


  
Fig. 1. Ion/Ioff ratio for different supply voltages 

 
 

 
Fig.2. Comparison Ion current for PMOS and NMOS 

 
technology an unusual behavior is observed for specific  
supply voltage ranges. For minimum length devices, at 
low supply voltages, the PMOS current level is higher 
than an order of magnitude more than that for the NMOS.  
This is illustrated in Fig. 2.     Due to the significant 
reduction in evaluation current in both NMOS and 
PMOS, subthreshold circuits are usually impractical in 
high speed applications, but for some applications like 
wireless sensor networks design, it is not necessary to 
have a high sampling frequency. In another words, the 
most important concern in WSN applications is to 
minimize the power consumption. As a result the 
frequency must be reduced to get correct evaluation. The 
low Ion causes some problems in SRAM design.  SRAMs 
comprise a significant percentage of the total area for 
many digital systems as well as the total power 
consumption, so SRAM leakage can dominate the total 
leakage of a chip. If the SRAM leakage power is reduced, 
the total leakage power of the system will then decrease. 
Pushing SRAM in subthreshold region reduces the 
leakage power significantly but it degrades the SNM of 
SRAM in read and write cycles due to lower read current 
and also the effect of BDGO (breakdown gate oxide) of 
NMOS transistors in SRAM circuit.  
 
II. 6T-SRAM CIRCUIT 
 
       Fig. 3 shows the standard 6T-SRAM cell. In this 
circuit, storage nodes are specified by X, Y. Suppose that 
node X stores “0” and node Y stores “1”. Due to low 
supply voltage, leakage sources are important. The 

leakage sources are shown in Fig. 3. In this case, M1, M4 
are turned on. Also, M2 and M3 are turned off. During 
the hold time, when WL is not selected (idle mode), M5 
and M6 are turned off. In idle mode, M5 and M2 give a 
small rise on node X because of leakage currents, so node 
X has a low voltage in range of few millivolt (instead of 
zero) that causes an increase in leakage through M3 
potentionally introducing failures [6].  
  When WL is selected (Read cycle) M6 is turned off and 
M5 is turned on. In this case, the read cycle is done 
through M5 and M1, but a rise in node X due to stacking 
effect [7] causes more leakage through M3. This causes a 
drop in the voltage of node Y, so  the read cycle speed is 
degraded and in some cases it flips the data on storage 
nodes. To improve the speed of the read cycle, the best 
way is upsizing M1 and M5, but there are some 
limitations on increasing sizes of transistors. Fig. 4 shows 
the effects of upsizing on read noise margin in 6T-SRAM 
cell. As it can be seen from Fig. 4, by increasing the ratio 
of WM1/WM5, discharging BL is faster, but due to the 
upsizing of these devices the voltage of node X is 
increased which increases the leakage current through M3 
and then discharges node Y more causing an increase in 
the leakage through PMOS that is higher than NMOS in 
65nm CMOS technology for ultra low supply voltages.  
   As Fig. 4 shows, smaller sizes for NMOS transistors 
cause lower speed but in this case the reliability of the 
cell is higher. For larger device sizes in the read path, the 
reliability is lower but the speed is improved.  
Another concept that is important in SRAM design is 
static noise margin (SNM) [8, 9]. SNM quantifies the 
amount of voltage noise required at the internal nodes of 
a bitcell to flip the cell's contents [5, 10]. In 65nm, due to 
the different behavior in sub-Vt (PMOS is stronger than 
NMOS by an order of magnitude with minimum length) 
SNM is more affected. Fig. 5 shows the output of an 
inverter versus the input voltage. To balance the devices 
the NMOS must be upsized by an order of magnitude 
larger than PMOS. This problem is more challenging 
during the write cycle where stronger access NMOS 
transistors are needed.  
 

 
Fig.3. 6T-SRAM cell 
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Fig. 4. Output waveforms for 6T-SRAM cell 

 

 
Fig.5. an inverter output in 65nm 

 
Fig. 6. SNM for HOLD and READ in 6T-SRAM (VDD=0.4) 

          
   At the onset of a read access, the wordline is “1” and 
the bitlines are precharged to “1”. The internal node of 
the bitcell that represents a zero gets pulled upwards 
through the access transistor due to the voltage dividing 
effect across the access transistor and drive transistor, 
which degrades the read SNM. Fig. 6 shows the butterfly 
curves during the hold and read cycles for VDD=0.4V 
illustrating the degradation in SNM during read.  
   As illustrated, the read noise margin is degraded at low 
supply voltages. Due to increased leakage through the 
transistors, especially PMOS, at higher temperatures, read 
noise margin is more decreased. Fig. 7 shows SNM 
versus WM1/WM5 for different temperatures (27oC and 
110oC) for TT CMOS models. To improve the SNM in 
subthreshold region, an 11T-SRAM design is proposed. 
In this circuit, the read line is distinct from the write 
wordline as proposed in [11].  
 

 

 
Fig. 7. SNM versus WM1/WM5 for different temperatures. 

 
 

 
III. SUBTHRESHOLD 11T-SRAM 
 
     Fig 8 shows the schematic of the proposed 11T-
SRAM bitcell. Transistors M2, M4, M5, and M6 are 
identical to 6T-SRAM, but two transistors M1 and M3 
are downsized to the same size as the PMOS transistors. 
The bitline and wordline are distinct from the write 
wordline. In this case, memory can have distinct read and 
write ports. During the hold time, RDWL and WL are not 
selected. In the 6T-SRAM part, suppose that node Y 
stores “0” and node X stores “1” as was described for the 
6T-SRAM part in the previous section. For the added 
circuitry the following behavior is observed when 
transistor M12 is turned off. Also the M11 state is 
dependant of the voltage in node Y. If node Y stores “1”, 
then M8 connects the gate of M11 to ground so M11 is 
turned off. However if node Y stores “0”, M9 is turned 
off and it starts to charge the gate of transistor M11. 
Therefore there is a leakage path through M11 that 
connects the node YN to zero. Minimum size transistors 
were used for the added 5T-circuitry, except the access 
transistor that has a larger size. The most important part 
of the 11T-SRAM is a boost capacitor (CB) that connects 
source of M9 to RDWL. 

 
 

Fig. 8.proposed 11T-SRAM cell 
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