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Abstract
The need for low-power design is becoming a major issue in 
high-performance digital systems such as microprocessors, Digital 
Signal Processors (DSPs) and other applications. The increasing 
market of mobile devices and battery powered portable electronic 
systems is creating demands for chips that consume the smallest 
possible amount of power. SRAM consist of almost 60% of 
Very Large Scale Integrated (VLSI) circuits. It is also said that 
memories are the biggest culprit for the power dissipation in 
any digital system and No digital system gets complete without 
memories. The power consumption and speed of SRAMs are 
important issue that has lead to multiple designs with the purpose 
of minimizing the power consumption during. This thesis focuses 
on the power dissipation during the Write operation in six-T 
CMOS SRAM as well as read operation also. In this thesis SRAM 
cell will includes one more extra transistor that will control the 
overall capacitances during the write and read operation and will 
optimize the total capacitance will result out the decrease in the 
power dissipation. Here in this thesis we are targeting the short 
circuit power dissipation as well as switching power dissipation 
which is also known as dynamic power. The whole thesis circuit 
verification is done on the Tanner tool, Schematic of the SRAM 
cell is designed on the S-Edit and net list simulation done by 
using T-spice and waveforms are analyzed through the W-edit. 
The circuit is characterised by using the 130nm technology which 
is having q supply voltage 0f 1.5volt and threshold voltage is 
0.40volts. The results are compared with Conventional 6T SRAM 
cell which is also being characterized in this thesis with the same 
technology.  This low power cell consumes lesser power in some 
case maximum it is saving 54% as compared to existing SRAM 
cell so this type of memory cell will be more useful in portable 
electronics and battery operated devices.
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I. Introduction
With ever increasing level of device integration and the growth 
in complexity of electronic circuits, increasing the demand of 
portable electronics devices and also dependence on the battery 
operated devices motivating the VLSI designers to reduce the 
power dissipation [4], of the VLSI circuits so that they can be 
used for the long time for the given battery supply so that is 
why reduction of  power  is the most often used measures of the 
efficiency of VLSI circuits has come to the fore as a primary 
design goal. Also as high speed circuits dissipate large amounts of 
energy in a short amount of time, power minimization algorithms 
and techniques are strongly recommend by most of the companies 
in these circuits. With ever increasing operating frequency and 
processing capacity per chip, large currents have to be delivered 
and the heat due to large power consumption must be removed 
by proper cooling techniques. Battery life in portable electronic 
devices is limited. Low power design directly leads to prolonged 

operation time in these portable devices. Besides this there are 
number of reason [1], for the motivation of the thesis.

Shrinking of device size1. 
Growth of Portability 2. 
Reliability3. 
Battery size4. 

Every digital system now a days is strongly dependent on the 
memory we can also say that no digital system now a days can be 
built without memory. It is also the heart of any microprocessor 
[6] and that is why most of the research in low power design is 
going to design the memory.
 The basic motive of this research work is to analyse the SRAM 
memory cell which will consume lesser power as compared to 
the conventional cell of the same technology. In this thesis I 
have modified the convention SRAM cell for the reduction of 
the dynamic power. The new architecture will contains one extra 
tail transistors in the pull-down path of the respective back to 
back inverter to reduce overall capacitance of the structure . This 
one transistor will controlled by Control Signal (CS). During 
read or write mode at least one of the tail transistor must be 
turned OFF to disconnect the driving path of respective inverters 
which will reduce the short circuit power dissipation during the 
rise and fall time of the data being stored in the memory; these 
transistors also reduce the sub threshold current during transistor 
OFF condition. 

II. Basic or Conventional 6T SRAM Cell

Fig. 1: Basic SRAM cell

In the SRAM cell , upper PMOS transistor in both the cross coupled 
inverter is termed as the load transistor and lower NMOS transistor 
in cross coupled inverter is termed as the driver transistor and the 
NMOS which connect the cell to the outside word will be termed 
as the Pass transistor all this is shown the fig. 1.
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A. Standby Mode
If the word line is not asserted, the access (Pass) transistors will 
be dis-connect the cell from the bit lines. The two cross coupled 
inverters formed the two inverter connected back to back reinforce 
each other as long as they are disconnected from the outside world. 
And they will retain the data which they have already stored in 
the memory cell.

B. Read Mode
Assume that the content of the memory is a 1, stored at node a. The 
read cycle is started by pre-charging both the bit lines to a logical 
1, then asserting the word line signal with the high voltage pulse 
enabling both the access transistors. The second step occurs when 
the values stored in a and b are transferred to the bit lines one of 
the bit line will discharge through the driver transistor and the other 
bit lines will be pull up through the Load transistors toward VDD, 
a logical 1. If the content of the memory was a 0, the opposite 
would happen if the memory cell was stored the logic 1. 

C. Write Mode
The start of a write cycle begins by applying the value to be 
written to the bit lines. If we wish to write a 0, we would apply 
a 0 to the bit lines, i.e. setting Bit to 0 and Bitbar to 1. This is 
similar to applying a set pulse to a SR-latch, which causes the 
flip flop to change state. 1 is written by inverting the values of 
the bit lines. Word Lines is then asserted and the value that is to 
be stored is latched in. Note that the reason this works is that the 
bit line input-drivers are designed to be much stronger than the 
relatively weak transistors in the cell itself, so that they can easily 
override the previous state of the cross-coupled 2 inverters. Careful 
sizing of the transistors in a SRAM cell is needed to ensure proper 
operation. In this thesis a Proposed SRAM cell, includes one more 
extra Transistor in the pull down path of both the driver transistor. 
This extra transistor will break the path between GND and the 
driver transistor during the write operation which results out the 
decrease in the overall capacitance and hence the dynamic power. 
The Proposed SRAM cell is designed and implemented with using 
130 nm CMOS technology. Finally the results are compared with 
Conventional 6T SRAM cell [7], which is also being characterized 
in this thesis with the same technology.           

III. Proposed 7T SRAM cell
Fig. 2, shows the schematic of the Low power SRAM cell and 
its relative signals, where the Control Select (CS), word line  are 
used to select a cell for writing, and the data is written from the 
bit and bit bar.

Fig. 2: Schematic of Low Power SRAM Cell

As shown in the fig. 2. Low Power cell consists of one extra 
transistor and the gate of the extra transistor will have the control 
to write or read the data and also whenever we will perform the 
write function the extra transistor will cut the path between the 
Vdd and ground and hence save the short circuit power .
We can use the input data (bit) or its complement to perform the 
write operation.  

A. Working of the Low Power SRAM Cell
The operation of the Low power SRAM cell can be explained in 
the read and write mode separately which is given below:--

1. Read Mode
Basically read mode of the low power SRAM cell is same as the 
conventional SRAM cell In the read mode, CS is held to 1 and 
the extra transistor will be turned on to activate the basic read 
operation of the SRAM cell whenever will give the high voltage 
to the word lines both the access transistor will get turn on and 
the required data will be out through the sense amplifier.

2. Write Mode
In the write “1” mode, node B must be written to high value that 
is done by setting CS to 0 and asserting word lines signal and the 
data value is apply to the bit lines and possible case is writing 
the cell state from “1” to “1”. Because both nodes B and CS are 
0, no state transition arises in this case. Another possible case 
is. In this case, because access transistor N4 has much larger 
conductance than P2, it is easy to flip the cell state from “0” to 
“1” by discharging node B through N4. When the data is written 
from zero to one corresponding path is shown in the fig. 3. 

Fig. 3: The Path in Writing Cell State from “0” to “1.”

Similarly the write “0” will be done in the low power SRAM cell 
the path of the circuit is shown in the fig. 4.
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Fig. 4: The Path in Writing Cell State From “1” to “0.”

IV. Results and Discussion
In this section, we estimate the impact of proposed SRAM cell on 
power dissipation and delay during write operation. It provides 
the detailed simulation analysis of proposed SRAM cell.
The schematic of proposed SRAM cell is designed and implemented 
by using tanner tool. The circuit is characterised by using the 
130nm technology which is having q supply voltage 0f 1.5volt 
and threshold voltage is 0.40volts. Circuit verification is done on 
the Tanner tool. Schematic of the SRAM cell is designed on the 
S-Edit and net list simulation done by using T-spice and waveforms 
are analyzed through the W-edit.

A. Single Cell Analysis 
Table. 1: Average Dynamic Power Dissipation

      Power 
Dissipation 

Average Dynamic 
power 
(Conventional 
SRAM cell )

Average 
Dynamic 
power 
(Low power 
SRAM cell )

% 
saving 

Write “0” 
power 7.78 micro watt 6.5 micro 

watt 16 %

Write “1” 
power 15 micro watt 6.8  micro 

watt
54 %

Table. 2: Short Circuit Dissipation

                                                              
Power 
Dissipation 

Short-circuit power
 (Conventional 
SRAM cell )

Short circuit 
power
(Low Power 
SRAM cell ) 

% saving 

Write “0” 
power 52 micro watt 42 micro watt 19%

Write “1” 
power 67 micro watt 42 micro watt 37%

Table 3: Delay

Delay 
Delay in ns 
conventional 
SRAM  cell

Delay 
in ns
 (Low 
power 
cell )

% improvement 

Write 
“0” 
power 

5.44 ns 3.86ns 29 %

Write 
“1” 
power 

6.0ns 6.0ns 0%

B. Simulations Waveforms

1. Memory Writes Cycle in the Low Power SRAM Cell 

Fig. 5: Various Signal During Memory Write

Fig. 5, shows the various signals during the memory write cycle. 
It show that memory cell is first write the data “1” inside and store 
it and after some time the data gets reversed to “0” value. It also 
shows the signal apply to the word lines. When ever we want to 
perform the write cycle the word lines should goes to the high 
values and the control signal which is also shown in the waveform 
goes to the low. Whenever write cycle is there the control signal 
will cut the path between the VDD and GND during the write 
cycle and hence save the short circuit power which is proved in 
the results.
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2. Short Circuit Power Dissipation in Low Power SRAM 
Cell

Fig. 6: Waveform of short circuit power dissipation

Fig. 6, shows the short circuit power waveform .It  shows that 
when ever data flips in the memory from low to high value, the 
current spikes comes for a short duration of time and which will 
dissipate the short circuit power similar thing get happen when 
ever the data written from high to low value. 

V. Conclusions and Future Scope 

A. Conclusions
As seen from the results that in the low power SRAM cell, average 
power is reduce 16% in case of write “0” and 54% reduction 
in the power dissipation in case of write “1”.It shows that this 
memory cell will consume very lesser power as compared to the 
conventional SRAM cell whose results are also simulated in this 
thesis. In case of the short circuit power, the power dissipation 
reduce 19% in case of write “0” and 37% in case of write “1” case 
which is also lesser as compared to the conventional SRAM cell. So 
the newly designed low power SRAM cell consume lesser power 
and can be said that it is a power aware cell which is acceptable 
in today’s VLSI design market. There is also a improvement in 
the delay in case of write “0 “ newly designed memory cell is 
29% more faster as compared to the conventional SRAM cell 
but in case of Write “1” it takes the same times as it takes in the 
conventional SRAM cell.
 So in brief new low power SRAM cell consume lesser power and 
perform the faster operation than the basic existing SRAM cell 
but it has area over head due to the extra transistor used which is 

16.72% it means low power SRAM cell consume approximately 
16.72% more silicon area as compared to the existing basic 
SRAM cell . But that is not a problem because as the fabrication 
technology going on advances the size of transistor is shrinking 
and more silicon area is available for the designers. This low power 
cell consumes lesser power in some case maximum it is saving 
54% as compared to existing SRAM cell so this type of memory 
cell will be more useful in portable electronics and battery operated 
devices also it will require lesser costly heat sink to distribute the 
heat into the environment 

B. Future Scope
This thesis can be extended for the further work to reduce the area 
requirements which is approximately 16.72% more as compared 
to the existing SRAM cell one can find the technique to reduce the 
area and also this low power cell has no improvements in delay 
whenever write “1” operation is performed so one can further 
extended the work for the improvement of the delay whenever 
the write “1” operation is performed. 
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