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Abstract
The main objective of this paper is to design a power efficient 
SRAM cell. The traditional SRAM makes use of six transistors 
that consumes more power and stability for read operation is 
less. As a substitution by using low power design techniques the 
power consumption is being reduced. Here the low power logic 
used is sleepy approach. In the sleep approach, an additional 
“sleep” PMOS transistor is placed between VDD and the pull-up 
network of a circuit and an additional “sleep” NMOS transistor is 
placed between the pull-down network and GND. Also by using 
dynamic cell supply power is reduced. Precharge circuit is used 
for precharging the bit lines. The current mirror sensing amplifier 
is used for read operation. The flow used is analog flow. The 
software used is cadence. Using cadence software schematic is 
drawn, power consumption is analyzed.
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I. Introduction
It has now been an era of portable electronic devices such as 
mobile phones, ipods, tablets etc…They should have a longer 
battery backup so that the devices can be operational for long 
time. Major part of the battery is drained by display and other 
peripheral components such as speakers. Next to them their 
memory components consumes more power from the battery. A 
random-access device allows stored data to be accessed directly 
in any random order. In contrast, other data storage media such as 
hard disks, CDs, DVDs and magnetic tape, as well as early primary 
memory types such as drum memory, read and write data only in a 
predetermined order, consecutively, because of mechanical design 
limitations. Therefore, the time to access a given data location 
varies significantly depending on its physical location.
Static Random-Access Memory (SRAM) is a type 
of semiconductor memory that uses bistable latching circuitry to 
store each bit. The term static differentiates it from dynamic 
RAM (DRAM) which must be periodically refreshed. SRAM 
exhibits data remanence, but it is still volatile in the conventional 
sense that data is eventually lost when the memory is not powered. 
For increasing the battery standby time I am designing a new 
type of SRAM cell which consumes less power than the existing 
SRAMs. The key objective behind this paper is to reduce the power 
consumption of random access memory. CADENCE-VIRTUOSO 
tool is used for designing which is known for its accuracy and 
reliability. The same tool is used for the power analysis. A 
comparative table of the power consumption of conventional and 
proposed SRAM is provided as the result

II. Existing SRAM Cell Architectures
This section revolves around the performance comparison of 
SRAM cells consisting of different number of transistors used 
to store single bit. From last four decades, we are scaling down 
the CMOS devices to achieve the better performance in terms of 
speed, power consumption, noise margins, delay etc. SRAM based 

cache memories are commonly used due to their higher speed. 
But due to device scaling we are facing design challenges for 
nanometer SRAM design. Because of low threshold voltage and 
ultra thin gate oxide, the leakage energy consumption is getting 
increased. The data stability during read and write operation is 
also getting affected. There is some other factor like random 
dopant fluctuation, line edge roughness and oxide thickness 
fluctuation which decreases the stability of SRAM cell. In this 
section performance analysis of 6T, 8T and 9T has been carried 
power consumption and delay.

A. 6T SRAM Architecture
The conventional 6T SRAM cell is made p of six MOSFET as 
shown in fig. 1 in which fur transistors form the two cross coupled 
CMOS inverter (NM1, NM2, PM1 and PM2). This is the place 
where a bit is stored either 1 or 0. The other two transistors (NM3, 
NM4) are called access transistor. It operates like pass transistors 
to control the access to SRAM cell by bit lines. The word line 
controls the functions of SRAM cell. If the WL is high the SRAM 
cell can be accessed. Otherwise SRAM cell is being isolated. In 
standby mode the word line WL is low, the access transistors will 
be off. The data stored in two crossed coupled inverter remain 
same. There won’t be any change in its value as long as supply 
exits. 

 
Fig. 1: Schematic of Conventional 6T SRAM cell

During write operation data is loaded to bit line first. Then word 
lines are made high. According to the changes in bit lines data 
will be stored in the two cross coupled CMOS inverter.
In order to read, i.e. when data has been requested, the word lie is 
being made high first. Before that bit lines should be precharged to 
VDD. As WL=1 the cell is being connected to bit lines. According 
to charge stored in two cross coupled inverters the bit lines will 
charge or discharge. Then these bit lines are made to reach sense 
amplifier. The sense amplifier determines the bit stored is 1 or 
0.

B. 7T SRAM Architecture
7T SRAM cell consists of one more extra transistor compared 
to conventional SRAM cell. The newly introduced transistor is 
placed as a power gate switch, which will connect towards ground. 
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For hold condition WL should be low. While writing the gate pin 
(SLC) of NM4 is given zero logic as input. Then WL is made 
high. This will make values in bit lines to be stored in SRAM 
cell. While read operation SLC should be made high. Then WL 
is made high. This causes value stored in cell to flow outside to 
bit lines. These bit lines which are in turn connected to sense 
amplifier. This will determine value stored in it.

Fig. 2: Schematic of Conventional 7T SRAM Cell

C. 8T Sram Architecture
The proposed SRAM cell consists of 8 transistors, NM0-NM4 and 
PM0-PM2, as shown fig. 3. Four transistors NM0, NM1, PM0, PM1 
form a cross-couple structure to store data. NM2 AND NM3 act 
as the access transistors to the internal nodes Q and QB of the cell. 
NM2 and NM3 connect the cell internal nodes to the BLs while 
PM2 and NM4 form an inverter to control the voltage of node 
C1.The source terminal of PM2 is connected to column select (CS) 
line while gates of NM2 and NM3 are connected to WL. Unlike 
conventional design, the sources of PM0 and PM1 are connected to 
dynamic cell supply (cell supply) line which is raised to the higher 
voltage during read operation to obtain a higher noise margin.
A read operation start by raising CS from ground to VDD and Cell 
Supply is raised from VDD to VDD2. VDD2 must be higher than 
VDD to improve noise margin of cell during read operation. At the 
same time WL is pulled to low to drive node C1 to VDD and hence 
turning on N3 and N4. Once N3 and N4 are turned on to read the 
cell data, subsequent circuit operation same as the conventional 
6T SRAM. 

Fig. 3: Schematic of conventional 8T SRAM Cell

D. 9T SRAM Architecture
Schematic of 9T SRAM cell is shown in the fig. 4. This circuit 
shows reduced leakage power and enhanced data stability. The 9T 
SRAM cell completely isolates the data from the bit lines during a 
read operation. The idle 9T SRAM cells are placed into a super cut 
off sleep mode, thereby reducing the leakage power consumption 
as compared to the standard 6T SRAM cells.
While the SRAM cell is in hold mode WL will be in logic zero 
state. When we have to write into SRAM cell then WL = 1 and 
RD should be equal to 0.During read operation WL=1 and RD=1. 
9T SRAM cell is very stable during read operation. It consumes 
very less power. 

Fig. 4: Schematic of 9T SRAM cell

III. Proposed SRAM Cell Architectures
This section deals with novel SRAM cell architectures. All these 
SRAM cells are having very low power consumption for write 
operation. Here new SRAM cell architecture – novel 9T, novel 
9T using sleep approach, 8T SRAM cell.

A. Novel 9T SRAM Architecture
Novel 9T SRAM cell is the combination of 7T and 8T SRAM cell 
architectures. It uses an inverter at the word line. Also power gate 
transistor is used in between SRAM cell and ground. Its working 
is similar to normal SRAM cell operation.
When WL and SEL is high then the SRAM cell will remain in 
hold mode, i.e., it retains the logic is has stored. During write 
operation both WL and SEL are made low. Also voltage applied is 
higher than VDD to the power supply of inverter connected with 
WL. This helps to reduce power consumption. For read operation 
WL is made low and SEL is made high. Since WL is connected 
directly to an inverter the low logic is converted into high and is 
fed to the input to gate of access transistors.
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Fig. 5: Schematic of novel 9T SRAM cell

B. Novel 9T SRAM Architecture Using Sleep Approach
A low power design technique – sleep approach is being applied on 
novel 9T SRAM cell. This helps to reduce the power consumption. 
But the amount of transistors required is increased.

Fig. 6: Schematic of Novel 9T SRAM Cell Using Sleep 
Approach

When WL and SEL is high then the SRAM cell will remain in hold 
mode,ie it retains the logic is has stored While writing operation 
both WL and SEL are made low. Also voltage applied is higher 
than VDD to the power supply of inverter connected with WL. 
This helps to reduce power consumption. For read operation WL 
is made low and SEL is made high. Since WL is connected directly 
to an inverter the low logic is converted into high and is fed to 
the input to gate of access transistors

C. 8T SRAM Architecture Using Sleep Approach
By applying low power design techniques on the existing 
SRAM cells we can obtain SRAM cells which have low power 
consumption. In that applying sleep approach on 8T SRAM cell 
is producing very good decrease in power consumption of both 
read and writes operation. For standby condition WL should be 
high. Write operation of this design is much simpler than its read 
operation. Write operation starts by asserting power supply greater 
than VDD to the dynamic cell supply while the WL is pulled down. 
Meanwhile, one of the BLs is pulled to ground while other kept 
at VDD. When node C1 is charged up to VDD, both NM1 and 
NM2 are turned on and input data is written into memory similar 
to conventional 6T SRAM.

Fig. 7: Schematic of 8T SRAM Cell Using Sleep Approach

For read operation also WL is made low. Since WL is connected 
to inverter, its output will drive access transistors. Due to the 
sleep approach used the power consumption for read operation 
is decreased.

D. Novel 10T SRAM Architecture
10T SRAM cell is the improved form of novel 9T SRAM cell. 
Here an additional pmos transistor is introduced in between 
power supply and SRAM cell. This gate connection of this pmos 
transistor is always grounded. This helps to reduce the power 
consumption of SRAM cell.
For hold condition WL should be high. This produces a low level 
at the gate of access transistors. This makes access transistors to 
be isolated from bit lines. For write operation WL should be low. 
The dynamic power supply applied should be greater than VDD. 
Also SEL should be low. Read operation is done by making WL 
to low and SEL to high. By applying WL=0 the access transistors 
are turned on. This makes the state stored in SRAM cell to flow 
towards the bits lines. Before doing this the bits were precharged. 
This helps to produce variations in voltages in bits lines. These 
bit lines are being sensed by sense amplifier. The sense amplifier 
determines which value is stored in it.
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Fig. 8: Schematic of Novel 10T SRAM Cell Using Sleep 
Approach

IV. Results and Analysis
The below Table 1 shows the comparative study of various 
existing SRAM cells and the proposed SRAM cell which are 
newly designed. The existing SRAM cell consists of 6T, 7T, 8T 
and 9T architecture. The proposed SRAM cell consists of novel 
9T, novel 9T using sleep approach, 8T using sleep approach and 
novel 10T architectures. 

Table 1: Comparison of Power For Existing and Proposed SRAM 
cells
OPERATING FREQUENCY
2.5 MHz

POWER
WRITE READ

6T 1.54uW 260.3uW
7T 131nW 260W
8T 1.54uW 260.5uW
9T 162nW 262uW
NOVEL 9T 102nW 260.2uW
NOVEL 9T USING SLEEP 
APPROACH 99.17nW 259.4uW

8T USING SLEEP APROACH 98.58nW 232.7uW
 NOVEL 10T 93.23nW 260.1uW

V. Conclusion
Thus novel SRAM cells are designed with minimum power 
consumption and maximum stability in output. The low power 
design – sleep approach is successfully implemented and the 
desired result is obtained. This provides us with the minimum 
power consumption. The newly designed low power memory 
cells are novel 9T SRAM cell, novel 9T SRAM cell using 
sleep approach, 8T SRAM cell using sleep approach and novel 
10TSRAM cell. A power reduction of 43% is obtained for novel 
10T SRAM cell for write operation. 40% of power consumption 
is reduced for write operation and 11 % for read operation for 8T 
SRAM cell using sleep approach is obtained
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