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ABSTRACT: In this paper we propose a novel design of a low power static random access memory (SRAM) 

cell for high speed operations. The model adopts the voltage mode method for reducing the voltage swing 

during the write operation switching activity. Dynamic power dissipation increases when the operating 

frequency of the SRAM cell increases. In the proposed design we use two voltage sources connected with the Bit 

line and Bit bar line for reducing the voltage swing during the write “0” or write “1” operation. We use 90 nm 

CMOS technology with 1 volt of power supply. Simulation is done in Microwind 3.1 by using BSim4 model. 

Dynamic power for different frequencies is calculated. We compare it with conventional 6-T SRAM cell. The 

simulation results show that the power dissipation is almost constant even the frequency of the proposed SRAM 

model increases. This justifies the reduction of the dynamic power dissipation for high frequency CMOS VLSI 

design.  
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I. INTRODUCTION 
In today’s technology advancement world, Reduction of power consumption makes a device more 

reliable. The need for devices which dissipate minimum amount of power was a major driving force behind the 

development of CMOS technologies. Consequently, CMOS devices are best known for low power consumption. 

However, for minimizing the power requirements for a system, by knowing that CMOS devices may use less 

power than equivalent devices from other technologies does not do enough [1]. For high speed systems, Low 

power design has become an essential issue in VLSI design [2]. Normally, dynamic power dissipation 

dominates in most digital systems. Dynamic power dissipation depends on the switching frequency, supply 

voltage, and the output voltage swing. Reduction in the supply voltage is the most efficient approach to 

minimize the dynamic power dissipation. Unfortunately, lower supply voltage leads to degradation in 

performance dramatically [3]. Lower supply voltage decreases the threshold voltage which will increase the sub-

threshold current or leakage current hence the static power dissipation increases. Also by Limiting the output 

voltage swing, dynamic power and delay can be reduced. Various methods can be used for reducing the voltage 

swing during the switching activities in SRAM design. One of the best techniques is Charge Sharing method. In 

this technique, by using a charge sharing method the bit-lines voltage swing has been reduced [4]. Another 

technique called as half swing pulse mode method is also proposed so as to reduce the dynamic power [5]. 

Hierarchically divided bit-line approach is shown too effective for reducing the active power in SRAMs by 

reducing bit-line capacitance [6]. Multiple valued techniques are also very useful method for reducing the 

voltage swing of the output [7, 8]. In this paper a design technique for low power high speed SRAM circuits is 

proposed. The proposed SRAM cell, unlike the conventional 6T SRAM contains two extra transistors connected 

with two different voltage sources for reduction in the voltage swing during write operation. It is found that for 

high frequency of operation, the dynamic power dissipation is almost constant for the proposed SRAM cell. 

 

II. DESIGN OF CONVENTIONAL 6T SRAM CELL 
6T SRAM cell each bit in SRAM is stored on four transistors that form two cross coupled inventor. 

This storage cell has two stable states which are used to denote 0 and 1. Two additional access transistors serve 

to control access to storage cell during read and write operation. [1] Access to the cell is enabled by the word 

line which controls the two access transistor which in term control, whether the cell should be connected to the 

bit line BL and BL BAR. [2] They are used to transfer data for both read and write operations. An SRAM cell 

has three different states it can be in: standby where the circuit is idle, reading when the data has been requested 

and writing when updating the contents. The SRAM to operate in read mode and write mode should have 

"readability" and "write stability" respectively. [3, 4] 

The 6-T SRAM cell operates as follows: 
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(1) For a read operation, Basic condition is that the strength (drive current) of the pull-down transistor to that 

of the pass-gate transistor should be sufficiently large. It is called cell Beta ratio. The bit-lines are usually pre-

charged To a high level (VDD) and then the word-line is selected (pulsed to a high level). On the side of the cell 

storing a Logical „0‟ (i.e., a low Voltage), the bit line is discharged via the pass-gate transistor and pull-down 

transistor, so that a differential voltage develops between the bit-lines. This differential voltage should be large 

enough for a sense amplifier to detect the state of the cell. The differential voltage should not be too large, 

however; otherwise the cross-coupled inverters could flip their state. 

 
Figure 1. Conventional 6T SRAM Cell. 

 

(2) For a write operation, Basic condition is that the ratio of the strength of the pass-gate transistor to that of 

the pull-up transistor should be sufficiently large. It is called cell gamma ratio. The bit-lines are driven to 

complementary voltage levels via a write driver and then the word-line is selected. On the side of the cell for 

which the bit-line voltage is logical „0‟ (i.e., a low voltage), the internal storage node is discharged through the 

pass-gate transistor. The cross-coupled inverters raise the voltage on the opposite storage node and latch the cell. 

The discharging strength of the pass-gate transistor must overcome the restoring strength of the pull-up 

transistor. 

 

(3) For a Standby Operation, Basic condition is that the word line is not asserted, the access transistors N3 and 

N4 disconnect the cell from the bit lines. The two  

Cross coupled inverters formed by P1-N1, P2-N2 will continue to reinforce each other as long as they are 

connected to the supply. 

 

III. PROPOSED SRAM CELL 
In order to improve the performance in the conventional 6T SRAM, we have modified the classical 

SRAM configuration. The proposed SRAM cell results constant power dissipation with increase in the 

frequency. In the proposed design we have used two different voltage sources VS1 and VS2 connected to the 

output of the in3 and in1 line. Two NMOS transistor VT1 and VT2 are connected with input of in3 and in1 line 

directly to switch ON and switch OFF the power source supply during write “0” and write “1” operations, 

respectively. The proposed design has been shown in Figure 2. These power supply sources reduce the voltage 

swing at the output node when write operation is being performed. 

 

A. Write '0' operation : During the write '0' operation, in3 line is low and in1 line goes to high. So the 

transistor VT2 is ON and VT1 OFF condition. Hence the voltage source VS2 leads to decrease the voltage 

swing at output of the in1 line. 

 

B. Write '1' operation : During the write '1' operation, the transistor VT1 is ON and VT2 in the OFF condition, 

so the voltage source VS1 leads to decreases the voltage swing at the in3 line output. Since decrease in voltage 

swing dynamic power dissipation is kept almost constant even if increase in the frequency of the SRAM cell. 

The dynamic power may be expressed as 

 
Where, C = Load capacitance, α= Activity factor, f =Clock frequency, Vswing = Voltage swing at output node. 
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Figure 2. Proposed SRAM Cell 

 

Hence increase in the frequency leads to increase in the dynamic power dissipation as the dynamic power 

depends upon the operating frequency [10]. In this proposed SRAM model voltage source VS1 and VS2 leads to 

decrease in the voltage swing during switching activity. With the increase in frequency the switching activity 

will also be increased but voltage source leads to decrease in its voltage swing simultaneously at the output. 

Hence at higher frequency the dynamic power dissipation is almost constant. For better performance of SRAM 

cell, the size of the transistors plays a major role. According to the rule of thumb the width ratio of the transistor 

T1 and T2 is nearly equal to 1.5 and the width ratio for T2 and T3 is also equal to 1.5. Consequently it is 

applicable for transistors T4, T5 and T6, respectively 

 

IV. RESULTS AND DISCUSSIONS 
 Here we have given the detailed simulation analysis performed for the proposed SRAM cell. We have 

seen the performance of the proposed SRAM cell on the power dissipation during write operation. The 

schematic of proposed SRAM cell is designed and implemented by using DSCH and Microwind. For simulation 

we are using 1V power supply. The proposed design has been simulated using different foundry size CMOS 

technology 90nm, 65nm and 45nm respectively for different frequencies. VS1 and VS2 have been taken 0.5 volt 

during simulation. These simulated results are compared with the conventional 6-T SRAM cell. 

 

 
 

VI. CONCLUSION 
In high speed VLSI design dynamic power consumption has become an important issue. In this paper 

we have analysed the proposed SRAM cell design for low dynamic power consumption by using different 

foundry size. The proposed SRAM cell has two voltage sources which are used for adjusting the voltage swing 

during switching. The reduction in voltage swing results a reduction of dynamic power. Dynamic power 

dissipation for proposed SRAM cell decreases with decrease in foundry size for high speed operations. It can be 

observed from the simulation that the power dissipation has been decreased from 4.04% to 10.44% by reducing 

the foundry size from 90nm to 65nm to 45 nm. Though numbers of transistors and area are increased in 

comparison to conventional SRAM cell but low power dissipation even at very high frequency can easily 

overcome the area power trade off. This proposed SRAM cell can be used to provide low power utilization in 

different high speed handheld devices like laptops, mobile phones, programmable logic devices etc. 
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