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ABSTRACT 

The Leakage power, performance, data retentation, and 

stability are the key challenges in Static Random Access 

Memory (SRAM) at Deep-Sub-Micron (DSM) CMOS 

technology. In the DSM technology, when threshold voltage, 

channel length, and gate oxide thickness are reduced, leakage 

currents in deep sub-micrometer regimes causes power 

dissipation in CMOS digital circuits which may affect the data 

ability and stability in the SRAM. In this work the effect of 

supply voltage has been observed in the IP3 SRAM Bit-Cell 

using N-Curve methodology at the room temperature (RT). 

To see the effect of supply voltage variations on the stability 

and ability parameters in the 6T and IP3 SRAM Bit-Cells, the 

supply voltage has been varied from 0.6V to 1.0V in step of 

0.1V. It has been seen that the read, write stability and ability 

are comparable in both cells at RT. The other design 

parameters taken from the CMOS technology available on 

45nm are as tOX = 2.4 nm, Vthn = 0.224 V, and Vthp = 0.24 V at 

RT = 27°C.    
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1. INTRODUCTION 
In a high performance System on Chip (SOC), according to 

the International Technology Roadmap (ITRS) for 

semiconductors, 90% of the chip-area will be occupied by the 

memory core by 2014 [1]. This shows an increasing demand 

for memory in near future. The SRAMs are facing design 

challenges in order to maintain the sufficient level of cell 

stability margins and leakage power threats, both in dynamic 

and standby modes of memory operations due to device 

scaling. The leakage current (gate leakage and subthreshold 

leakage) increases when CMOS transistors are scaled down 

[2][3]. 

To manage constrained tradeoffs like overall power 

consumption, performance, stability and area, the SRAMs are 

designed for specific target applications, e.g., high-end 

computing, portable multimedia products, implantable 

biomedical electronics devices, consumer electronics, wireless 

sensor networks, etc.  

In order to keep the overall power consumption low [4], the 

scaling of supply voltage is one of the popular and effective 

way [P = (VDD^2)*f] among others power reduction 

techniques. But the SRAM cell stability also reduces due to 

supply voltage scaling [5][6]. 

In this work, the effect of supply voltage on stability in IP3 

SRAM Bit-Cell is observed. The IP3 SRAM Bit-Cell has an 

integrated two sub-cell structures, one for write and other for 

read operation in the active mode.  

This paper presents the introduction in Section-I and a brief 

outline of the Conventional 6T and IP3 SRAM Bit-Cells in 

Section II. The Section III discusses about the stability, ability 

and N-curve technique for Bit-Cell’s performance 

measurement. And the design simulation work is given in 

Section IV. Finally, the conclusion is presented in Section V.  

2. THE 6T AND IP3 SRAM BIT-CELLS 
The popular choice of cache memories is the six-transistor 

Bit-Cell. It has two inverters connected back to back to hold 

data during standby mode of the memory cell. The two nmos 

transistors (access transistors) are used to access data (in and 

out) from the Bit-Cell. The access transistors are switched-

ON/OFF with the help of a common Word Line (WL). The 

data in the bit cell is written through bit lines (BL and BLB) 

when WL is ‘high’. The data is hold (stored) at the memory 

cell by keeping the WL ‘low’ and keeping the bit lines at pre-

charge state. When the data is to be read from the cell, the WL 

is made ‘high’ to discharge the bit line and the data is being 

sensed by the sense-amplifier [7]. 

The Improved P3 (IP3) SRAM Bit-Cell has a separate data 

write sub-cell and a data read sub-cell section [7]. The data 

write section has dual role of data write and data hold whereas 

the read sub cell is used to read the data from the Bit-Cell. 

When the memory is in the standby mode a drowsy voltage 

(0.35V) is applied to the cell [8][9].  

3. STABILITY AND ABILITY 

MEASUREMENTS USING N-CURVE  
In addition to the Static Noise Margin (SNM) which is being 

drawn from the butterfly curve to comment on the stability of 

the SRAM Bit-Cell, the N-curve is a latest developed 

technique which is becoming popular to predict the overall 

cell stability (read and write stability) and ability (read and 

write ability).  

In Fig.1, A and C are stable points and B is metastable point. 

The voltage difference between A and B is the maximum DC 

noise voltage at storage node of the bit cell before the change 

in content of the bit cell. This voltage difference is known as 

SVNM (Static Voltage Noise Margin). At SVNM, the 

maximum current that injects in SRAM cell is called SINM 

(Static Current Noise Margin) which is negative due to its 

direction. 
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Fig. 1 The N-Curve [10] 

In write operation, the bit lines voltage is pulled from VDD to 

ground to discharge ‘1’. This voltage difference is shown 

between B and C which is known as WTV (Write Trip 

Voltage). At WTV, the amount of current which is needed to 

write the cell is called WTI (Write Trip Current). Although 

the cell is having larger SINM but it has small value of 

SVNM and is stable because value of charge that is to be 

discharged is large during write operation [10]. The peak 

between A and B is the measure of the SINM and the peak 

between B and C is the measure of the WTI. 

4. N-CURVE SIMULATION SRAM BIT-

CELLS 
The design simulation of 6T and IP3 SRAM Bit-Cells is 

performed at a supply-voltage range variation from 0.6V to 

1.0V, in a step variation of 0.1V. 

4.1 Static Voltage Noise Margin 
As supply voltage is increasing, SVNM is also increasing for 

both Conventional 6T SRAM Bit-Cell and IP3 SRAM Bit-

Cell. The values of SVNM at different supply voltages are 

approximately equal for both types of Bit-Cells. The variation 

in SVNM has been seen in an average range of 1.846mV, Fig. 

2. 

 

Fig. 2. Static Voltage Noise Margin vs Supply Voltage 

4.2 Static Current Noise Margin 
The SINM of Conventional 6T SRAM Bit-Cell is increasing 

exponentially whereas SINM is increasing linearly in IP3 Bit-

Cell. The variation occurred in SINM is in an average range 

of 9.852uA, Fig. 3. 

 

Fig. 3. Static Current Noise Margin vs Supply Voltage 

4.3 Write Trip Voltage 
Due to increase in supply voltage, WTV of Conventional 6T 

SRAM Bit-Cell increases linearly. The WTV of IP3 SRAM 

Bit-Cell shows an average variation of 28.266mV, Fig. 4. 

 

Fig. 4. Write Trip Voltage vs Supply Voltage 

4.4 Write Trip Current 
As supply voltage increases, WTI of both Conventional 6T 

SRAM and IP3 SRAM Bit-Cell increases linearly with nearly 

equal values at different supply voltages. It is observed that 

variation in WTI is in an average range of 0.133uA, Fig. 5. 

 

Fig. 5. Write Trip Current vs Supply Voltage 
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5. CONCLUSIONS 
In a supply voltage variation from 0.6V to 1.0V in a step size 

of 0.1V, the different parameters of stability such as SVNM, 

SINM, WTV and WTI have been extracted. The maximum 

tolerable DC noise voltage of IP3 SRAM Bit-Cell is found 

very close to the Conventional 6T SRAM Bit-Cell and it is 

within a limit of 0.17% to 0.9%. The Conventional 6T SRAM 

cell has shown an improved maximum current injection 

capability of 33% to 40% before the flipping of the content of 

the cell. The write stability of the IP3 SRAM Bit-Cell is 

enhanced as compared to Conventional 6T SRAM Bit-Cell. 

Compared to Conventional 6T SRAM Bit-Cell, a very small 

variation of 1% to 2% is observed in the current level of the 

IP3 SRAM Bit-Cell, when both the bit-lines are pre-charged 

at VDD. This shows that the read stability, readability, and 

writability of the IP3 SRAM Bit-Cell is comparable to the 

Conventional 6T SRAM Bit-Cell. The Conventional 6T 

SRAM has good write stability. Since the power consumption 

level of the IP3 SRAM Bit-Cell is better as compared to 

conventional 6T SRAM cell, the IP3 SRAM may be used as a 

low-power and stability assured bit cell in memory design. 
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