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Abstract— With advancements in chip technology, Static Random 

Access Memory (SRAM) cells are becoming a very essential 

component for memory storage. These are preferred due to low 

power consumption, simplicity, reliability and absence of a 

refresh circuit. This paper presents a comprehensive analysis on 

the performance degradation of 6T SRAMs due to 1) Negative-

bias temperature instability (NBTI), which is a key reliability 

issue in MOSFETs used in SRAM cells 2) Lower values of Static 

Noise Margin (SNM) that affects both read and write margin and 

is related to the threshold voltages of the NMOS and PMOS 

devices of the 6T SRAM cell. The intent of this paper is to provide 

a clear idea about the various strategies used to improve on the 

drawbacks and thus enhance the performance and efficiency of 

the cell. 

 

Keywords—SRAM Cells, Static Noise Margin, Negative Bias 

Temperature Instability, PMOS, Cell Stability.  

I. INTRODUCTION 

Static Random Access Memory has become one of the 

major components in many VLSI chips due to their large 

storage density and small access time. SRAM [1] has become 

the topic of substantial research due to the rapid development 

for low power, low voltage memory design due to increased 

demand for laptops, memory cards and hand-held 

communication devices. 

6T static random-access memory is a type of semiconductor 

memory that uses bi-stable latching circuitry to store each bit. 

Unlike dynamic RAM (DRAM), which stores bits in cells 

consisting of a capacitor and a transistor, SRAM does not have 

to be periodically refreshed. 

SRAM is a system, where noise effects are of great concern, 

because it is made up of a large number of minimum sized 

devices which are sensitive to noise. 

II. DESIGN OF 6T SRAM CELLS 

The SRAM’s bits are stored on four transistors that form two 

cross-coupled inverters. This storage cell has two stable states 

which are used to denote a 0 and a 1. Two additional access 

transistors serve the purpose of controlling access to a storage 

cell during read and write operations. A typical SRAM is one 

which uses six MOSFETs to store each of the memory bits. 

Access to the cell is enabled by the word line (WL in figure) 

which controls the two access transistors M5 and M6 which, in 

turn, control whether the cell should be connected to the bit 

lines: BL and BL bar. They transfer data for both read and write 

operations. 

The SRAM cell can be operated in three different states: 

standby where the circuit is idle, reading when the data has 

been requested and writing when it is updating the contents. To 

operate in read mode and write mode, it should have 

"readability" and "write stability" [2] respectively. The 

working of the three different states are as follows: 

 
2.1 STANDBY 

If the word line in the SRAM is not asserted, then the access 

transistors M5 and M6 disconnect the cell from the bit lines. 

Then the two cross coupled inverters formed by M1 – M4 will 

continue to reinforce each other as long as they are connected 

to the supply. 

 
2.2 READING 

Assuming that the content of the memory is a 1, stored at Q, 

the read cycle is started by pre-charging both the bit lines to a 

logical 1, then asserting the word line WL [4], enabling both 

the access transistors. The next step is storing the values in Q 

and Q bar which are transferred to the bit lines by leaving BL 

at its precharged value and discharging BL bar through M1 and 

M5 to a logical 0. On the BL side, the transistors M4 and M6 

pull the bit line toward VDD, a logical 1. If in the memory, 

there were a 0, the opposite would happen in which BL would 

be pulled toward 1 and BL toward 0. Then the BL and BL-bar 

will have a small difference of delta between them and then 

these lines reach a sense amplifier, which will sense which line 

has higher voltage and thus will tell whether a 1 or a 0 was 

stored. The higher the sensitivity of sense amplifier, the faster 

the speed of read operation of SRAM. 

 
2.3WRITING 

The write cycle begins by applying the value to be written 

to the bit lines. To write a 0, we apply a 0 to the bit lines, i.e. 

setting BL to 1 and BL to 0. A 1 is written by inverting the 

values of the bit lines. WL is then asserted and the value that is 

to be stored is latched in. Careful sizing of the transistors in an 

SRAM cell is needed to ensure proper operation. We can see 
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from the figure that M5 and M6 transistor are connected to 

write line and M7 and M8 transistor are connected to read line. 

The transistors are high voltage transistors that means 

threshold voltage is higher for these transistors as compared to 

the normal transistors. 

 

 

 

     Fig 1: Conventional 6T SRAM Cell 

 

 

III. PERFORMANCE ANALYSIS 

Analysis of sub-threshold designs [3] has focused on logic 

circuits. SRAMs comprise a significant percentage of the total 

area for many digital chips as well as the total power. For this 

reason, SRAM leakage can dominate the total leakage of the 

chip, and large switched capacitances in the bit lines and word 

lines make SRAM accesses costly in terms of energy. Pushing 

SRAM operation into the sub-threshold region reduces both 

leakage power and access energy. Also, for system integration, 

SRAM must become capable of operating at sub-threshold 

voltages that are compatible with sub-threshold combinational 

logic. Recent low power memories show a trend of lower 

voltages with some designs holding state on the edge of the 

sub-threshold region. Due to the lowering of the threshold 

voltages and scaling processes, the stability of SRAM maybe 

compromised. By analysing the performance of the SRAM, the 

factors affecting the stability are found.  

 

 
3.1 STATIC NOISE MARGIN (SNM) 

   The cell stability determines the sensitivity of the memory to 

process tolerances and operating conditions. It must maintain 

correct operation in the presence of noise signals. The stability 

[5] of SRAM cell in the presence of DC noise is measured by 

the static noise margin (SNM). SNM is the amount of voltage 

noise required at the output nodes to flip the state of the cell. 

 

The graphical method to determine the SNM uses the static 

voltage transfer characteristics of the SRAM cell inverters. Fig. 

2 shows the superposition of both inverters voltage transfer 

characteristic, resulting into a two-lobed curve referred to as 

the "butterfly" curve. 

 

 

 
 

 

Fig.2. Butterfly curve plots for SNM hold and read 

 

 

SNM varies in different operative modes. It is seen from the 

figure that during read operation, the SNM takes place its 

lowest value and the cell is in its weakest state. The read SNM 

[6] is calculated by setting the word-line to high and both bit-

lines are still pre-charged high. Then the internal node of the 

bit- cell representing a zero of pulled upward through the 

access transistor due to the voltage dividing effect across the 

driver and the access transistor. 

However, the potential stability problem of this design 

arises during read and writes operation, where the cell is most 

vulnerable towards noise and thus the stability of the cell is 

affected. If the cell structure is not designed properly, it may 

change its state during read and write operation. There are two 

types of noise margin which affects the Cell stability that are, 

Read Static-Noise-Margin (Read-SNM) and Write Static-

Noise-Margin (Write-SNM). 

 

 

3.2 NEGATIVE-BIAS TEMPERATURE INSTABILITY (NBTI) 

Negative Bias Temperature Instability (NBTI) [7] affects 

the p-MOSFET transistors. The degradation process caused by 

the generation of traps and partial recovery associated with 

reduction in traps. The rate of generation of these traps is 

accelerated by temperature, and the time of applied stress. 

These traps [9] cause an increase in the threshold voltage (Vth) 

of the PMOS transistors. An increase in Vth causes the circuit 

delay to degrade, and when this degradation exceeds a certain 

magnitude, the circuit may fail to meet its timing specifications. 

This effect is known as the Negative Bias Temperature 

Instability (NBTI). The rate of generation of these traps is 

accelerated by temperature, and the time of applied stress [8]. 
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These traps cause an increase in the threshold voltage (Vth) of 

the PMOS transistors. An increase in Vth causes the circuit 

delay to degrade, and when this degradation exceeds a certain 

magnitude, the circuit may fail to meet its timing specifications. 

This effect is known as the Negative Bias Temperature 

Instability (NBTI).  

 

 

 

 
 

 

Fig. 3. NBTI stress condition for single pMOS transistor 

 

As already mentioned, degradation [12] associated with 

NBTI could put serious limit to a lifetime of devices operated 

at elevated temperatures under the increased gate oxide field. 

It is commonly accepted that two kinds of trap contribute to 

NBTI: 

First, interface traps [9] are generated. Those traps cannot 

be recovered over a reasonable time of operation. Those traps 

are the same as the one created by channel hot carrier. In the 

case of NBTI, it is believed that the electric field is able to 

break Si–H bonds located at the Silicon-oxide interface. H is 

released in the substrate where it migrates. The remaining 

dangling bond Si- (Pb center) contribute to the threshold 

voltage degradation. 

on top of the interface states generation some preexisting 

traps located in the bulk of the dielectric (and supposedly 

nitrogen related), are filled with holes coming from the channel 

of pMOS. Those traps can be emptied when the stress voltage 

is removed. This Vth degradation can be recovered over time. 

 

The key parameters of the p-MOSFET, such as threshold 

voltage and saturation current, show a rapid shift under 

negative bias at an elevated temperature due to the build-up of 

positive interface charges. Since indirect measuring techniques 

[11] have to be applied, it is difficult to correlate measurement 

results to NBTI. Under dynamic operation of the transistor the 

interface traps which are generated during the on-state are 

partially annealed in the off-state. Therefore, the AC 

degradation is significantly lower than the DC degradation for 

any given stress time as shown in Figure 4. The magnitude of 

the NBTI driven parameter shift over time is significantly 

reduced for higher frequencies or smaller “on” duty cycles. 

 
 

 

Fig. 4. NBTI stress condition comparing AC vs DC 

 

 

3.2.1 FACTORS AFFECTING NBTI 

 In this section, we will discuss the impact of various factors 

[12] that affect the device performance due to NBTI and PBTI. 

The factors that primarily contribute to NBTI are the operating 

voltage, temperature, and stress time. 

 

A Operating voltage 

As the operating voltage increases, the negative bias of the 

PMOS transistors increases, which in turn increases the NBTI 

degradation. Scaling of technology node leads to high electric 

fields at the gate, causing NBTI. Higher operating voltages 

result in higher electric fields across the device junction 

resulting in higher stress. 

 

B Temperature 

The effect of NBTI worsens at an elevated temperature and 

shows exponential dependence due to the increasing 

dissociation of Si-H bonds at high temperature. Typical stress 

temperatures range from 100°C to 250°C, encountered during 

burn-in [4]. During extremely high-performance applications, 

possibly at the highest operating frequencies, the higher 

toggling activity of signal nets can result in formation of local 

hot-spots inside the chip’s functioning major parts, resulting in 

an elevated temperature in some parts of the chips. 

 

C Stress time  

Signal probability, the probability of input voltage to turn on 

gate of PMOS, governs the total time during which a transistor 

experiences stress. The probability of signal at a PMOS gate 

being 0/1 will govern the NBTI impact.When there are many 

transistors connected in series, the equivalent signal 

probability is taken into consideration for stress time. 

 
Figure 5 shows Shifted threshold voltage of a 32 nm pMOS 

transistor versus time for different S.P values. 
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Fig. 5. NBTI stress with time vs delta-Vth value plot 

 

 

IV. CONCLUSIONS 

 

The ongoing miniaturization in modern CMOS technologies 

leads to a more and more challenging SRAM design: during 

read operation the cell must not flip to prevent data loss. 

During write operation the memory cell must flip to write 

new data in the cell. The stability and robustness of a given 

SRAM cell is usually evaluated analysing both its dynamic 

and static behaviour during the typical operations: write, read 

and hold periods. Higher the value of SNM is, better the 

performance of the circuit and better cell stability. SNM can 

be achieved by modifying the device parameters of 

conventional 6T SRAM cell without requiring any 

modification of the SRAM cell array design. Constant efforts 

are also being made to analyze the different methods that can 

be used to lessen the effect of NBTI. It is also said that it is 

only possible to lessen the effect of NBTI but not completely 

get rid of it as it is a problem at the device level itself. There 

are a number of ways to reduce this effect of NBTI on the 

SRAM cells by which improved read stability and write 

ability have been achieved. Hence, it is possible to achieve a 

higher degree of stability and ability with the different 

methods on use but quite not possible to completely get rid of 

this problem. It is said to be impossible because, even though 

we analyze and find out a way to completely get rid of this, as 

and when we scale down the technology and hence the 

process, it becomes harder for us to determine a better way 

for the newly invented technology. 
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