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Abstract 

Customary memories are facing acute design problems due 

to gradual scaling of CMOS technology. There is a great 

need of superseding the conventional memories by a 

device that could fulfil the emerging need of high density 

device and low power consuming memory designs (array) 

that are capable of delivering the prerequisite of any 

memory design to store data and instructions. Memristor is 

a device that can supersede the conventional CMOS based 

cell. It is a two terminal non-volatile multi-purpose device. 

Memristor can store input/output value, perform logic 

operations, can act as a switch, latch or flip flop. This 

paper concentrates on the working of Memristor and 

designing 4x4 Memristor based array (1T1M) and thus 

highlights the advantages of using Memristor and 

1T1M(one transistor one memristor) array. Memristor used 

in this paper has been implemented with Verilog–A model 

in cadence virtuoso tool at 45nm technology. The average 

transient power was found to be 8.148 nW at 0.3V which 

shows that by employing Memristors, minimum voltage at 

which array is capable of retaining data is 0.3V. 
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1. Introduction 

In this era, 2D scaling of various electronic appliances that 

are both the logic circuits as well as the memory based 

devices is eventually reaching their fundamental limits 

because of aggressive scaling. Due to aggressive scaling of 

technologies and devices, leakage is increasing to an 

unavoidable extent. So efforts are being made to design 

such circuits which have reduced power consumption and 

high device density [1]. The need for more compact, handy 

and individualized design is gaining popularity in the 

electronic industry these days. Power consumption and 

size with high speed is the key factor in designing an array. 

Memory arrays are used to store more number of bits at a 

time that can be accessed easily. Fujio Masuoka invented 

flash memory in late 1970s. He gave his contribution in the 

form of high speed circuits and memories. Robert Dennard 

invented DRAM at IBM in 1966 and virtually it was in all 

systems by mid 70s. But because of the drawbacks 

mentioned earlier SRAM came into picture and many of 

the digital ICs started using SRAMs [2]. Most of electronic 

components today are designed with the perspective to 

store data. Storing data fuels the need of memory. Its 

importance can be assumed by its great usage in 

semiconductor memories, computers and high performance 

microprocessors which are highly devoted to cache 

memories [11]. But SRAMs are now getting superseded by 

Memristors as they are able to retain data even if the power 

is turned off (non-volatile) [3]. It not only is a two terminal 

device but also acts as a switch, performs logic operations, 

can be used as a filp-flop.  

 

 

 
Fig. 1 Fundamental Elements, their relations and its equivalent symbol 

 

Apart from all these advantages area on dice also gets 

reduced to half in comparison to conventional memories. 
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L. Chua has revealed the missing fourth circuit element as 

Memristor as alternative technologies in HP labs [4]. 

Memristors have been used in various memory 

applications with and without series active devices such as 

diodes and transistors which provide isolation during 

read/write operations [3], [5]. L.O Chua revealed a fact 

that a memristor with highly nonlinear characteristics may 

not need extra devices for isolation [3]. 

2. Working of Memristor  

Unlike to conventional two terminal device like capacitor, 

inductor Memristor is a device that exhibits nonvolatile 

property, retention characteristic that are worthy of storing 

data that are stable [6]-[10]. It can be used as a two 

terminal device and if needed three terminal device also. 

To make Memristor three terminal device one transistor is 

used in one of the terminal of memristor with its gate 

terminal as sel (select). Drain is connected to one of the 

terminal and the other end is grounded [7]. When current 

flows into the thick line of memristor symbol resistance of 

the device decreases and when current flows out of the 

thick black line resistance of the device increases and 

based on these action of resistances memristor are able to 

perform different logic operations. Memristors gives the 

functional relationship between magnetic flux and electric 

charge [8]. 

f(Фm(t),q(t))=0                                                             (1)                                                                                
                                                                                                           

Where, Фm is defined as the magnetic flux linkage and is 

defined as the integral of voltage over time. 

Mathematically it is represented as  

M(q)=dФm/dq                                                              (2)                                     
                                                                                                                   

M(q(t))=dФm/dt/dq/dt=V(t)/I(t)                                         (3)                            
                                                                         

As shown in equations memristor is associated with both 

magnetic flux linkage and charge its unit becomes Wb per 

C or ohms Ω. 

 

Table 1: Memristor Configuration 

 

Memristor Configuration Values 

D (Thickness) 10nm 

Ron 100Ω 

Roff 1600Ω 

T 27ᵒC 

 

Table 1 represents the memristor configuration used in this 

paper. Among different taxonomies of memristors, the one 

employed in the simulation of this paper is of emerging 

RRAM molecular type memristor. 

3. Verilog –A Program for Memristor Model  

Verilog A model has been used to implement the symbol 

of memristor and then has been used in designing as a non-

volatile memory element in forming 4x4 array. 

 
`include"constants.vams" 

`include "disciplines.vams" 

 

module memres (out, in); 

inout out, in; 

electrical out, in; 

real i, charge, finalcur, width; 

parameter real Ron=100; 

parameter real Roff=1600; 

parameter real u=10e-14; 

parameter real D=10e-9; 

 

analog function real W; 

real q; 

W = (u*(Ron/D)*q); 

Endfunction 

 

/////////////////////////////////////// 

 

analog begin 

i= I (out, in); 

charge = idt (i, 0); 

width = W (charge); 

V (out, in) <+ (Ron* (W (charge) / D) + 

(1- (W (charge) /D))* Roff) * I (out, 

in); 

end 

endmodule 

4. 1T1M(One Transistor One Memristor) 4X4 

Array 

Classic sole memristor based crossbar architecture in 

which basic memristor memory cell is placed at every 

intersection of row and column bars has already been 

designed by many designers [9] but has a pitfall of 

unwanted path of current flowing through the memristor 

cell and this is because of the use of sole memristor as 

basic unit cell. When particular row and column bars are 

activated, a path is to be created through which the current 

flows and desired output is obtained but along with that an 

undesired path also gets generated automatically and these 

unwanted paths are termed as sneak paths. To avoid this, 

1T1M (one transistor one memristor) is used as a memory 

element. Figure 2 shows the proposed circuit in which row 

and column decoder has been used to select the particular 

cell.  
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Fig. 2 Proposed one transistor one memristor based 4x4 array structure 

Figure 3 shows the working of proposed structure in which 

red lines shows the selected row and column which gets 

activated on applying inputs to row and column decoder. 

Here, now for understanding the mechanism of working of 

1T1M array row and column are selected randomly. Now 

once the row and column gets selected, associated 

transistor gets turned on and as a result of which only that 

memristor will get on that is intersected by selected row 

and column. Thus, output will be obtained from that 

particular memristor and is shown by green color in figure 

below. 

 

Fig. 3 Proposed 1T1M Array working 

5. Simulation and Result 

The design and simulation of 4x4 Array with 1T1M (one 

transistor one memristor) memory element has been done 

in cadence virtuoso tool at 45nm technology. Figure 6 

represents the transient power of 4x4 array that has been 

calculated at different supply voltage of 0.3V, 0.5V, 0.7V 

and 1V. The graph shows the outputs obtained when one 

of the row and one of the column bars is activated (A0 of 

row and A0 of column) shown in figure 5. 

 

 

Fig. 4 Average Transient Power of 1T1M cell 

Figure4 depicts the average transient power of one 

transistor one memristor cell that serves to be the building 

block of 4x4 array which is found in Pico watts (pW). 

When implemented in whole array, the average transient 

power was found to be in nano watts (nW). 

Table 2: Transient Power of 4x4 array using 1T1M memory element 

 

VDD Transient Power 

0.3 V 8.418 nW 

0.5 V 50.80 nW 

0.7 V 106.1 nW 

1 V 279.5 nW 
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Fig. 5 Outputs during read/write operation of 4x4 array with 1T1M 

memory element. 

 

Fig. 6 Transient Power of 4x4 array 

Conclusions 

An investigation has been made of the effects of different 

supply voltages and their transient power. This is done using 

Cadence Virtuoso tool. Some concluding observations from 

the investigation are given below. In this paper we have 

focused on the use of memristor and implementation of 

4x4 array with 1T1M memory element which was found to 

be a better replacement of conventional sole memristor 

crossbar architecture memories that are facing acute 

problem of sneak paths. Along with that it is also observed 

that the best transient power is obtained at 0.3V that is 

found to be 50.8 nW which is almost half to that found in 

0.7V that is 106.1nW. Thus, Memristor can be used for 

different purposes in different manner to get the effective, 

low power consuming and dense compact devices. It is 

used to store multiple data and is not restricted to only 

binary values zero and ones. 
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