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Abstract- Now a day as the technology is increasing day by 
day the chip size is decreasing and millions of transistors are 
placed on a single chip as a result the design complexity is 
increasing. Bottleneck is to reduce some parameters related to 
designing of chip like delay, average power and leakage 
power. In industry and research academia low power devices 
are very demand full, so in this paper design Multi Threshold 
CMOS (MTCMOS) based 6T and 7T Memristor Static 
Random Access Memory (SRAM) has been implemented and 
reduces parameters like delay, average power and leakage 
power. This is a nonvolatile memory because it uses 
Memristor. Memristor is a forth missing non-linear resistor 
which acts as memory and it improves the power and speed. In 
this paper MTCMOS technique is used, recently it is very 
famous in industry. It is a power reducing technique that helps 
in reducing leakage power in the SRAM by turning of the 
inactive circuit’s domains. Designing and calculation of 
parameters of simple SRAM and MTCMOS based Memristor 
SRAM has been done with cadence virtuoso tool and that was 
done at 45 nm technology with the operating voltage of 0.7 
volt. 
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I. INTRODUCTION 
 

The As the VLSI technology is increasing, the 
memories are also increasing. Memory is nothing but it is a 
collection of storage cell with proper input and output and it is 
widely used to design computer, mobile phones and other 
similar devices [1].One type of these memories is SRAM. It is 
volatile in nature that means data is stored, when power is 
plugged in, and as the power is plugged out data will get lost. 
The word static indicates that it does not need refreshing 
technique. It is type of semiconductor memory and it use 
numbers of transistors to store a single bit. It reduces the delay 
between the processor and memories. These advantages of 
SRAM are used to design batteries for portable system like 
mobile phones, laptops and other electronic devices [2]. To 
design these devices from SRAM, low power and leakage 
parameters are crucial because in recent year’s technology is 
scaling down rapidly. So we apply some techniques to design 
SRAM to achieve low power for high performance of the 
circuits. In this paper, MTCMOS technique and Memristor 

have been applied to design SRAM to reduce average power 
in comparison to the simple SRAM. And in this paper, 
parameters like leakage power and delay has also been 
calculated in reduce form.  

 
Memristor was invented by Leon O. Chua in 1971 

and according to Chua Memristor is a fourth missing, two 
terminal passive elements with variable resistance also called 
as Memristance that give relation between flux (φm) and 
charge (q) [5]. This relation represented as- 
                                            

 
  

                                                               
     Fig. 1 Fourth missing element 
 
Memristor is defined as  a two terminal non-volatile 

device in which the magnetic flux (φm) between the terminals 
is a function of the amount of electric charge q that has passed 
through the device and it is denoted by M and its unit is Ω and 
mathematically represented as- 
 

                                                                    (1) 

 
 

Where M is the Memristor, φm is the magnetics flux 
and q is the charge. First Memristor was manufactured in HP 
labs by the R. Stanley Williams in 2008[6]. 
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II. TECHNIQUE DESCRIPTION 
 
Low power application is very needful for battery 

operated devices. Power dissipation in system on chip and it 
mainly depends on static, dynamic and short circuit 
components [11]. In battery operated devices power 
consumption is also noticeable parameter for the chip 
designer. To reduce the overall power consumption one 
method is to scale the supply voltage, but result is increase in 
leakage current[12].The main source of leakage current is sub-
threshold leakage and it is defined as in CMOS transistor, the 
state of a weak inversion conduction current when Vs < Vth. 
And mathematically it is represented as- 
                                            

                                     

(2) 
 
Where, 
                                            

                                        

(3) 
 

 is the low field mobility, W and L are the 

transistor channel width and length,  is the gate oxide 
capacitance, q is the electronic charge and k is the 
Boltzmann’s constant. To reduce the leakage power number of 
technique are available one type of technique is MTCMOS 
technique. 

MTCMOS technique uses two transistor one PMOS 
transistor known as header and one NMOS transistor known 
as footer, these transistors are also known as sleep transistor as 
shown as-  

 

In MTCMOS header and footer transistor are high Vt 
transistors and between these transistors low Vt logic circuit is 
used. High Vt sleep transistors are used to connect or 
disconnect the low Vt logic from power and ground domains 
[13]. Header and footer transistors depends on the sleep signal, 
during the active mode sleep signal is disserted because both 
sleep transistors are turned on and provide a virtual power and 
ground to the low Vt logic. When the sleep device is in 
standby mode sleep signal is asserted forcing both sleep 
transistors to cut-off and disconnect from the low Vt logic. 
Result of this process low leakage power to ground when 
circuit is in standby mode.     

 
III. SRAM 

 
6T SRAM  
 

In SRAM cell word 6T indicates that it uses six 
transistors in which there are two PMOS transistors and four 
NMOS transistors. Two PMOS and two NMOS transistors 
form two cross coupled inverter in which one PMOS and one 
NMOS form one inverter. Two other NMOS transistors are 
pass transistors and these six transistors together forms one 
simple 6T SRAM [15].In 6T SRAM cell two bit lines are BL 
and BLB and one word line WL and two outputs Q and QB in 
which BL & BLB and Q & QB are opposite to each other.6T 
SRAM is shown as- 

            

 
                                                        

Fig. 3 Six Transistors Memory Cell 
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SRAM cell is used to store one bit either it will store 
1 or 0 on Q and opposite values get stored at QB. SRAM 
performs in three different modes namely standby, write and 
read modes. When WL goes low (WL = 0) then SRAM work 
in standby mode i.e. pass transistors are off in this mode. 
When word line high then SRAM work either in write or read 
mode. 

 
In write operation word line goes high (WL = 1) and 

pass transistors are on and set the value that has to be written 
on BL and opposite value will be set on BLB and that value 
will be stored in cross coupled inverters. 

 
In read operation also word line is high (WL = 1) and 

BL and BLB lines are precharged. The value that is already 
stored in cross coupled inverters either in state 1 or 0. These 
values are transferred to the bit lines BL and BLB in which 
only one line is discharged to ground and other line is 
precharged this difference is sensed by the sense amplifier and 
value is shown at the output of the sense amplifier. 
 
7T SRAM 
 

7T SRAM cell made of 7-transistors in which there 
are two PMOS transistors and five NMOS transistors.  One 
PMOS and one NMOS make an inverter. There are two 
inverters in 7T SRAM and they are cross coupled to each 
other and two NMOS transistors use as a pass transistors and 
fifth transistor N5 is connected between two cross coupled 
inverter. N5 connects and disconnects the feedback connection 
of cross coupled inverters and read and write operation is also 
controlled by N5 transistor [17]. Show as- 

 
                                                           

Fig. 4 Seven Transistors Memory Cell 

 
In 7T SRAM cell two bit lines BL and BLB and two 

word line RL and WL. BL & BLB are precharge before and 
after the read/write operation. In write operation is controlled 
by the N5. N5 disconnects the feedback connection between 
the two cross coupled inverters so that write operation is 
performed only by the BLB line. BLB line transforms the 
complement of the input data that is stored in cross coupled 
inverter i.e. if stored value is 1 in cross coupled inverter then 
BLB should be 0and vice-versa. 

 
In read operation transistor N5 kept on and it works 

as a simple 6T SRAM. In SRAM cell value is read by sense 
amplifier and these values are either 1 or 0 at the node Q. 
When Q is low (Q = 0) read path uses two transistors and 
when Q is high (Q = 1) it uses three transistors and this path is 
critical read path.  

 
IV. MTCMOS BASED MEMRISTOR SRAM 

 
Designing of memory with simple SRAM give good 

results but in these type of memory bottleneck is retention of 
data and low power. To overcome this type of problem new 
technique was needed for reducing the power dissipation, 
delay and increasing the speed of read/write in memory. In 
this paper, we are designing MTCMOS based Memristor 
SRAM which has been already discussed that Memristor was 
invented by Chua in 1971 and manufactured in 2008 by HP 
labs [22]. 

 
Memristor works as a switch like transistor except 

that Memristor is a two terminal device while transistor is a 
three terminal device [23]. Memristor is manufactured by two 
thin layers and these layers are sandwiched between platinum 
nanowires and layers are also in nanometer size. These layers 
are of doped TiO2-x   and another is undoped TiO2 [21]. 
Change in resistance occurs in these layers because one TiO2 
layers receives oxygen ions and other TiO2 layer losses the 
oxygen ions i.e. movement of mobile ionic charge inside the 
TiO2 layer result in change in Memristor resistance. That is 
why it is called variable resistance and it is used in designing 
of memories. The voltage-current relationship of Memristor is 
mathematically represented as- 
 
                              

                                          

(4) 
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(5) 
 

D is the   film thickness,  is the 

resistance for doped memristor,   is the resistance for 
memristor and w (t) is the width of doped memristor and µD is 
the average dopant mobility and q is the charge. 

 
Since simple SRAM is volatile in nature hence 

increase the booting time of a system whereas MTCMOS 
based Memristor SRAM is non-volatile in nature because it 
uses Memristor so it stores data and remember history of 
resistance even after the power supply is cut-off. And to retain 
either of the two states it does not need power, this is the 
factor why the MTCMOS based Memristor SRAM does not 
require any external circuitry to retain data when power supply 
is in cut-off state [22].  

 
In this paper MTCMOS technique was used and 

designed MTCMOS based 6T and 7T Memristor SRAM. It is 
used two sleep transistors as a high Vt logic and Memristor 
SRAM is used as low Vt logic shown as-                

 
 
                                               

Fig.5 MTCMOS based 6T Memristor SRAM 

 

 
Fig. 6 MTCMOS based 7T Memristor SRAM 
 
Shows the MTCMOS based 6T and 7T Memristor 

SRAM in these SRAM memories at the top PMOS transistor 
is used as a header transistor and it is connected to supply 
voltage and at the bottom, NMOS transistor is used as a footer 
and it is connected to the ground and Memristor SRAM was 
sandwiched between these two sleep transistors and Memristor 
M1 is connected above the PMOS-P1 transistor and 
Memristor M2 is connected above the PMOS-P2 transistor.  

 
In MTCMOS based Memristor SRAM header and 

footer transistor operate by the sleep signal and when it is in 
active mode sleep signal is disserted because both sleep 
transistors are turn on and provide a virtual power and ground 
to Memristor SRAM [26]. When the MTCMOS based 
Memristor SRAM is in standby mode sleep signal is asserted 
forcing both sleep transistors to cut-off and disconnect from 
the Memristor SRAM. 
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Because of above mentioned property of MTCMOS 
and Memristor can help in reducing average power, leakage 
power and delay in the MTCMOS based Memristor SRAM.  
 

V. SIMULATION RESULTS 
 

Comparison of delay, average power and leakage 
power between 6T and 7T SRAM cell and MTCMOS based 
Memristor 6T and 7T SRAM cell has been done and result 
shown in graph and tabular form. Basic definition of these 
parameters are define below one by one as- 
 
5.1  Delay 

 
Delay in signal is the time difference in occurrence of 

input and output waveform and it is measure in seconds. 
 
5.2  Average Power 

 
The average power some time known as simply 

power is the average amount of energy transferred per unit 
time or work done and unit of average power in watt. 
 
5.3 Leakage Power 

 
Leakage power decreases the capacity of the devices. 

Further, leakage power declines the charge of any device 
which is continuously discharging from the device even when 
the device is not working and unit of leakage power in watt.  

 
TABLE I 

Parameters of 6T SRAM Cell 
 
6T SRAM Cell 
Parameters Simple SRAM MTCMOS based 

Memristor SRAM 
Delay                    
(ps)    

697.8 581.7 

Average Power    
(nw) 

47.32 15.62 

Leakage Power     
(nw) 

6.874 5.142 

 
Shows Table-I in this table representing parameters 

of Simple 6T SRAM and MTCMOS based 6T Memristor 
SRAM and find that MTCMOS based 6T Memristor SRAM 
has reduced value of parameters like Delay, Average Power 
and Leakage Power.  

 
 
 
 
 

TABLE II 
Parameters of 7T SRAM Cell 

 
7T SRAM Cell 
   Parameters Simple SRAM MTCMOS based 

Memristor SRAM 
   Delay  (ns) 22.01 20.93 
  Average Power 
(nw) 

28.90 10.732 

  Leakage Power  
(nw) 

9.59 6.8 

 
Shows Table II in this table representing parameters 

of Simple 7T SRAM and MTCMOS based 7T Memristor 
SRAM and find that MTCMOS based 7T Memristor SRAM 
has reduced value of parameters like Delay, Average Power 
and Leakage Power.   

 
VI. CONCLUSION 

 
Since in this paper use Memristor SRAM it is non-

volatile in nature because of Memristor and size of the 
Memristor is in nano scale then it increases the packing 
density and reduces the power in system on chip and 
MTCMOS technique help to reduce the leakage power in the 
device.    

 
In this paper we have designed different type of 

simple and MTCMOS based Memristor SRAM at 45 nm 
technology and determined which SRAM is better based on 
delay, average power and leakage power. According to the 
these parameters and observing the above tables and graphs it 
is concluded that simple 7T SRAM is better than the simple 
6T SRAM and MTCMOS based 7T  Memristor  SRAM is 
better than the MTCMOS based 6T Memristor SRAM. 
Overall MTCMOS based 7T Memristor SRAM is better than 
the all discussed simple SRAM and MTCMOS based  
Memristor  SRAM due to the reduction in average power and 
leakage power it uses only  10.732 nw and 5.142 nw 
respectively.  
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