided. We provide a guard band of 135mv 
above DRV (=65mV) and used five stage switch capacitor 
converter [14] to convert VDD of 1V to 200mV. Figure 
shows the schematic of switch capacitor converter and its 
output. 
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Figure  (a) Schematic of five stage switch capacitor DC to 
DC converter 

 

Figure  (b) output of five stage switch capacitor DC to DC 
converter 

Because of the parasitic resistances, output voltage 
contains discontinuities and these discontinuities are 
responsible for ripple present in the output voltage [14]. 
Figure shows the voltage ripples of output voltage. 

 

Figure shows  Ripple voltages of output voltage of five 
stage SC converter 

Conclusion: Power waveforms show that there is 
consumption of power when there is no initialization of 
SRAM cell. The read, write and data retention are 
happening correctly for all the techniques applied to 
SRAM cell. Table compares all the techniques for average 
power dissipation and delay of SRAM cell. 

Technique Average power 
dissipation(W) 

Delay(ps) 

‘0’ 
Case 

‘1’ 
Case 

Read 
‘0’ 

Write 
‘0’ 

Simple 6T 
SRAM 

4.19e-
08 

1.23e-
06 

942.935 27.2 

DRG 
Scheme 

3.61e-
08 

6.85e-
07 

952.766 30.181 

Asymmetric 
SRAM 

3.19e-
08 

4.565e-
07 

967.49 31.357 

Dynamic 
Vth SRAM 

4.07e-
08 

1.08e-
06 

943.125 28.057 

Drowsy 
Scheme 

3.45e-
08 

2.13e-
07 

3680.73 197.321 

Proposed 
technique 

2.38e-
08 

6.87e-
08 

4625.89 376.452 

Table shows Comparison of leakage reduction techniques 

IV. CONCLUSION 

After multiple iteration it is found that DRG technique 
significantly reduce the leakage current but voltage level at 
node storing “0” get strapped to small positive value and a 
small noise can destroy our data stored. It also found that 
by varying the sizing of gated ground transistor the data 
retention capability of SRAM cell varies along with the 
variation in leakage power saving. However DRG with 
clamp diode beside the significant reduction in leakage 
current also improves the noise immunity of SRAM cell. 
Leakage power saving and small magnitude of strap 
voltage depend on the threshold voltage of the MOSFET 
used for diode. By making the SRAM cell asymmetric we 
were able to reduce the average power dissipation with 
little increase in delay. Performance of SRAM cell is not 
affected by using the dynamic Vthcontrol scheme since 
most of the access will be on low Vth SRAM. Leakage 
energy is saved for the SRAM cells which are in idle 
mode. 

Drowsy scheme applied to SRAM also saved the leakage 
energy but small loss in performance. As it is clear from 
the table that proposed technique is most efficient in terms 
of leakage energy saving. But its performance gets reduced 
due to memory wake up delay. This wake up delay 
incurred due to switching of supply voltage from the stand-
by mode to the full VDD mode. But targeted for ultra low 
power applications, system requirement for this design are 
much more stringent on power than performance. While all 
approaches generally involve significant tradeoff between 
leakages saving and performance, future work will be 
focused on exploiting design techniques to achieve even 
lower power and higher reliability in memory design. 
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