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Abstract—  Now-a-days static random access memory (SRAM) has seen a remarkable and rapid progress in power reduction. 
Improvement in technology scales down the channel length of MOSFET’s which in turn increases the SRAM stability. SRAM 
design is crucial since there is strong demand for low speed, low leakage, low power and low noise margin in memory thus it is 
intentionally built using CMOS circuit design. This paper proposes SRAM cell using Super Cutoff CMOS (SCCMOS) and 
Drowsy Cache concept which reduces the active and standby mode power consumption by enhancing the data stability and 
read speed. Proposed SRAM cell consists of transmission gate which enables rail to rail swing, Sleep Stack with Keeper 
Approach. SRAM cell performance depends upon SNM (signal to noise margin) which is improved with the use of 
transmission gate. Observation is mainly focused on parameters like Read and Write Delay, Average Power, Leakage Power 
and PDP (power delay product). Proposed SRAM gives 40-60% reduction in Leakage Power Consumption considering power 
supply voltage of 1.8V and 10-20% decrease in read and write delay. SRAM Architecture with its peripherals is designed, 
analyzed and implemented in standard gpdk 180nm technology library using Cadence tool. 
 
Index Terms—Drowsy Cache Concept, MTCMOS, SCCMOS, Transmission Gate. 
 
I. INTRODUCTION 
 
With the recent advancement in VLSI technology, 
high speed SRAM is the primary requirement of 
industry. Memory is the major component of a chip 
and SRAM is used as a cache memory as it is the basic 
memory part which play vital role in execution of data. 
SRAM is a non-volatile memory as the content will 
last until the power supply is provided so reduction of 
power in SRAM is important and cannot be neglected. 
Several techniques have been proposed to reduce the 
power consumption in stand-by mode and active 
mode. 
Leakage in SRAM cell is mainly due to sub-threshold 
parameter and efforts have been carefully introduced 
to overcome through it. In deep submicron 
technology, Reduction in leakage power will 
automatically enhance the speed in the SRAM cell. 
This paper aims to propose the design of SRAM 
memory architecture using Schematic Editor Virtuoso. 
Peripheral Circuits like Write driver circuit, 
Pre-charge circuit, Transmission Gate, Sense amplifier 
and modified SRAM are designed and implemented. 
 
II.  LEAKAGE POWER REDUCTION 

TECHNIQUES 
 
Power leakage in each SRAM sub circuit is observed 
as the function of operation (read/write/idle). Leakage 
drawn from power supply continuously leads to the 
static power dissipation. Various parameters that 
contribute to leakage current [1] –[3] are channel 
punch through, drain induced barrier lowering 
(DIBL), sub-threshold leakage, gate oxide tunneling, 
hot carrier effects, reverse bias p-n junction and gate 
induced drain leakage. The main parameter to be 
observed carefully is the Sub-threshold leakage which  

 
 
occurs due to the sub-threshold drain current and the 
tunneling current. 
In weak inversion region (when VGS<VTH) current 
from source to drain is sub threshold drain current. 
When the oxide layer is made thinner current which 
flows through it is the tunneling current. 

 
 

Where, 8.12
00 eVCI Tox , VT is the thermal 

voltage, from the above equation, it is evident that 
current is exponentially proportional to (VGs -VTH). 
This leakage can be minimized by increasing the Vth. 
In circuit level designing the most important 
parameter is the VTH (threshold voltage). In active 
mode low VTH is preferred because of the high 
performance, but in the standby mode high VTH due to 
the reduction in leakage power. 
Now we turn our attention towards the Power leakage 
reduction techniques: 

A. MTCMOS 
This technique [4] can be implemented either 
statically or dynamically. In static approach, critical 
path devices are assigned low threshold voltage value 
which increases their speed while the non- critical path 
devices are assigned high threshold voltage value for 
power leakage optimization. In dynamic approach, 
functional block connected to the virtual ground line, 
are assigned lower threshold voltage value. This line 
follows the main ground rail through High threshold 
voltage transistor called sleep transistor. Sleep signal 
controls the active/standby mode. In active mode, 
sleep signal is ON thus the Low Vth permits the 
operation of the functional block at higher speed. But 
in stand-by mode, sleep signal turns off the High Vth 



International Journal of Industrial Electronics and Electrical Engineering, ISSN: 2347-6982 Volume-3, Issue-7, July-2015 

Enhanced Robust Architecture Of Single Bit Sram Cell Using Drowsy Cache And Super Cutoff Cmos Concept 
 

64 

transistor due to which virtual ground line floats and 
the design cycle is usually shorted to limit the leakage 
current.  

B. Super Cut0ff CMOS 
In SCCMOS [5] low threshold cutoff voltage PMOS is 
inserted in series to the functional logic circuits 
consisting of low Vth MOSFETS. The gate voltage of 
cutoff PMOS transistor is grounded in active mode, 
but in stand-by mode operation Vg is overdriven by 
VDD+V0 (small voltage) which completely suppresses 
the leakage current. With this performance, we 
achieve high speed operation and low stand-by current 
dissipation in CMOS. 

C. Sleep Approach 
An extra PMOS is placed between VDD and pull up 
network and an extra NMOS is placed between GND 
and  the pull down network. Each transistor takes the 
width of the largest transistor in the base case. In 
active mode the sleep transistors [6] provide required 
power supply for normal operation. In standby mode, 
sleep transistors are turned off and the source nodes of 
the gates in the functional block float, thus cutting off 
the leakage path to the ground. The disadvantage in 
sleep approach is the destruction of the state and the 
floating outputs. 

D. Stack Approach 
With this technique we create two duplicate transistor 
of width W/2 from the original transistor. When 
duplicate transistors are turned off they cause the 
reverse bias between the gate and the source resulting 
in substantial leakage current reduction. In this 
approach [7] designer faces increase in row length and 
the decrease in transistor width. The duplication of 
transistors brings an increase of delay in the circuit. 

E. Sleepy Stack Approach 
We use both the sleep and stack approach [8] -[9] in 
this technique. Pull up and pull down transistors of 
width ‘w’ are divided into two transistors of width w/2 
and placing  sleep transistor parallel to it. In active 
mode, we obtain lower delay as the sleep transistors 
are ON which reduces the resistance and in standby 
mode stack transistors are ON which reduces the 
leakage current. It has advantages of both stack and 
sleep approach, but area concern leads to a major 
disadvantage. 

F. Sleepy Keeper 
In this technique [10] -[11] we place NMOS or PMOS 
transistors parallel to sleep transistors. We have seen 
the destruction of state in sleep approach so to 
overcome that we use keeper circuit. In sleep mode to 
maintain data value 1, the NMOS transistor connected 
between VDD and pull up network is switched ON. 
Similarly to maintain data value 0, PMOS transistor 
connected between pull down network and GND is 
switched ON. In this way data in standby mode can be 
kept secured. 

G.  Drowsy Cache Concept 
We know that data preservation is done in standby 
mode so we require less voltage, but in active mode, 
both read and write operation is done thus we require 

more voltage for successful operation. Thus we 
require multiple voltage values to be supplied in idle 
and active mode. 
 
III. SRAM ARCHITECTURE 
 

H. Conventional SRAM 
SRAM termed as static ram as the data can be 
preserved indefinitely for a long period of time till 
power supply is provided. SRAM [12] cell formed by 
two CMOS inverter is a bi-stable flip flop which can 
interpret two states either 1 or 0 shown in Fig 1. Six 
transistor SRAM cell is highly stable, relatively 
impervious to soft errors, has low leakage and standby 
currents. Six transistor SRAM cell uses a bi-stable 
latching circuitry where the output of each inverter 
VOUT is fed as input into the other inverter VIN. SRAM 
can perform read and write operation [13] in the 
memory cell. 
In write operation, both the bit line (BL and BL_B) is 
pre-charged to VDD then drive one bit line high and the 
other one low then the word line (WL=1) is enabled. 
Stronger bit line driving strength will assert inverter 
transistor and information is written into the cell. As 
soon as the data is written into the cell the access 
transistor is turned off and data is preserved for 
reading. 
In read operation both the bit line (BL and BL_B) are 
pre-charged to VDD then the word line (WL=1) is 
enabled. As we know that the driving strength of 
driver transistor is intentionally kept much stronger 
than the access transistor due to which one of the bit 
lines will be pulled down by the cell. Thus the 
information will be sensed at the bit line by sense 
amplifier. 

 
Fig.1 Schematic of Conventional SRAM 

 
Sizing [22] is an important issue in SRAM design. For 
proper noise margin [14], the ratio of NMOS and 
access transistor has to be greater than 1.2. To obtain 
proper read and write operation, the width of NMOS 
(w=2.3u) must be greater than the width of access 
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transistor (w=1.8u) and width of access transistor has 
to be greater than the PMOS transistor (w=1.5u). 

I. Write Drive Circuit 
The write driver circuit [15] discharges the bit line 
from its maximum pre-charge level to below the write 
margin of the SRAM cell.  

 
Fig.2 Schematic of Write Driver Circuit 

 
Write driver circuit imposes the required voltage in the 
bit lines for writing the desired value. When write 
enable (WE=1) is enabled, then given data from data 
input (DI) pin is written into the bit lines. Data from 
the bit lines is passed through access transistors and 
written into the corresponding memory cell. Buffer 
circuit is placed before the output of the write driver 
circuit to obtain the bit lines free from glitch effect. 

J. Precharge Circuit 
To precharge the bit lines before read and write 
operation we require pre-charge circuit which consists 
of two PMOS transistor controlled by PRE clock. A 
third transistor is placed connecting the bit lines to 
help equalize the voltage in the case of any mismatch 
between the bit lines. It is necessary to charge the bit 
lines at the same voltage for proper read operation. 
After the completion of read and write operation an 
undesired differential voltage is generated between the 
bit lines. At the end of the operation pre-charge circuit 
has the function to equalize the bit line voltages to 
supply voltages. 

 

 
Fig.3 Schematic of Precharge Circuit 

K. Transmission Gate 
PMOS can’t pass good 0 i.e. Minimum voltage is VTP 
and maximum voltage is VDD while NMOS can’t pass 
good 1 i.e. Minimum voltage is 0 and maximum 
voltage is VDD-VTN. Thus the full voltage swing is not 
obtained by using either NMOS or PMOS as access 
transistor therefore we go for transmission gate [16].  

 

 
Fig.4 Schematic of Transmission Gate 

 
It has a low voltage drop as compared to the access 
transistor and very effective in transferring input 
voltage to the output without any attenuation. We use 
transmission gate as a near optimal switch or ideal 
switch which is capable of transferring the input 
voltage to output without threshold voltage 
attenuation. The transmission gate provides rail to rail 
swing at output and reduce the signal to noise margin 
ratio. 

L. Sense Amplifier 
Sense amplifier [17] -[20] is an important component 
in memory design as it outlines the robustness of bit 
line sensing. Sense amplifier detects the small 
difference voltage at bit lines and translates them to 
full logic signal that can be further used by a digital 
logic.  

 
Fig.5 Schematic of Proposed Sense Amplifier 

In latch type Proposed sense amplifier, four transistors 
are cascaded between supply voltage and ground, 
which increases the sensing delay and also the power 
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consumption. In proposing circuit sense amplifier 
operates in two modes i.e. pre-charge and sensing 
mode. In pre-charge mode when SE=0 M5, M6 
transistors are on and OUT and OUT_B nodes 
pre-charges to full supply voltage. In sensing mode 
SE=1, M11 and M12 transistors are turned on through 
which small signal at bit lines passes to M7, M8 and 
M1-M4 positive feedback amplifier where the signal 
is amplified to the full swing. 

M. Modified SRAM Cell 
To reduce power dissipation [21] in SRAM, we are 
proposing single bit SRAM cell using SCCMOS & 
Drowsy Cache concept.  

 
Fig.6 Design of Modified SRAM 

 
Transmission gate is used instead of access transistor. 
Ns1, Ns2, Ns3, Ns4 are the stack Transistor which 
reduces the reverse sub threshold leakage. Pk1, Pk2, 
Pk3, Pk4 are the keeper Transistor which supply 
Power rail source in idle mode to keep data without 
distortion. S1, S2, S3, S4 are the Sleep transistor, 
which provides power supply when they are switched 
ON cut off power supply when they are off.  

 
Fig.7 Schematic of Modified SRAM 

P3, N5 are Drowsy cache Transistors, in standby mode 

p4, p5 transistors divide the power supply by half 
(Vdd/2) which is sent through N5 drowsy transistor for 
retention of data. 
 
IV. SIMULATION RESULTS 
 
SRAM architecture, functional block diagram along 
with its peripherals is shown below:  

 

 
Fig.8 Functional Block Diagram of Modified SRAM cell 

 
SRAM Architecture comprises of the write drive 
circuit, precharge, transmission gates, Sram cell, and 
the sense amplifier. Each circuit with its simulation is 
explained below and output is analyzed. 

 

 
Fig.9 Schematic Of  Modified Sram Architecture Cell 
Along With Precharge, Write Driver, Sense Amplifier 

Circuit 
 

Fig.9 shows the schematic of Modified SRAM 
architecture. Output from Write Driver Circuit, BL 
and BL_B is provided to the Sram cell. When a word 
line is enabled, these outputs are written into the 



International Journal of Industrial Electronics and Electrical Engineering, ISSN: 2347-6982 Volume-3, Issue-7, July-2015 

Enhanced Robust Architecture Of Single Bit Sram Cell Using Drowsy Cache And Super Cutoff Cmos Concept 
 

67 

memory cell. For reading the written data, we use the 
sense amplifier which works when the SE=1. 
In Transmission Gate Output waveform Fig.10, full 
swing is observed at the OUT node. When WL is 
enabled OUT corresponds to the Input but when 
WL=0, OUT will carry the previous state of the 
circuit. Both low and high level is seen without any 
degradation. 

 

 
Fig.10 Output Waveform Of Transmission Gate 

 
In Write Driver Circuit see Fig.11, when write enable 
is on, DI will be written into BL and the inverse of the 
DI will be BL_B. When write enable is off BL will 
continue in the previous state of the circuit and 
similarly BL_B. 

 

Fig.11 Output Waveform Of Write Driver Circuit 
 

In Sense Amplifier Circuit see Fig.12, when SE=1, 
OUT will be equal to BIT input and OUT_B will equal 
to BIT_B input. When SE=0, OUT will be charged to 
supply voltage Vdd. 
 

 
Fig.12 Output Waveform Of Modified Sense Amplifier 

 
Fig.13 demonstrate the output waveform of the SRAM 
architecture cell. Before the execution of Read and 
Write operation bit lines are precharged to Vdd 

through the precharge circuit. By enabling the WE pin 
input data is written into Bit lines and by alternatively 
charging and discharging bit lines we perform write 0 
and write 1 operation. 

 

 
Fig.13 Output Waveform Of SRAM Architecture Cell 

 
Now the bit lines are precharged to Vdd and the 
differential voltage across the output terminals are 
sensed by sense amplifier. The output corresponds to 
the data written into the memory cell, which indicates 
read 0 or read 1. 
Table I demonstrate the SRAM design parameters 
where Proposed SRAM gives 40-60% reduction in 
Leakage Power Consumption considering power 
supply voltage of 1.8V. Read and Write Delay is 
decreased across 10-20% in Proposed SRAM. 
Table I  Parameters comparison between SRAM and 

Modified SRAM 

 
Fig.14 Power Consumption of SRAM Architecture Cell 

 
SRAM Architecture with its peripherals is designed, 
analyzed and implemented in standard gpdk 180nm 
technology library using Cadence tool. 
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CONCLUSION 
 
Analysis of SRAM Cell operation with various power 
reduction techniques has been successfully completed. 
Significant reduction in power consumption is seen in 
the proposed SRAM cell. By comparison, it is 
observed that the Leakage Power consumption in 
conventional SRAM is 1.917 × 10ିଽܹ   and in 
modified SRAM it is 1.518 × 10ିଽܹ   Output 
waveform of Transmission Gate, Write Drive Circuit, 
Sense Amplifier and full 1 bit SRAM Architecture cell 
is analyzed and explained. 
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