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integrating 256 cells in a single column. In this paper, we 
proposed a new tri-state based design for SRAM cell and 
also integration of cells in an array. Proposed design 
improves write-ability and read stability over conventional 
6T design, while consumes lower leakage in idle mode and 
active power for write operation. 

The rest of this paper is organized as follows. In Section 
II, we consider and describe some challenges of using 
conventional 6T SRAM cell in sub-threshold region, Section 
III introduces our proposed 8T SRAM cell. The simulation 
results for our proposed design are presented in Section IV. 
Section V shows the great effects of using Fin FET 
transistors on improving the SNM for our proposed design. 
In Section VI, integration of the proposed cell in an SRAM 
array is described. Finally, Section VII concludes the 
manuscript. 
 

2. SRAM Cell Challenges in Sub-
Threshold Region 
 
At low supply voltages, 6T SRAM cell functionality is 
impaired. This disorder generally includes one of the issues 
of write failures, read failures, and low noise margins while 
reading and maintaining the data [8]. In the following 
subsections, these challenges are discussed. 
 

 
 

Figure 1. Conventional 6T SRAM cell 

 

 
 

Figure 2. Illustration of (a) successful and (b) unsuccessful 
read operations in a convertional 6T cell [8] 

 
2.1. Unsuccessful Write Operation in 
Conventional 6T SRAM Cell 
 
Write failure occurs when correct data cannot be written in 
storage cells. In reality, due to strong feedback effect of 
back-to-back transistors, with a weak access transistor, 
writing data correctly would be challenging and in many 
cases impossible. As depicted in transistor-level schematic of 
conventional 6T SRAM cell in figure 1, to have a successful 
write operation, size of access transistors M5 and M6 must 
be greater than PMOS transistors of back-to-back inverters 
M3 and M4. In the next sub-section, we describe the 
situation for unsuccessful read operation. 

2.2. Unsuccessful Read Operation in 
Conventional 6T SRAM Cell 
 
Unsuccessful read operation occurs when stored data in the 
cell changes during read operation. To be more precise, top 
right graph in figure 2 shows the successful read operation 
where the voltages Vqb and Vq maintain their values and do 
not flip, or in other words Vqb stays higher than Vq during 
reading operation. However, the bottom right graph in figure 
2 shows that in the reading operation, when word-line signal 
WL goes high, voltage Vq starts rising and at the end of the 
operation the Vq node flips and falsely becomes high. 
Obviously, this is an undesired situation causing corruption 
in the stored value of the cell.  

Figure 3 shows the probability of read and write failures 
versus supply voltage for conventional 6T cell. To prevent 
the flipping problem, size of access transistors must be as 
small as possible but in other hands, for successful write 
operation, size of access transistors cannot be very small. 
 

 
 

Figure 3. Read/Write failure probability of conventional 6T 
cell versus VDD 

 

 
 

Figure 4. Read butterfly plot of conventional 6T SRAM cell 
at supply voltages of (a) 800mV, and, (b) 300mV, in 
presence of process variation 
 

This is the dilemma of access transistor sizing in 
conventional 6T cell. That is if we choose large ones, the 
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reading operation will be unsuccessful and if we choose 
small ones, the writing operation might become 
unsuccessful. 
 
2.3. Low Read SNM for Conventional 6T 
SRAM Cell 
 
Conventional 6T SRAM cell has good Hold SNM but it 
suffers from very low SNM for Read especially at low 
voltages. Standard procedure to get SNM of SRAM cells is 
to plot its butterfly diagram while considering possible 
environment and process variations that might occur during 
device’s operation and try to place the biggest possible 
square in the butterfly; dimensions of the square                 
will be SNM of that particular cell for the particular 
operation. Clearly, if two sides of curves in a butterfly 
diagram do not meet, there exist some SNM, but if these 
sides meet together, the SNM will be zero. Figure 4 shows 
the butterfly diagram of conventional 6T SRAM cell at 
800mV and 300mV supply voltages, which are gained by 
performing 1000 Monte Carlo simulations to model process 
variation. From this diagram, it is clear that there is some 
margin at 800mV but there is no margin at 300mV, so SNM 
at 300mV is zero. 
 

 
 

Figure 5. Proposed 8T SRAM cell for sub-threshold region. 
 

3. Proposed 8T SRAM Cell Design 
 
Transistor-level schematic of our proposed 8T SRAM cell is 
represented in figure 5 In this design read/write access 
transistors and their respective bit-lines are separated, to get 
independent read and write operations, causing a relaxation 
in sizing of access transistor problem. Therefore, we can 
choose large size write access transistor (large M5 in figure 5) 
to have successful write operation and a small one (M6) at 
read side to get successful read operation. In this proposed 
design, read operation is triggered by setting RWL signal to 
VDD, which puts read access transistor (M6) and read       
bit-line (BLT) in charge of performing read operation. In 
other side of cell, Write operation is done through M5 and 
BLC Bit-Line and by setting the WL to VDD. The main idea 
behind our improved cell is weakening the left inverter in the 
cell (that is figure hting with write access transistor while 
writing) during the write operation.  

This goal is reached by adding one PMOS and one 
NMOS (M7 and M8 in figure 5) transistor in series with 
transistors of left inverter (which must be weakened during 

write state) in the cell. These transistors are turned off during 
write operation, so in the write operation supply voltage of 
left inverter decreases and its ground rail increases slightly. 
In this situation, the inverter figure hting with write access 
transistor is weakened and probability of successful writing 
will increase tremendously. To have better write operation, 
we can also increase the size of write access transistor 
slightly. At the other side, to prevent unsuccessful read 
operation, we can choose a minimum size transistor for read 
access transistor, M6. 
 

 
 

          (a) Conventional 6T SRAM                    (b) Proposed 8T SRAM 
 

Figure 6. Writing and reading peripherals 

 

 
 

Figure 7. Read-out circuitry used in our design to accelerate 
reading operation 
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Alyet. al [9] gained an improved write-ability by adding a 
single transistor and using 7T SRAM. However, adding an 
NMOS transistor with nature of weakening the passing VDD 
signal is a drawback that will lead to having smaller Hold 
SNM that is very crucial in operation of SRAM cell. 
 
3.1. Read and Write Operations in Proposed 8T 
Cell 
 
As shown in Figure 6 (a), in conventional 6T cell, due to its 
differential bit-lines, read/write operations are performed 
differentially, so differential sense amplifiers are used to 
increase speed of read operation. This situation is not the 
same in our design. In our proposed 8T cell read and write 
bit-lines are separated and read/write operations are 
performed single ended. In other word, in our design we 
sacrificed the speed to get better noise margin at lower 
supply voltage. To be more specific, in write state the write 
data must be put on 'in' node (Figure 6 (b)) and in read state, 
content of the cell can be read from appropriate bit-line. In 
our design to accelerate the reading operation, a read-out 
circuitry similar to that of [10] was used. This read-out 
circuit is shown in figure 7 As depicted in figure 6 (b), in 
order to perform a successful writing process on cells, the 
write data is passed through a chain of buffers. In this chain 
the last inverter besides write bit-line is sized smaller to 
prevent unwanted increase in the bit-line capacitance.  

In order to prevent this chain of buffers from impacting 
behavior of cells array, we used a transmission gate to cut the 
input data path from write bit-line when SRAM is not in 
write state. Therefore to control these T-gates, we used 
‘wr_en’ and its complement to drive T-gate’s inputs. During 
write operation, the M3 (Figure 5) transistor will figureht 
against written 0, and M1 (Figure 5) will do the same against 
written ‘logic-1’ value. Consequently, in order to guarantee 
the superiority of access transistor, in addition to floating the 
VDD and GND rails of left inverter (the challenging one) 
and increasing size of write access transistor, size of M1 and 
M3 are chosen small enough. This idea also results in relaxed 
area overhead of adding two transistors to the cell in the 
proposed 8T SRAM cell. It must be noted that in 
conventional 6T SRAM cell to reduce the probability of 
unsuccessful read, size of NMOS transistors in                
back-to-back inverters are chosen larger than access 
transistors [11]. 

In our proposed design as shown in Figure 6 (b), to have 
a successful reading process, the read bit-line must be        
pre-charged to VDD. This operation is done using a single 
PMOS transistor (M2 in figure 6 (b)). So when the RWL 
signal is charged to VDD the content of the cell can be 
sensed by a single ended sense amplifier which makes the 
read operation even faster. 
 
3.2. Reducing Leakage Current Between Cells 
and Bit-Lines 
 
To reduce the leakage current in SRAM cell arrays, using a 
couple of PMOS transistors, we set the voltage of bit-lines to 
VDD in hold state which results in reduced leakage current 
between cells and bit-lines. The explanation for this behavior 
can be given by examining the sub-threshold current ID౩౫ౘ

 
equation shown below in Eq (1) [12]: 

 

IDSUB
ൌ I଴ exp ൬

VGS െ VT െ ηVDS

ηVTH
൰ ሺ1 െ exp ሺെ

VDS

VTH
ሻ                 ሺ1ሻ 

 
From above equation it can be deduced that, sub-threshold 

current depends exponentially on voltage between gate and 
source ሺܸீ ௌ) and if ܸீ ௌ is reduced, sub-threshold current will 
decrease rapidly with a large gain. So when SRAM is in 
Hold mode, WL and RWL are 0, and if voltages of Bit-Lines 
BLC and BLT are set to VDD, then voltage between gate and 
source of these access transistors is equal to ‘-VDD’. 
Consequently, sub-threshold current is reduced 
exponentially. Our simulation results show that current 
passing through access transistor which is connected to the 
node that stores ‘logic-1’ is decreased but the current through 
access transistor neighboring the node that stores ‘logic-0’ is 
increased slightly. Increasing sub-threshold current for         
'0-stored' side is due to decreasing ஽ܸௌ  (becoming more 
negative) that causes the leakage current to increase 
according Eq (1). 

Our simulation results show that setting voltage of bit-
lines to VDD in hold mode decreases ܫ஽ೞೠ್

 for ‘1-stored’ 
sides by 19.41 times and increases it by 1.1 times at '0-stored' 
sides. The net result is that leakage current between cell and 
Bit-Lines is almost 10\% decreased by charging bit-lines to 
VDD. This method increases ID౩౫ౘ

at the side that stores 
‘logic-0’ and decreases it at the side that stores ‘logic-1’. All 
cells store ‘logic-0’ at one side and ‘logic-1’ at the other side, 
so this method decreases the net leakage for each individual 
cell. Thus, the above improvement for leakage is applied for 
all cells in the SRAM array. In addition to decreasing leakage 
current, setting voltage of Bit-Lines to VDD in Hold mode 
will prevent these lines from floating that leads to      
removing the potential for undesired problems caused by 
floated lines. 
 
Table 1. Sizing of transistors for conventional 6T SRAM cell 

 

transistor M1 M2 M3 M4 M5 M6 
W/L 3.5 3.5 2 2 2.5 2.5 

 

4. Simulation Results 
 
We designed our proposed 8T SRAM in a 90nm industrial 
technology and simulated it with HSPICE 2011. The 
simulations were performed at 27oC, and in typical 
processing corner. Monte Carlo simulation is used to model 
the effect of fabrication process and environment variations. 
Table 1 shows the sizing of transistors for conventional 6T 
SRAM cell which we used to compare with our design.  

In our proposed 8T design, W

L
 for write access transistor 

M5 is 3, W

L
 of driver transistors M1/2 are 3.5, and W

L
 for other 

transistors are 2 (that is minimum allowable size convenient 
for implementation in layout). To evaluate the proposed 
design, we simulated the proposed 8T SRAM, conventional 
6T SRAM, and three other designs reported in recently 
published literature. In the rest of this paper, we use WRE8T 
to refer to our proposed Write and Read Enhanced 8T SRAM 
Cell, ST10T for design of reference [13] and LP10T, and 9T 
for designs of [14] and [15], respectively. 
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Table 2. Comparison of operating metrics of our proposed 8T SRAM cell with four other designs at VDD=500mV and T=27oC 
 

Metrics RSNM (mV) HSNM (mV) Write Power. Single Cell (ߤW) Leakage Power. Single Cell (nW) 
WRE8T 65.9 175.4 12.48 15.08 

ST10T [13] 115.9 209.9  24.46 18.69 
LP10T [14] 205.6 72.2 25.18 9.33 

6T conv. 72.2 178 27.31 16.32 
9T [15] 178 178 26.6 16.25 

 
Table 2 summarizes simulation results for power 

consumption of single write operation, leakage power for 
single cell, Hold SNM (HSNM) and Read SNM (RSNM) for 
all test cells. As mentioned earlier, WRE8T design is very 
low power. According to table 2, this design consumes 49% 
lower power compared to the previous design with lowest 
power consumption. This power is for a cell and its write 
drivers for single write operation. One of the reasons for this 
improvement is that in WRE8T design, write operation is 
single ended, so the power consumption of write drivers for 
this design is almost half of the others. 

Lowest Leakage power for single cell belongs to LP10T 
design. This is due to the added tail transistor in this cell that 
is off in the idle mode, implying reduced leakage power due 
to stacking effect [16]. Although this added transistor 
reduces the leakage power of LP10T cell, but it makes this 
cell very weak during idle mode. The smallest HSNM in 
table 2 for LP10T cell approves this statement. After LP10T 
cell, WRE8T cell has the smallest leakage power due to 
stacking effect. At room temperature (27oC) and at 
VDD=500mV, leakage power of WRE8T cell is lower than 
conventional 6T by 15%. This improvement becomes more 
significant for larger VDDs and temperatures. For example, 
at VDD=800mV and T= 110oC, the improvement becomes 
20%. ST10T suffers from high leakage power. This is due to 
the added two NMOS feedback transistors connected to 
VDD that always one of them is ON. 

Simulation results that are shown in table 2 also 
demonstrate that HSNM and RSNM of WRE8T and 6T cell 
are lower than other designs and the difference between 
WRE8T and 6T is small. It is expected that using Fin FET 
transistors will improve these parameters; this part will be 
discussed in next section. 

Figure 8 shows Write Noise Margin (WNM) of our 
WRE8T and other designs at three different supply voltages. 
As represented, WNM of the proposed cell is better than 
others considerably. This improvement is due to two main 
reasons. At the first place, the provided virtual rail in the 
proposed design becomes float during write operation that 
leads to having better write-ability. Second, due to the ability 
of individual sizing of access transistor in the proposed 
design, size of write access transistor is selected larger, 
which results in better write operation. 

Figure 9 shows the layout of proposed 8T SRAM cell and 
Figure 10 shows layout of conventional 6T cell, both in an 
industrial 90nm technology. Dimension of WRE8T cell is 
 m while dimension of conventional 6T SRAMߤmൈ1.11ߤ2.6
cell is 2.26ߤmൈ0.9ߤm. So the area of WRE8T cell is 29% 
larger than 6T. In [14], the authors compared the area of their 
cell and also ST10T cell with 6T. Using this information, 
ST10T and ST10T cells areas are 38% and 40%, respectively 
larger than the area of our design. 

 
 

Figure 8. Write Noise Margin of different SRAM cells at 
three supply voltages 
 

 
 

Figure 9. Layout of WRE8T cell in an industrial 90nm 
technology 

 

 
 

Figure 10. Layout of 6T cell in an industrial 90nm 
technology 
 

5. Designing Proposed 8T Cell Using 
Fin FET Transistors to Improve RSNM 
 
Fin FET transistors have sharper VTCs compared to 
MOSFETs. This property leads to having larger SNMs for 
Fin FET based SRAM cells [17]. 
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(a) Sharing power floating rail (b) Sharing ground floating rail [8] (c) Sharing both power and ground floating rails 
 

Figure 11. Three possible SRAM cells by sharing PMOS and NMOS transistors or both of them in WRE8T cell 

 
Thus, to show improvement of RSNM and HSNM of 

proposed 8T SRAM cell and to test the scalability of the 
design, we designed this cell using 16nm PTM technology 
[18] using both Fin FET and Bulk-CMOS transistors. Due to 
better control on the channel in Fin FET transistors, these 
transistors exhibit better leakage power, larger ܫ௢௡/ܫ௢௙௙, and 
larger subthreshold slope factor compared to MOSFETS [19]. 
Thus, in this section we are not worry about degrading this 
metrics using Fin FET transistors and just extracte and 
compare SNMs. Table 3 lists RSNM and HSNM of proposed 
8T SRAM cell using Fin FET and Bulk-CMOS transistors. 
As seen, Fin FET based SRAM cell improves both RSNM 
and HSNM considerably. 

By comparing HSNM for Fin FET based SRAM for 
proposed cell with HSNM of the best design in table 2, it can 
be understood that by designing our proposed cell using Fin 
FET, HSNM of our design will reach to the design with the 
best HSNM in table 2. 
 

6. Integration of Proposed Cell in the 
SRAM Array 
 
In the proposed 8T SRAM cell, a PMOS and an NMOS 
transistor is added to the cell. These transistors provide 
virtual power and ground rails in write operation to improve 
write-ability of the cell. These transistors can be shared 
between some neighboring cells in the SRAM array. 
Depending on that which of these NMOS or PMOS 
transistors are shared, three possible SRAM cells might exist. 
Figure 11 shows these three possible SRAM cells. 7T SRAM 
cell in Figure 11 (b) was used in our previous work [8]. In 
this paper to further reduce the number of transistors             
in each SRAM cell, we used the third architecture         
(Figure 11 (c)). 

In these new SRAM arrays, there are some possible 
architectures to share floating power and ground rails. Figure 
12 shows three possible architectures for sharing virtual rails. 
In this figure, in part (a) virtual rails are shared among all 
cells in the array and in part (b) these rails are shared for all 
cells in the same column. In these architectures, there are 
some cells that power and ground rails of them are floated 
while they are not selected (their word-lines are set to 0). 
These cells are called 'half selected (HS)' cells. Half selected 
cells have potential of un-stability and in this figure are 
shown by light brown color. Simulations show that when 
using SRAM cells of figures 11 (a), 11 (b), and 11 (c), mean 
of hold SNM in 1000 runs of Monte Carlo simulations for 

half selected cells are 0.55mV, 32.15mV, and 5.28mV, 
respectively at supply voltage of 500mV.  
 

 

Figure 12. Three possible architectures for sharing power and 
ground rails: (a) sharing virtual rails for all cells in the array; 
(b) sharing virtual rails for each column; (c) sharing virtual 
rails for each row 

 
Table 3. RSNM and HSNM comparison for proposed 8T 
SRAM cell using Fin FET and Bulk-CMOS transistors 
 

Design RSNM (mV) HSNM (mV) 

Fin FET based cell 93.5 202.5 

Bulk-CMOS based cell 10 134.9 

 
Table 4. Power consumption comparison for two cases in 
architecture of figure 14 
 

VDD=1.0V Case 1څ Case 2º WRE8T 

Write power 
 (Wߤ)

68.34 9.87 9.83 

 In this case voltage of right internal node in SRAM cells of theڅ
same column are set to ’1’. 

oIn this case voltage of right internal node in SRAM cells of the 
same column are set to ’0’. 
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These SNMs are not acceptable at supply voltage of 
500mV and even thermal noise at room temperature 
(kT=25mV) can flip the content of the cell. Therefore, the 
half selected cells in architectures of parts (a) and (b) in Fig. 
12 are susceptible to losing their data. Fig. 13 shows 
distribution of hold SNM for WRE8T cell at 500mV. Average 
of this distribution is 168.93mV. This value is large enough 
for the cell to retain its data at normal conditions. 
 

 
 

Figure 13. Distribution of hold SNM of WRE8T SRAM cell 
at supplyvoltage of 500mV 

 

 
 

Figure 14. Distribution of virtual power and ground rails in 
case that both of these floating rails are shared between cells 
in the same column 
 

Authors in [20] distributed virtual rails such as Figure 12 
(a). If we use this architecture in our design, architecture of 
one column in the SRAM array can be such as figure 14 In 
this architecture, added NAND gate and the inverter will turn 
the PMOS and NMOS transistors of floating rails off, only in 
write operation, as desired. This design faces a serious 
problem. Consider that voltage of left internal nodes in all 
cells sharing a column is '0', so left NMOS driver transistor 
in all of these cells will be on. Now in write operation’s 
duration, to write '1' in the left nodes of top cell in the 
column (qb1 in figure 15), some currents will pass through 
the NMOS driver transistors of bellow cells and increase the 

voltage of internal nodes of these un-selected cells. So, this 
sneaky current will increase the activity of nodes and thus, 
increasing the write power. 

To test the effect of this sneaky current on power 
consumption, a column of SRAM such as figure 14 was 
designed and besides a selected cell, 64 other unselected cells 
(their WL are set to 0) were put in the column. At first case, 
voltage of right internal nodes in all cells are set to 'VDD' so 
that the NMOS driver transistors become on and the strategy 
for sneaky current becomes available. At the second case, the 
voltage of right internal nodes in the unselected cells were 
put to '0', so that the sneaky current cannot pass from PMOS 
transistor of write driver to the left internal nodes in 
unselected cells. As depicted in table 4, simulations at 
VDD=1.0V and Temp=27oC show that, due to existence of 
sneaky current in case 1, write power  is 6.92 times larger 
than case 2 that there is no sneaky current. Thus, the sneaky 
current will increase the total power consumption 
considerably. In table 4 write power of proposed 8T cell is 
shown, too. The sneaky current is shown in figure 15. 

In this figure the left inverters of the cells sharing same 
column are shown and the path of sneaky current in one state 
of stored data in the cells are demonstrated. Besides 
degradation of power consumption, this sneaky current can 
degrade SNM and reliability of the SRAM cells and if its 
duration and value become large enough, it can flip the 
content of the half selected cells. 
 

 
 

Figure 15. Sneaky current in architecture of figure 14 that 
can change voltage of internal nodes in half selected cells 
 

Due to above discussion, using architectures of figure 12 
(a) and b are not suitable choices for integration of SRAM 
cells. In architecture of figure 12 (c), there are no half 
selected cells. In other words, power and ground rails of just 
selected cells become virtual. Thus, problem of potentially 
unstable cells is removed. Also in this architecture, discussed 
sneaky current, that exists in write operation for architectures 
of (a) and (b) (Figure 12) is removed. Therefore, this 
architecture is suitable for implementing our proposed 
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SRAM. In this architecture also shared floating power and 
ground rails of left inverter in the cells can be obtained with 
neighboring cells in the same row. 
 

 
Figure 16. Micro architecture of 32kb SRAM 

 
Table 5. Operating Parameters at VDD=800mV for 32kb 
SRAMUsing Proposed Design 

 

Read Power 519 ߤW 
Read Energy 0.36 pJ 
Write Power 857ߤW 
Write Energy 7.5 pJ 

Operating Frequency 1.43 GHz 

 
In the selected architecture, it is important to choose 

proper sizes for NMOS and PMOS shared transistors 
responsible for creating floating rails. Also the optimum 
number of cells that can share the floating rails should be 
determined. In [21], authors used the same architecture for 
integrating cells. The difference between this architecture 
and our design is that in [21], only floating rail for ground 
was considered, whereas we distribute floating rails for both 
ground and power. In [21] a good discussion on optimizing 
the number of cells in a row sharing floating ground rail (N) 
and also determining the size (ߚ. ܰ. ௠ܹ௜௡; where ߚis ratio of 
width of NMOS VSS-switch transistor and NMOS driver 
transistor in the SRAM cell, and ௠ܹ௜௡ is the minimum 
allowed size for width of a transistor in technology) of 
NMOS transistor responsible for creating floating rail were 
drawn. Using similar procedure, we choose N=4, and 3=ߚ 
for our design. 

Finally, a 32kb SRAM using proposed scheme was 
designed in 90nm industrial CMOS technology. Figure 16 
shows the micro architecture of designed SRAM. In this 
SRAM, four arrays of 8kb cells were considered and a 2-to-4 
sheet decoder was used for selecting the proper sheet. Table 
5 shows power, energy, and operating frequency (inverse of 
cycle time) at supply voltage of 800mV. Cycle time is the 
time between activation of address decoders, until 50mV 
voltage difference occurs between read bit-lines [14]. 
 

7. Conclusion 
 
A new tri-state based SRAM cells is presented. In this 
design, by adding one PMOS and one NMOS transistor that 
become OFF during write operation, feedback loop in the 
cell becomes weaker, hence write-ability is improved 

considerably. At first, these added NMOS and PMOS 
transistors are considered for each cell individually that leads 
to eight transistor (8T) design for SRAM cell. Proposed 8T 
SRAM cell, conventional 6T cell, and three other cells from 
the recent literature are designed in a 90nm industrial 
technology. Simulation results show that proposed 8T 
SRAM cell, consumes 54% lower power than conventional 
6T SRAM for single write operation at supply voltage of 
500mV and 20% lower leakage power at VDD=500mV and 
Temp=110oC. Finally, a 32kb SRAM based on proposed 
design is implemented that consumes 0.36pJ and 7.5pJ 
energy for single read and write operations, respectively. In 
this SRAM, PMOS and NMOS transistors which are 
responsible for creating floating power and ground rails are 
shared among four cells in the same row leading to an 
equivalent 6.5T SRAM cell. 
 

References 
 
[1] G. Pasandi, and S. M. Fakhraie, "A New Sub-300mv 8T 
SRAM Cell Designing 90nm CMOS," Proc, IEEE Int'l 
Symp. Computer Architecture and Digital Systems, pp. 670-
676, 2013. 
 
[2] S. Gupta, A. Raychowdhury, and K. Roy, "Digital 
Computation in Sub-threshold Region for Ultralow-power 
Operation: A Device–circuit–architecture Co-design 
Perspective," IEEE Trans. Very Large Scale Integration 
Systems, vol. 98, no. 2, pp. 160-190, 2010. 
 
[3] M. Yamaoka, N. Maeda, Y. Shinozaki, Y. Shimazaki, K. 
Nii, S. Shimada, K. Yanagisawa, and T. Kawahara,        
"Low-power Embedded SRAM Modules with Expanded 
Margins for Writing," Proc, IEEE Int'l Conf. Solid-State 
Circuits, pp. 480-611, 2005.  
 
[4] L. Chang, Y. Nakamura, R. K. Montoye, J. Sawada, A. 
K. Martin, K. Kinoshita, F. H. Gebara, K. B. Agarwal, D. J. 
Acharyya, W. Haensch, K. Hosokawa, and D. Jamsek, "A 
5.3GHZ 8T-SRAM with Operation Down to 0.41v in 65nm 
CMOS," Proc, IEEE Int'l Symp. Very Large Scale 
Integration Circuits, pp. 252-253, 2007. 
 
[5] B. H. Calhoun, and A. P. Chandrakasan, "A 256-kb      
65-nm Sub-threshold SRAM Design for Ultra-low-voltage 
Operation," IEEE Journal of Solid-State Circuits, vol. 42,   
no. 3, pp. 680-688, 2007. 
 
[6] T.-H. Kim, J. Liu, J. Keane, and C. H. Kim, "A 0.2 v, 
480kb Sub-threshold SRAM with 1k Cells per Bitline for 
Ultra-low-voltage Computing," IEEE Journal of Solid-State 
Circuits, vol. 43, no. 2, pp. 518-529, 2008. 
 
[7] N. Verma, and A. P. Chandrakasan, "A 256 kb 65 nm 8T 
Sub-threshold SRAM Employing Sense-amplifier 
Redundancy," IEEE Journal of Solid-State Circuits, vol. 43, 
no. 1, pp. 141-149, 2008. 
 
[8] G. Pasandi, and S. M. Fakhraie, "A New Sub-threshold 
7T SRAM Cell Design with Capability of Bit-interleaving in 
90 nm CMOS," Proc, IEEE Int'l Conf. Electrical 
Engineering, pp. 1-6, 2013. 



The
 
[9]
Ce
Sys
 
[10
Va
IEE
233
 
[11
En
the
 
[12
cel
IEE
60,
 
[13
Sch
of S
 
[14
10T
3, p
 
[15
Nin
Int
 
[16
Spr
 
[17
and
Bu
vol
 
[18
Jan
 
[19
C. 
Ce
mo
58,
 
[20
K. 
"90
Mo
Jou
200
 
[21
Pow
IEE
927
 
 
 
 

e CSI Journal o

 R. Aly, M. F
ll for Low Po
stem on Chip, 

0] B. Zhai, S
ariation-toleran
EE Journal o
38-2348, 2008

1] A. Neale, D
hancement a

esis, Universit

2] N. Lotze, a
ll-based Desig
EE Journal of
, 2012. 

3] J. Kulkarn
hmitt-trigger b
Solid-State Ci

4] A. Islam, a
T SRAM Cell
pp. 631-638, 2

5] Z. Liu, an
ne-transistor S
tegration Syste

6] J. M. Rabae
ringer, 2009. 

7] G. Pasandi
d Low-leakag

ulk-CMOS and
l. 12, no. 10, p

8] Predictive
nuary 2013. 

9] M. L. Fan, 
T. Chuang, "
lls for Sub-thr

odel-based Ap
, no. 3, pp. 60

0] M. Yamao
Nii, S. Shim

0-nm Proces
odules with P
urnal of Solid
06. 

1] K. Kanda,
wer-saving SR
EE Journal o
7-933, 2004. 

on Computer Sc

Faisal, and M
ower Cache D
pp. 171-174, 

. Hanson, D. 
nt Sub-200m
of Solid-State 
8. 

Digital Timin
and Graceful
ty of Waterloo

and Y. Mano
gn Technique
f Solid-State C

i, K. Kim, an
based Sub-thr
ircuits, vol. 42

and M. Hasan
l," IEEE Tran
2012. 

d V. Kursun
SRAM Cell," 
ems, vol. 16, n

ey, Low Powe

i, and S. M. F
ge Half-select
d Fin FETs," 
pp. 18-25, 201

e Technology

Y. S. Wu, V.
"Comparison 
reshold Opera

pproach," IEEE
9-616, 2011. 

ka, N. Maeda
mada, K. Ya
ss-variation 
Power-line-flo
d-State Circui

 H. Sadaaki,
RA Musing S
of Solid-State

cience and Engi

M. Bayoumi, "
Design," Proc

2005. 

Blaauw, and
mv 6-T Sub-th

Circuits, vo

ng Control in
l Aging Deg
o, Ontario, Can

oli, "A 62mv 
e Using Schm
Circuits, vol. 

nd K. Roy, "
reshold SRAM
2, no. 10, pp. 2

n, "Leakage C
s. Electron De

, "Characteriz
IEEE Trans. 

no. 4, pp. 488-

er Design Esse

Fakhraie, "An
tion Disturb-f
IEEE Trans. 

13. 

y Model, h

 H. Hu, C. Y.
of 4T and 6T

ation Consider
EE Trans. Elec

a, Y. Shinoza
anagisawa, a
Adaptive Em

oating Write T
its, vol. 41, n

, and T. Sak
ense-amplifyi

e Circuits, vo

ineering, Vol. 1

"Novel 7T SR
c, IEEE Int'l C

d D. Sylvester
hreshold SRA
l. 43, no. 10

 SRAMs for 
gradation, M
nada, 2010. 

CMOS Stand
mitt-trigger Lo

47, no. 1, pp

"A 160mv Ro
M," IEEE Jou
2303-2313, 20

Characterizatio
evices, vol. 59

zation of a N
Very Large S

-492, 2008. 

entials, New Y

n 8T Low-vo
free SRAM U
Electron Dev

http://ptm.asu.

. Hsieh, P. Su
T Fin FET SR
ring Variabili
ctron Devices

aki, Y. Shima
and T. Kawa
mbedded SR
Technique," I
o. 3, pp. 705-

kurai, "90% W
ing Memory C
ol. 39, no. 6

0, No. 2 & 4 (b

RAM 
Conf. 

r, "A 
AM," 
0, pp. 

Yield 
Master 

dard-
ogic," 
p. 47-

obust 
urnal 
007. 

on of 
9, no. 

Novel 
Scale 

York, 

oltage 
Using 
vices, 

edu/, 

u, and 
RAM 
ity –a 
, vol. 

azaki, 
ahara,     
RAM 
IEEE 
-711, 

Write 
Cell," 
, pp.     

His 
Pow
Pow
toler
desi
digit
E-m 
 

been
Eng
Prof
Sign
1999
of T
impl
publ
pape
inclu
acce
proc
His 
impl
high
effic
E-m
 

co-d
E-m
 
 
 
 
 
 
 
 
 
 
 

P
 
Su
R
A
C
S
of

b), 2012            

research inte
wer Static Ran
wer and Energ
rant Static a
gn, VLSI sig
tal systems. 

mail: gh.pasan

n with the 
ineering, Un
fessor. He is D
nal Processing
9, and 2000, h
Toronto, whe
lementation o
lished more t
ers. He has wo
uding design 
ess devices, 
cessors for pe

research int
lementation o

h-speed digita
cient VLSI im

mail: fakhraie

design. 
mail: e.qasem

aper Handlin

ubmitted: 14.0
Received in rev
Accepted: 20.1
Corresponding

chool of Elect
f Engineering

                        

Ghasem 
and M. 
engineeri
Electrica
Universit
2014 res
several c

erests include
dom Access M

gy Efficient lo
and Dynamic
gnal processi

ndi@ut.ac.ir

Sied Me
M.Sc. de
Universit
1989 and
and com
Universit
Canada i

School of
iversity of T

Director of the
g Laboratory. 
he was a visiti
ere he conti
of artificial n
than 230 revi
orked on man
of network p
DSL mode

ersonal and m
terests includ
of integrated 
l circuit desig

mplementation 
e@ut.ac.ir 

Ehsan Qas
Iran, in 199
year of und
Systems at s
Tehran, Teh
research int
tools, verif

mi@ut.ac.ir  

ng Data: 

05.2014 
vised form: 15
0.2014 
 author: Dr. S
trical and Com

g, University o

                        

Pasandi rec
Sc degrees

ing from t
l and Compu
ty of Tehran
spectively. H
conference and
e Low Power
Memory (SRA
ogic design, r
 CMOS circ

ing, VLSI im

ehdi Fakhra
egree in elec
ty of Tehran, 
d his Ph.D. de
mputer engine
ty of Toronto
in 1995. Sinc
f Electrical 
Tehran, wher
e Silicon Intell

During the su
ing professor 
nued his wo

neural networ
iewed confere

ny industrial IC
processors an
ems, pagers,

mobile commu
de system de
systems, nove

gn, and system
of intelligent 

emi was bo
2. He is curr

dergraduate st
school of EC

hran Iran. His
terest are de
fication, test

5.10.2014 

Sied Mehdi Fa
mputer Engine
of Tehran, Teh

                       

ceived his B.
s in electron
the School 
uter Engineer
n, in 2011

He has publis
d journal pap
r and Ultra L
AM) design, L
reliable and f
cuit and sys

mplementation

aie received 
tronics from 
Tehran, Iran

egree in electr
eering from 
o, Toronto, O
ce 1995, he 

and Compu
re he is now
ligence and V
ummers of 19
at the Univer

ork on effic
rks. He has a
ence and jour
C design proj
d home gatew
, digital sig

unication devi
esign and A
el techniques 
m-integration 
systems. 

orn in Sanan
rently in his
tudies in Dig

CE, University
s main areas

esign automat
t and HW/

akhraie, 
eering, Colleg
hran, Iran. 

    9 

 Sc 
nics 

of 
ing, 
and 

shed 
pers. 
Low 
Low 
fault 
tem 

n of 

his 
the 

n, in 
rical 

the 
ON, 
has 
uter 

w a 
VLSI 
998, 
rsity 
ient 
also 
rnal 
ects 
way 
gnal 
ces. 
SIC 
for 

and 

ndaj, 
last 

gital 
y of 
s of 
tion 
/SW       

ge 


	Vol. 10, No. 2 & 4 (b), 2012 (latin)



