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ABSTRACT 
Static Random-Access Memory (SRAM) is a semiconductor memory that uses bistable latching circuitry to store the each bit of 
datas. The term static RAM differentiates it from dynamic RAM (DRAM) which must be periodically refreshed. SRAM cell read 
stability and write-ability is the major portion in the nanometer CMOS technologies. Low-voltage operation for memories is 
attractive because of lower leakage power and active energy, but the challenges of SRAM cell design tend to increase at lower 
voltage operations. However, due to parameter variations in nanometer CMOS technologies, stable operation of SRAMs is critical 
for the success of low-voltage SRAMs. The analyze Schmitt-Trigger (ST)-based differential-sensing static random access memory 
(SRAM) bitcells for low-voltage operation. At this low voltage, the memory offers substantial power and energy savings at the cost 
of speed, making it well-suited to energy-constrained and power constrained applications. The ST-based SRAM bitcells address the 
fundamental design requirement of the read versus write operation of a conventional 11T bitcell. The ST based operation gives 
better read-stability as well as better write-ability compared to the standard 11T bitcell. To improve the speed and delay and to 
reduce the power consumption of single-ended read/write 11 T SRAM cell is implemented both in 45nm and 90 nm CMOS 
technology. 

 

KEYWORDS: Leakage power, Schmitt trigger, SRAM, Read stability, Write ability.  
 

INTRODUCTION 

  

With the rapid growth of modern communications and signal processing systems, the wireless computers 

and consumer electronics are becoming increasingly popular.SOC designs have made possible substantial cost 

and form factor reductions, since they integrate crucial memory components with digital computing and signal 

processing circuits on the same die which occupies 70% of the space. The SRAM is major component that only 

occupy larger area of the chip die and for SOC designs, the technology selection and system design choices are 

mainly driven by the digital circuit requirements. The demand for the static random-access memory (SRAM) is 

increasing with large use of SRAM in mobile products, System On-Chip (SoC) and high performance VLSI 

circuits. 70% of the area in the System On-Chip (SoC) is consumed by SRAM memory. SRAM is significant 

component used it is for the cache memory in microprocessors, main frame computers, engineering 

workstations and memory in hand-held devices due to high speed and low power consumption. 

In the designing of the memory system SRAM or DRAM memories are used. The main reasons are its 

design tradeoffs. It includes density, speed, volatility, cost and custom features. SRAMs are used in the circuit 

designs for its efficiency and cost. Since SRAM cells are high power consuming elements. We are introducing 

the Schmitt Trigger based designs to remove the unwanted power consumption. Process, Voltage and 

Temperature (PVT) are compares in the design of the SRAM cell. In the transactions of the SRAM cell requires 

minimum voltage for its operation, then it will search for Vmin. This will leads to the delay in the circuit 
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operation and gives the power leakage from the design. To reduce this type of power leakage and delays in the 

circuit we are introducing the Schmitt trigger (ST) SRAM cell in the design. If the operating voltage of the 

design is reduced, it leads to reduction in the power dissipation, thus the stability of the SRAM cell is disturbed. 

So the SRAM cell will not operates in the read and write operations properly. For getting better stability we are 

introducing Schmitt trigger (ST) s6T/8T/11T SRAM cells. 

This paper demonstrates the power consumption of various models of Schmitt trigger(ST) based SRAM cell 

with feedback mechanism circuit technique.All the circuit simulations has been done by using various 

schematics of the structures and post layout simulations are also being done after they all have been laid-out by 

considering all the basic design rules. Finally, the analysis of the power consumption and area of various SRAM 

cell designs with the proposed design is shown. To increase the read stability an extra peripheral circuitry can be 

added to 6T,8T,11T SRAM bit cell at the cost of increase in area overhead and power consumption. Several 

SRAM bit cell topologies have been proposed in the recent past in the improvement read stability. 

 

Literature survey: 

In[1] Single-Ended Schmitt-Trigger-Based Robust Low-Power SRAM Cell, by Sayeed Ahmad, Mohit 

Kumar Gupta, Naushad Alam, and Mohd. Hasan-August 2016.A Schmitt-trigger-based single-ended 11T 

SRAM cell, which significantly improves read and write static noise margin (SNM) and consumes low power. 

Simulation results show that the cell also achieves the lowest leakage power dissipation among the cells 

considered for comparison. We also investigate the impact of process, voltage, and temperature variations on 

various performance parameters, such as hold SNM, read SNM, write margin, immunity to half-select issue, 

ION/IOFF ratio of read path, and leakage power of the cell; Monte Carlo simulation results confirm the 

robustness of the proposed cell toward these issues. Layout drawn in a 45-nm technology rule shows that the 

proposed cell occupies 2.02×greater area as compared with 6T SRAM cells. However, 6.9×higherION/IOFF 

ratio of the read path of the proposed cell as compared with 6T cell holds potential to significantly subside the 

area overhead. A new figure of merit that comprehensively captures stability, delay, power dissipation, and area 

of an SRAM cell is also proposed. Based on the proposed metric, we observe that the proposed cell outperforms 

all, but one of the SRAM cells considered in this paper. 

In[2] 40 nm Bit-Interleaving 12T Subthreshold SRAM With Data-Aware Write-Assist ,by Yi-Wei Chiu, 

Yu-Hao Hu, Ming-Hsien Tu, Jun-Kai Zhao, Yuan-Hua Chu, Shyh-JyeJou, Ching-Te Chuang- September 2014. 

A new bit-interleaving 12T subthreshold SRAM cell with Data-Aware Power-Cutoff (DAPC) Write-assist to 

improve the Write-ability to mitigate increased device variations at low supply voltage under deep sub-100 nm 

processes. The disturb-free feature facilitates the bit-interleaving architecture that can reduce multiple-bit errors 

in a single word and enhance soft error immunity by employing error checking and correction (ECC) 

techniques. The proposed 12T SRAM cell is demonstrated by a 4 kb SRAM macro implemented in 40 nm 

general purpose (40GP) CMOS technology. The test chip operates from typical Vdd to 350 mV (approximate 

100 mV lower than the threshold voltage) with Vdd min limited by Read operation. Data can be written 

successfully for Vdd down to 300 mV. The measured maximum operation frequency is 11.5 MHz with total 

power consumption of 22micro Watt at 350 mV, 25 degree Celsius. 

In[3] A 256-kb 65-nm Sub-threshold SRAM Design for Ultra-Low-Voltage Operation, by Benton 

Highsmith Calhoun, Anantha P. Chandrakasan-March 2007. Low-voltage operation for memories is attractive 

because of lower leakage power and active energy, but the challenges of SRAM design tend to increase at lower 

voltage. This paper explores the limits of low-voltage operation for traditional six–transistor (6 T) SRAM and 

proposes an alternative bitcell that functions to much lower voltages. Measurements confirm that a 256-kb 65-

nm SRAM test chip using the proposed bitcell operates into sub-threshold to below 400 mV. At this low 

voltage, the memory offers substantial power and energy savings at the cost of speed, making it well-suited to 

energy-constrained applications. The paper provides measured data and analysis on the limiting effects for 

voltage scaling for the test chip. 

In[4] Read Stability and Write-Ability Analysis of SRAM Cells for Nanometer Technologies, by Evelyn 

Grossar, Michele Stucchi, Karen Maex Wim Dehaene- November 2006. SRAM cell read stability and write-

ability are major concerns in nanometer CMOS technologies, due to the progressive increase in intra-die 

variability and Vdd scaling. This paper analyzes the read stability N-curve metrics and compares them with the 

commonly used static noise margin (SNM) metric defined by Seevinck. Additionally, new write-ability metrics 

derived from the same N-curve are introduced and compared with the traditional write-trip point definition. 

Analytical models of all these metrics are developed. It is demonstrated that the new metrics provide additional 

information in terms of current, which allows designing a more robust and stable cell. By taking into account 

this current information Vdd , scaling is no longer a limiting factor for the read stability of the cell. Finally, 

these metrics are used to investigate the impact of the intra-die variability on the stability of the cell by using a 

statistically-aware circuit optimization approach and the results are compared with the worst-case or corner-

based design. 
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In[5] Single-Ended Subthreshold SRAM With Asymmetrical Write/Read-Assist, by Ming-Hsien Tu, Jihi-

Yu Lin, Ming-Chien Tsai, Shyh-Jye Jou, Ching-Te Chuang- December 2010. Asymmetrical Write-assist cell 

virtual ground biasing scheme and positive feedback sensing keeper schemes are proposed to improve the read 

static noise margin (RSNM), write margin (WM), and operation speed of a single-ended read/write 8 T SRAM 

cell. A 4 Kbit SRAM test chip is implemented in 90 nm CMOS technology. The test chip measurement results 

show that at 0.2 V Vdd, an operation frequency of 6.0 MHz can be achieved with power consumption of 10.4 u 

W. 

In[15] to [31], authors’ have described various image denoising techniques which can be used in denoising 

SRAM memory cells. 

 

Conventional 6T SRAM: 

SRAM bit cell is the basic building block of SRAM caches. Each bit cell stores one bit of information. The 

main parameters that should keep in mind while designing SRAM bit cells are bit cell area, speed, stability, 

power consumption and yield .Figure1 shows the schematic diagram of conventional 6T SRAM bit cell. A 

conventional 6T-SRAM bit cell consists of two cross coupled inverters (INV1 and INV2) and access transistors 

(M1 and M2). The access transistors allow access to the data stored during read and write operations and 

provide isolation from other bit cells during hold state. Bit cells are accessed by asserting the word-line (WL) 

during a read or write operation by the access transistors.  

 

 
Fig. 1: Schematic of conventional 6T SRAM 

 

A. Standby Mode: 

In standby mode word line is not asserted (word line=0), so pass transistors N3 and N4 which connect 6t 

cell from bit lines are turned off. It means that cell cannot be accessed. The two cross coupled inverters formed 

by N1-N2 will continue to feed back each other as long as they are connected to the supply, and data will hold in 

the latch. 

  

B. Read Operation: 

The 6T SRAM equivalent schematic diagram during read operation. Bit lines are precharged to supply 

voltage before read operation. The read operation is initiated by enabling the wordline (WL) and thereby 

connecting the internal nodes of the SRAM bitcell to bit-lines. The bit line voltage is pulled down by the n MOS 

transistor at the ‘0’ storage node and the difference between two bit line voltages will be detected by sense 

amplifier. When the word line (WL) is high, one of the bit line voltages is pulled down through transistors M2 

and M6 or M1 and M4. 

 

C. Write Operation: 

The write operation begins by forcing a differential voltage (VDD, and 0) at the bitline pairs (BLB and BL). 

This differential voltage corresponds to the data to be written at the storage nodes (Q and QB) and it is 

controlled by the write drivers. The WL is then activated to store the information from the bit-line pairs to 

corresponding storage nodes. Assume, the nodes Q and QB initially store values ‘1’ and ‘0’ respectively. When 

the WL is asserted the access transistor (M1) connected to BL (at ‘0’) is turned on, a current flows from VDD to 

BL through M3 and M1. 
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Schmitt trigger based 6T SRAM cell: 

When the input is higher than a certain chosen threshold, the output is high; when the input is below another 

(lower) chosen threshold, the output is low; when the input is between the two, the output retains its value. The 

trigger is so named because the output retains its value until the input changes sufficiently to trigger a change. 

This dual threshold action is called hysteresis, and implies that the Schmitt Trigger has some memory. The 

benefit of a Schmitt Trigger over a circuit with only a single input threshold is greater stability (noise 

immunity). With only one input threshold, a noisy input signal near that threshold could cause the output to 

switch rapidly back and forth from noise alone. A noisy Schmitt Trigger input signal near one threshold can 

cause only one switch in output value, after which it would have to move to the other threshold in order to cause 

another switch. The Schmitt Trigger circuit has been widely used in the input buffers to increase noise 

immunity. 

In order to find a solution for the conflicting read versus write operation design requirement in the 6T 

SRAM Cell, Schmitt Trigger principle is applied for the cross coupled inverter pair is shown the Figure 2. A 

Schmitt trigger increases or decreases the switching threshold of an inverter depending on the direction of the 

input transition. In this, a feedback mechanism in pull down path is used. 

 During a read Operation (Q =‟0‟ and QB =‟1‟), the voltage on Q rises due to voltage divider action 

between access transistor and pull down transistor. If this voltage becomes higher than the switching threshold 

of the other inverter, the content of the cell can destroy. This result read failure event. 

In order to avoid read failure event, this topology is used. In this topology, transistor M4 and N3 raises the 

switching threshold of source voltage of transistor M3. Thus the feedback transistor tries to preserve the logic 

‟1‟ at the output of cell. 

 

 
  

Fig. 2: Schematic of ST (Schmitt trigger)6 T SRAM 

 

During the read operations is storing logic „0‟and w is storing logic “1‟. When WL is turned ON, (WWL is 

OFF for the duration of read) For the inverter storing “1‟ the feedback mechanism is provided by the WL access 

transistor (M8) compared to the 6Tcell the results are better by read stability.  

During the write operation, assume r=0 and w=1. In write mode both WL and WWL are turned on while 

BR is pulled to GND and BL is charged to VDD. For the left-side inverter, both access transistors M9and M10 

might current through the pull down transistor M6.increased current through M6 increases the voltage at the 

nodes to be higher than the read mode voltage is shown in Figure 3.  
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Fig. 3: Waveform of ST 6T SRAM read /write operation 

 

Conventional 11 T SRAM: 

Single ended 11T SRAM cell for bit interleaving application has been proposed, the idea of bit interleaving 

originate from the differential 8T SRAM cell. Later the same idea is used in read disturb free 9T SRAM cell. 

The working of the proposed cell is a little bit similar to the 9T SRAM cell with improved performance 

parameters i.e. less power consumption, high speed, less PDP and high stability at the cost of area. The proposed 

SRAM cell consist of eleven transistors seven NMOS from N1 -N7 and four PMOS from P1-P4 shown in 

Figure 4 . Read access is single ended and occurs on the separate bitline (RBL). The read wordline RWL is 

distinct from the write wordline (WL). To store the data at the storage nodes Q and nQ, the read wordline RWL 

is set to be low. Transistors M7 and M10 are used to decouple the storage nodes (Q and nQ) from read bitline 

during write operation and standby mode so that proposed cell has distinct write and read ports. Due to separate 

read and write circuits, the previously stored data remains intact in the cell during next write operation as long 

as RWL=0. The switching behavior of the transistors M8 and M9 is decided by the voltage at the storage nodes.  

 

 
Fig. 4: Schematic of conventional 11 T SRAM 

 

A. Hold Mode: 

In hold mode, set the word line (WL) at pre-charge high voltage while RWL signal set at low voltage that 

leads to transistor N1 & N2 turns off to prevent the access of bit lines, CBLB is set high to turn on transistor N6 

as a result data retention is afforded by the cross coupled inverter pair.  

 

B. Write Mode: 
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In write operation WL is set at low voltage and CBL signal set to high voltage, hence as a result LWL 

signal is pre-charged to high value hence data is written through bit-line (BL) to storage nodes ( Q & QB ) 

through N1. 

 

C. Read Mode: 

During read mode first of all set BL to high voltage, then the read operation start through the special word 

line RWL. CBL connect to high and the CBLB is connected to low voltage and WL remains at high voltage. By 

simulation result we have observed that proposed 11T SRAM cell generates Q and QB output which has proper 

logic with proper output waveform. The output waveform for proposed 11T SRAM cell. 

 

Schmitt trigger based 11 T SRAM cell: 

The schematic of 11-T SRAM cell is shown in Figure 5. The upper part of the circuit (encircled with dotted 

line) is essentially 6T cell and is used to perform write operation. Transistors M8, M9 and M11 are used for 

reading the content of the storage nodes (Q, nQ). Read access is single ended and occurs on the separate bitline 

(RBL). The read wordline RWL is distinct from the write wordline (WL). To store the data at the storage nodes 

Q and nQ, the read wordline RWL is set to be low. 

 

 
 

Fig. 5: Schemativ of ST (Schmitt trigger) 11T SRAM. 

 

A. Write Operation: 

During write operation RWL is set to low (RWL=0). The write operation in the proposed cell is performed 

by setting the bitlines (BL and BLB) to the desired logic before asserting WL=Vdd. The write circuit of the 

proposed cell is similar to the conventional 6T cell. 

 

B. Write Operation: 

During write operation RWL is set to low (RWL=0). The write operation in the proposed cell is performed 

by setting the bitlines (BL and BLB) to the desired logic before asserting WL=Vdd. The write circuit of the 

proposed cell is similar to the conventional 6T cell is shown in Figure 6. As the Schmitt trigger based designs 

are having high number of transistor to make the read stability that is 10 Transistor which very high when 

compared to the existing 6T SRAM Design. Our proposed work to reduce the count than the Schmitt trigger 

based designs at the same time we are going to achieve reduced power consumption with reduced transistor 

count without affecting the read stability. 
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Fig. 6: Waveform of ST 11T SRAM read /write operation 

  

Static power, total power and access time for single cell are given in Table1. From Table 2, it is observed 

the total power reduced by 1.15X and when high Vt devices are introduced it is further reduced by 1.52X. For 

4words X 4bits SRAM, the total power reduced by 1.5X and when high Vt devices are introduced it further 

reduced by 1.96X, Table 3 gives the observation of power consumption. Total power dissipation for 8X8 array 

is provided in Table 4. It is observed that the total power reduced by 1.29X and 1.45X when high Vt devices are 

introduced. From Table, it is observed that the total power reduced by 1.59X and when high Vt devices are 

introduced it further reduced by 1.82X. The comparisons for Schmitt trigger 6T, 8T and 11T SRAMs are made 

based on these parameters. 

 

Schmitt trigger based 8T SRAM cell: 

The proposed 8T ST SRAM cell design is shown in Figure7. The proposed design focuses on making the 

basic inverter pair of the memory cell effective for low voltage operations. The transistors P11, P12, P13, N11 

forms one inverter pair and P21, P22, P23, N21 forms another inverter pair. The transistors N11 and N21 are 

also used as access transistors for the bit line. At low voltages, the cross coupled inverter pair stability is of 

major concern during the transition and read operation, to improve the stability of data read (0 and 1), Schmitt 

trigger  

Configuration is used. In this design, Schmitt trigger increases or decreases the switching threshold of an 

inverter depending on the direction (PX and NX) of the output transition. This adaptation is achieved with the 

help of series transistor feedback technique with reduced transistor count for the Schmitt trigger operation. 

 

 
 

Fig. 7: Schematic of ST 8TSRAM 
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Fig. 8: Waveform of ST 8T SRAM read /write operation 

 

8x8 6T SRAM ARRAY: 

8x8 array for SRAM system is shown as a block diagram in Figure 9. The 4x4 array for SRAM system is 

implemented using sixteen Asymmetric 10T SRAM with AVL cells. These are divided into 4-columns of 4-

bits.each. Sixteen Asymmetric 10T-SRAM with AVL cells, address decoder, precharge circuitry, data write 

circuitry, and sense amplifiers are designed to cater to the 4words x4bits SRAM array in 180nm technology. The 

complete top level schematic of data write and read for memory array system is shown in Figure.9. This 

schematic shows all the different peripheral circuits combined with the static RAM cells, and forms a complete 

working SRAM system for data write and read. 

 

 
 

Fig. 9: Schematic of 8x8 6T SRAM array 

 

The 8x8 memory array is capable of storing bits. The datain8 is the input data signal. The corresponding 

wordline ‟9‟ is selected which act as a control signal for write and read operation. The corresponding output 

signals„q8‟ and‟ ro8‟ are write and read signals. The read and write operations are illustrated in the above 

figure. The write operation can be explained as , when the write enable signal goes high to logic “1”, the “q8” 

output goes high hence logic “1” is written into the memory. One can say that logic “1”is stored into the 

memory. The “q8” output signal retains its earlier value until next arrival of logic “1” write enable signal. The 

logic “0” is written into the memory i.e. the “q8”output signal goes low logic “0” when second time write enable 

goes high. The read operation can be explained as , when the sense enable signal goes high to logic “1”, the 

“ro8” output goes high hence logic “1” is read into the memory. One can say that logic “1” is read into the 

memory. The “ro8” readout output signal retains its earlier value until next arrival of logic “1” sense enable 

signal. The logic “0” is read into the memory i.e. the “ro8”output signal goes low logic “0” when second time 

sense enable goes high. Hence write and read operations are explained. 

 
Table 1: Total power dissipation of 8x8 SRAM array. 

8x8 SRAM array Total power(µW) 

Conventional 6T SRAM 772.5 

8x8 6T SRAM array 57.8 

 

Table 2: Acess time of single SRAM 

ACCESS TIME OF SRAM CELL(ns) 

operation 
6T SRAM cell 11T SRAM cell 8T SRAM cell 

Conventional ST Conventional ST Conventional ST 

Read 0 69.91 38.64 73.85 

 

65.02 

 

 

71.52 

 

 
66.78 

Read 1 75.48 60.75 78.67 63.70 76.39 63.70 

Write 0 148.80 38.53 104.96 64.95 125.38 64.95 

Write 1 167.78 78.43 86.68 81.67 64.95 81.58 
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Fig. 10: Read/Write access time of 6T SRAM  

 

 
Fig. 11: Read/Write access time of 11T SRAM  

 

 
Fig. 12: Read/Write access time of 8T SRAM 

 
Table 3: Power dissipation of SRAM 

Total power dissipation 

(nW) 

6T SRAM cell 11T SRAM cell 

Conventional ST Conventional ST 

305.7000 39.3700 203.5000 16.1300 

 

Static power, total power and access time for single cell are given in Table2. From Table II, it is observed 

the total power reduced by 1.15X and when high Vt devices are introduced it is further reduced by 1.52X.  

 

Conclusion: 

A 6T, 8T, 11T ST SRAM cell is presented in this paper for enhancing the read SNM while reducing the 

leakage power consumption as compared to the conventional 6T SRAM circuits. The proposed static memory 

circuit provides two separate data access mechanisms for the read and write operations. During a read operation, 

the stored data is isolated from the bit lines, thereby enhancing the read SNM by 2xas compared to the 

conventional 6T, 8T, 11T SRAM cells. Due to the enhanced stability of the stored data, the transistors in a 

SRAM cell are sized significantly smaller as compared to the corresponding transistors in a standard SRAM 

cell. Leakage power consumption of a super cutoff ST SRAM cell is reduced as compared to a standard SRAM 

cell. The effectiveness of the 6T, 8T, 11T ST SRAM cell for providing significant data stability enhancement 

and leakage power reduction is also verified under process parameter variations. 
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