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Abstract- This paper aims at designing SRAM memories with less power dissipation by reducing gate leakage current and 
sub threshold leakage current. The IWLVC cell structure results in reduced gate voltages for the NMOS pass transistors, and 
thus lower the gate leakage current. It reduces the sub-threshold leakage current by increasing the ground level during the idle 
(inactive) mode. The PPSRAM cell structure makes use of PMOS pass transistors to lower the gate leakage current. The 
SKPP-SRAM cell structure uses the Sleepy Keeper transistors which reduces the Static Power of the circuit. Compared to a 
conventional SRAM cell, the IWLVC cell structure decreases the total gate leakage current and also the idle power and 
increases the access time while the PPSRAM cell structure reduces the total gate leakage current and the idle power but with 
no access time degradation. SKPP-SRAM reduces the Static Power of the circuit 
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I. INTRODUCTION 
 

Power dissipation is one of the major concerns when 
designing a VLSI system. Until recently, dynamic 
power was the only concern. However, as the 
technology feature size shrinks static power which 
was negligible before, becomes an issue as dynamic 
power. Since static power increases dramatically 
(indeed, even exponentially) in Nano scale Silicon 
VLSI technology, the importance of reducing leakage 
power consumption cannot be overstressed. 

 
One of the main reasons causing the leakage power 

increase is increase of sub-threshold leakage power. 
When technology feature size scales down, supply 
voltage and threshold voltage also scale down. 
Sub-threshold leakage power increases exponentially 
as threshold voltage decreases. Furthermore, the 
structure of the short channel device lowers the 
threshold voltage even lower. 
 

Static random-access memory (SRAM) is a type of 
semiconductor memory that uses bistable latching 
circuitry to store each bit. It can retain data 
indefinitely as long as electrical power is available to 
the chip. SRAM does not need to be refreshed as the 
transistors inside would continue to hold the data as 
long as the power supply is not cut off. This behavior 
leads to a few advantages, not the least of which is the 
much faster speed that data can be written and read. 
 
NC-SRAM 
 
The NC-SRAM design, whose circuit diagram is 
shown in Fig.1, employs dynamic voltage scaling to 
reduce the leakage power of the SRAM cells while 
retaining the stored data during the idle mode.  
 
 

 

 
Fig 1: Schematic of NC-SRAM 

 
The key idea behind NC-SRAM is the use of two pass 
transistors NC1 and NC2 which provide different 
ground levels to the memory cell in the active and idle 
modes. The positive voltage (virtual ground) reduces 
the gate leakage and sub-threshold currents of the cell 
while degrading the read and write performances.  
 

Using dual-gate oxide thicknesses is another 
approach for reducing the gate leakage current in the 
SRAM cell. Indeed, the cell stability is improved at the 
cost of increasing the cell area. 

The increasing speed and complexity of 
today’s designs implies a significant increase in the 
power consumption of very-large-scale integration 
(VLSI) chips. To meet this challenge, researchers 
have developed many different design techniques to 
reduce power. The complexity of today’s ICs, with 
over 100 million transistors, clocked at over 1 GHz, 
means manual power optimization would be 
hopelessly slow and all too likely to contain errors. 
 
The power consumption of digital CMOS circuits is 
generally considered in terms of three components: 
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The dynamic power component, related to 
the charging and discharging of the load capacitance 
at the gate output. 

The short-circuit power component, During 
the transition of the output line (of a CMOS gate) from 
one voltage level to the other, there is a period of time 
when both the PMOS and the NMOS transistors are 
on, thus creating a path from VDD to ground. 

The static power component, due to leakage, 
that is present even when the circuit is not switching. 
This, in turn, is composed of two components - gate to 
source leakage, which is leakage directly though the 
gate insulator, mostly by tunneling, and source-drain 
leakage attributed to both tunneling and sub-threshold 
conduction. The contribution of the static power 
component to the total power number is growing very 
rapidly in the current era of Deep Sub-Micrometer 
(DSM) Design. 
 
II. LOW GATE LEAKAGE SRAMS CELLS 
 
A.       IWLVC SRAM 

The initial configuration of the proposed 
SRAM cell is called word line-voltage control 
(WL-VC) SRAM cell. In this cell, a pass transistor P3 
is added to the NC-SRAM cell to reduce the gate 
voltage of the N3/N4 pass transistors. This leads to the 
reduction sub threshold currents in the idle mode. In 
the active mode, WL is “1,” and the grounded gate 
PMOS transistor P3 is ON, and hence, “1” is applied 
to the gates of transistors N3 and N4 while Vss is 
applied to the sources of transistors N1 and N2. Thus, 
compared to the conventional SRAM cell, the absolute 
values of the gate- drain and the gate-source voltages 
of N4 and the gate-drain voltage of N3 decrease from 
Vdd to Vth while the gate-source voltage of N3 is Vth 
- Vs. Consequently, the gate currents of transistors N3 
and N4 is lowered. When the cell is storing “1,” a 
similar gate current reduction is achieved. 

Therefore, compared to the conventional 
SRAM, no change in the SRAM cell occurs. When the 
SRAM cell changes from the active mode to the idle 
mode, WL changes from “1” to “0” causing the source 
voltage of P3 to change from Vdd in the active mode to 
a voltage higher than “0” (the PMOS threshold 
voltage, Vth) in the idle mode. 

 
 

Fig 2: Schematic of IWLVC SRAM 

This causes the gate voltages of N3 and N4 to 
increase to Vth as well. Furthermore, the sources of 
N1 and N2 are connected to Vs through NC1. Now, 
considering the case where a “0” is stored in the cell, 
Vout increases to Vs, and DWL increases to Vth. To 
improve the timing performance of the WL-VC 
SRAM cell, instead of using WL and /WL in the 
WL-VC SRAM cell, we use SL and /SL signals to 
change the ground level sooner during the active 
mode. Fig 2 shows the new SRAM cell which is called 
the improved WL-VC SR. In the read/write mode, WL 
(word line) and SL (select line) are high while in the 
idle mode, WL and SL are “0.” In this configuration, 
the SL is always activated before WL is activated.  

 
The first control signal is used during the 

operation for activating SL whereas WL is activated 
similar to the conventional SRAM cell. To generate 
the first control signal, the signal Read and /W are 
used in the SRAM read and the write circuitry .In the 
write mode, when W is activated, the data is applied to 
the SRAM cell while in the read mode when Read is 
activated, the SRAM cell is ready for the read 
operation. 

For both read and write operations, WL is 
activated after /W and Read signals are activated, and 
hence, the size of NC2 need not be very large in order 
to prevent the speed degradation of the read and write 
operations.  
 
B. PP-SRAM CELL 
 

A gate leakage current reduction method 
based on PMOS Pass-transistor SRAM structure 
which is illustrated in Fig.3. In order to decrease the 
gate leakage currents of the SRAM cell, NMOS 
transistors N3 and N4, are replaced by PMOS 
transistors P3 and P4. In the active mode, WL is held 
at “0” to turn on the two pass transistors. In the idle 
mode, WL is charged to Vdd so that the two PMOS 
pass transistors are OFF, isolating the PP-SRAM cell 
from BL and BL. The use of PMOS pass transistor, 
however, may lead to performance degradation due to 
different mobility coefficients for the NMOS and 
PMOS transistors. To overcome this problem, the 
width of PMOS pass transistor is selected as 1.8 times 
of that of the NMOS for the technology used in this 
work. The ratio was obtained using T-SPICE 
simulations for having the same transient 
characteristics for both types of transistors. 
 

In the proposed SRAM cell design, PMOS 
transistors with high threshold voltage (Vth=-0.26 V) 
and NMOS transistor with typical threshold voltage in 
45-nm technology (Vth = 0.22V) are used In order to 
reduce the negative impact of high threshold voltage 
on the speed of the PP-SRAM, a forward body biasing 
method is used. 
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Fig 3: PP-SRAM cell (holding “0”) with gate leakage currents 

 
Similar to IWL-VC SRAM cell, the select 

line (SL) signal is used to switch between the two body 
bias voltages.. Since SL is activated before WL is 
activated for the read/write operation, the timing 
performance deterioration is prevented. It is important 
to point out that due to the use of the PMOS 
transistors, there is an increase in the dynamic power 
of the cell which is consumed during the read and 
write operation.    

Since static power is much more important 
than dynamic power in large memories. In addition, 
the static power consumption induced by the two new 
inserted PMOS transistors (P5 and P6) is small 

 
 In IWL-VC SRAM gate leakage reduction is 
reduced but increases the access time, PP-SRAM gate 
leakage reduction is reduced without change in access 
time. 
 
C. SK-PPSRAM CELL 

In this section, a new SK-PPSRAM is 
designed and results in less static power dissipation 
when compared to that of NC-SRAM, 
IWLVC-SRAM, and PP-SRAM. Sleepy Keeper 
transistors are inserted in the PP-SRAM cell which 
results in static power reduction when compared tio 
that of other SRAM cells.  

 
 

Fig: 4 Schematic of SK-PPSRAM 

The sleep transistor is turned on when the circuit is 
active and turned off when the circuit is in idle state 
with the help of sleep signal. This creates virtual 
power and ground rails in the circuit. The sleepy 
keeper –PPSRAM (SK-PPSRAM) schematic is shown 
in figure 4. 
 
III. RESULTS AND DISCUSSION 
 
 The Static Power reduction is obtained for 
9TSRAM, NC-SRAM, IWLVC SRAM, PP SRAM 
when compared to conventional SRAM cell. The 
results are shown in the figure 5. 
 

   
  

Fig 5: Power dissipation of SRAM cells at  250c, 500c, 1000c 
 

The Read and Write delays can be observed 
in the Figure 6 and the tabular representation is shown 
in Table I. The Read time of 6Tsram is small when 
compared to that of NC sram and IWLVC sram cell. 
The read time of 6Tsram cell and PP sram cell are 
similar to each other 

 
 (a) 

 

 
 (b) 

 
Fig: 6 (a) Read time and (b) Write time of SRAM cells 
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The write delay of NC sram cell and IWLVC 
sram cell are more when compared to that of the 
6Tsram cell. 6T sram cell and PP sram are having 
similar write delay. 

 
TABLE I  

READ AND WRITE DELAY AND STATIC POWER FOR 
EACH PROPOSED CELL COMPARED TO THOSE OF THE 

SK -PP SRAM CELL 
 

 

 

 
Fig: 7 Experimental Methodologies 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

CONCLUSION 
 

In this paper, two new structures for the 
SRAM cell called IWL-VC SRAM, PP-SRAM, 
SKPP-SRAM cells were presented. The first cell 
structure lowered the gate current leakage of the cell 
and, hence, the static power dissipation of the memory 
with a minimum impact on the area. In the second cell 
structure reduced sub-threshold currents. In the 
PP-SRAM cell, the gate leakage current was reduced 
and also the total static powers while the read and 
write access times were not degraded. In the 
SKPP-SRAM cell the static power can be reduced 
when compared to that of considered above two cell 
structures.  
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45nm Static 
Power 

Dynamic 
Power Read Time WriteTim

e 

6TSRAM 1.7221E-0
5 1.2718E-04 7.8249E-12 7.1922E-0

11 

NCSRAM 1.0965E-0
5 1.3184E-04 1.3516E-11 1.3999E-0

10 

IWLVC 3.7700E-0
6 1.6550E-04 9.4992E-12 7.6308E-0

11 

A-SRAM 4.7214E-0
6 1.2224E-04 1.0543E-11 8.3182E-0

11 

PP-SRAM 5.1196E-0
6 1.6296E-04 4.6878E-01

2 
6.3958E-0

11 
SK-PPSRA

M 
4.1906E-0

7 1.1949E-04 4.6047E-12 7.7240E01
1 


