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Abstract  

Low power and space consumption are two essential criteria for future non – volatile memory technology. Among 

other emerging memory technologies resistive memory becomes very promising and efficient one because it fulfils 

all criteria for sustainable memory technology.  In this work we have investigated the resistive switching 

characteristics in FTO/TiOx/Metal structure. The device shows low power switching characteristics at ±2V with 

current of 2.7 μA. The device shows unique properties of bipolar resistive switching. The high resistance ratio of 

>10
2
 and uniform switching cycles are another potential factors of this structure. We have also investigated the 

current conduction mechanism for the HRS and LRS of our device during SET and RESET processes.  
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1. Introduction 

At present, resistive random access memory (RRAM) 

becomes very promising candidate for future non-

volatile memory technology because of its simple 

capacitor like structure, low space consumption, cost- 

effectiveness nature.[1-3]. Basically, a dielectric 

medium like HfO2, Ta2O5, Al2O3, TiO2 etc.as a 

switching medium is sandwiched between two metal 

electrodes [4-8]. The set and reset processes are the 

result of conductive filament formation and rupture 

inside the switching medium, respectively [9].For 

sustainable and efficient performance of a device the 

selection of switching medium is very important.  

Switching medium must have wide band gap, stability 

for large cycle operation and retentivity. In this regard, 

titanium dioxide (TiO2) is highly important in both 

theoretical and experimental field of research because 

of its very interesting electronic structures and wide 

band gap (3.23eV for anatase) which can be tuned by 

several processes [10]. At a lower synthesis 

temperature (600 °C), TiO2 nanoparticle tends 

tonucleate to an anatase phase as surface Gibbs free 

energy is lower for anatase phase than the rutile. 

Physical properties of TiO2 not only depend on the 

phase structure but it depends also on the agglomerated 

micro structure, pores, and particle size. For different 

physical and chemical process like charge transfer, 

chemical reaction, photon absorption etc. the molecules 

on the surface of a particles are more active than those 

stay inside. Hence, surface property is very important 

for device performance. 

We can deposit titanium oxide using different 

deposition processes like sputter, thermal evaporation,  

e-beam evaporation, sol-gel etc. on various 

substrates.In this workwe have used sol-gel with spin 

coating techniques for TiOx thin film for the simplicity 

of the technique and easy to prepare in 

laboratory.There are several promising reports on TiO2 

based resistive memory characteristics on different 

research work. C.Yoshidaet al. fabricated a device with 

structure Pt/TiO2/TiN/Pt/Ti/SiO2/Si, with set and reset  
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voltages -1.1V and 0.7V, respectively and the 

resistance ratio is 10
2
[11].Chanwoo Lee et al. designed 

a Ti/TiO2/W device with unipolar switching having set 

and reset voltages 1.4V and 0.6V, respectively. The 

device shows resistance ratio>10
4
-10

5
 and the retention 

is>10
4
s [12]. H.Y.Jeong fabricated a Al/TiO2/Al/PES 

device with set and reset voltages -2V and -1.8V, 

respectively and the resistance ratio 10 [13]. M.Yanget 

al. fabricated a device with structure 

ITO/TiO2/ITO/glass with set and reset voltages 2.3V 

and -2.5V, respectively [14]. H.Y.Jeonget al. fabricated 

a device with structure Al/a-TiO2/Al/SiO2/Si with set 

and reset voltages -2.2V and 2.2V, respectively [15]. 

Kuyyadi P Bijuet al. fabricated a device with bipolar 

switching of structure Pt/TiO2/W with set and reset 

voltages +20Vand -20V, respectively. This device 

showed resistance ratio and endurance of 10 and 10
3
 

respectively [16]. A.Regoutzet al. fabricated a device  

 

with structure Pt/TiO2/Pt/Ti/SiO2/Si with set and reset 

voltages -2.2V and 1.6V, respectively [17]. M.Xiaet al. 

fabricated a device with structure Al/TiO2 NRA/TiO2 

seed/FTO device with set and reset voltages 4V and -

4V, respectively [18]. S.Royet al. fabricated a device 

showing bipolar switching with structure Al/TiO2/Si 

MOS with set and reset voltages +2.8V and -3V, 

respectively [19]. Shi-Xiang Chen et al.fabricated a 

device of structure ITO/TiO2/Pt/Ti with set and reset 

voltages 0.6V and -0.5V. They showed resistance ratio 

and retention of 10
1
 and 10

2
, respectively [20]. In this 

research work we have demonstrated low power 

switching characteristics of <+/-2 V set/ reset voltages 

with < 2.7µA current in the simple FTO/ TiOx/Metal 

structure. The device shows > 50 consecutive, uniform 

switching cycles with resistance ratio > 10
2
. These 

characteristics of our device make it as a potential 

candidate for future memory technology

.

2.Device Fabrication 

 

For the preparation of titanium oxide thin film, we 

have used Titanium (IV) Isopropoxide or TTIP (sigma- 

Aldrich) precursor. At first, we have mixed 1.5 ml of 

TTIP with 20 ml of Ethanol (99.5 %). This creates a 

white sol solution. Then we put the solution on a 

magnetic stirrer for stirring along with a magnetic bit. 

After that, we have added acetic acid dropwise with the 

help of a microtip pipette, until the solution became 

colourless. Thus, after addition of 1 ml of acetic acid, 

the solution became colourless and a gel like solution 

was formed. After that, we have left the solution for 1 

day for aging. Then, we have taken a FTO coated glass 

(Sigma – Aldrich) and cleaned it with soap water then 

deionised water and after that with acetone. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Then, we have covered a portion of FTO coated glass 

with Crypton tape so that by removing the tape we can 

get the bottom contact from FTO, and put it on a spin 

coater(EZspin – ADV -Apex instrument). Then, 

wehave poured the sol-gel solution of TiO2 on FTO 

coated glass with the help of a microtip pipette. Then 

we  have made spin for the preparation of the thin film 

for 3000 rpm for 10 s. After that we have put the 

device on a heater with 125° temperature for 15 

minutes. So that the film gets dry. The complete 

processes is step wise schematically shown in Fig. 

1.The current –voltage (I -V) characteristics of our 

FTO/TiOx/ metal structure are measured using Keithley 

sourcemeter 2400.  

 

3. Result and discussions 

3.1 Current – voltage (I-V) characteristics   

The bipolar resistive switching I-V characteristics at a 

low current of < 2.7 µA for the FTO/TiOx/Metal device 

are shown in the Fig. 2. The device shows formation 

free switching cycles.  The arrows (1 → 4) indicate the 

direction of I-V sweep as (0 → +2 → 0 → -2 → 0). 

Therefore, low operation voltage of< 2V and -2V is 

observed. The reset current is less than 0.2 nA, the set 

current is about 2.7 µA. We have set the compliance 

current is about 1mA to avoid any destruction of our 

device. The currents at HRS and LRS are ~1.7nA and 

~7.8 uA at read voltage, Vread = -1V in RESET state. In 

SET state the currents at HRS and LRS are ~13 nA and 

~1.1uA at Vread= 0.6 V in SET state. We have taken 

two different read voltages in reset and set state to 

indicate the efficient performance zone of our bipolar 

device. The resistance ratio s>10
2
. 
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Fig 1: Schematic diagram of the fabrication of 

TiOx thin film on FTO glass plate. 

Fig 2: Current – voltage characteristics of 

FTO/TiOx/metal structure 
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The device shows consecutive > 50 uniform 

switchingcycles. The sweeping voltages are (0 → +2 

→ 0 → -2 → 0) applied on the top electrode with 

respect to the grounded bottom electrode is shown 

through arrows from 1 to 4 in the Fig. 3. A current 

compliance of 1 mA is applied to avoid any damage of 

the device. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

3.2 Cumulative probability 

The Fig. 4 shows the statistical distribution of current 

at low resistance state (LRS) and high resistance state 

(HRS) for 50 numbers of switching cycles. The Vread 

values are -1V and 0.6V for reset and set state, 

respectively. The cycle-to-cycle uniformity is clearly 

seen from cumulative probability plot. The HRS/LRS 

ratio was obtained >10
2
. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

3.3Current Conduction mechanisms  

We have investigated about the possible current 

conduction mechanism for both HRS and LRS in reset 

state of our device. We have focused on the reset zone 

because this shows the effective memory 

characteristics compare to set zone. After verifying 

different conduction mechanisms such as Schottky, 

Poole – Frenkel (PF), Ohmic etc. it is observed that the 

HRS of the device follows Schottky conduction  

 

 

 

whereas the LRS follows the Ohmic conduction. This 

is shown in Fig. 5. All the data are taken at room  

 

temperature.Since the reset of our device is a result of 

negative bias on the top electrode with respect to the 

bottom electrode, hence the possibility of filament 

rupture is at the TiOx/FTO interface. At that interface 

electric field becomes very high and as a result 

filament rupture and formation highly favourable there. 

So, there is a Schottky barrier at the TiOx/FTO 

interface. This filament formation and rupture 

processes has been explained explicitly in next 

paragraph. On the other hand the Ohmic conduction in 

LRS indicates the formation of Ohmic path inside the 

device during set process.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

To verify the Schottky conduction we have used the 

following relation [21]. 

J = A∗T2exp

 

 
−q  φ

B
−  

qE

4πε0εr
 

KT

 

  

Where J is the current density, A* is the effective 

Richardson constant, K is the Boltzmann’s constant,  T 

is the absolute temperature, q is the electronic charge,  
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Fig 3: Consecutive 50 uniform switching cycles 

shows the robustness of the device 
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Fig 4: Cumulative probability plot of current at 

HRS/LRS for reset and set side. 

 

Fig 5: Current conduction mechanism shows (a) 

Schottky conduction at the HRS and (b) Ohmic 

conduction at the LRS of the device. 
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qφB is the Schottky barrier height (i.e., conduction band 

offset), E is the electric field across the dielectric, 𝜀0 is 

the permittivity of the free space  and ԑr is the dynamic 

dielectric constant. On the other hand for the 

verification of Ohmic conduction we have used the 

following equation [21]. 

J = qμENCexp  −
Eg

2KT
  

Where, J is the current density, µ is the electron 

mobility, NC is the effective density of states of the 

conduction band, Eg is the energy band gap. Further 

high temperature study for conduction mechanism is 

needed. 

4. Conclusion  

The resistive random access memory becomes very 

promising and efficient candidate for future memory 

technology for its simple structure, low power 

consumption and cost – effectiveness. In this study we 

have found out the low power memory characteristics 

in our structure FTO/TiOx/metal structure. The device 

shows uniform > 50 switching cycles at low current of 

< 2.7 µA. The device also shows the formation free 

set/reset characteristics at the low operating voltages of 

+/- 2 V. This low power consumption and uniformity 

of our TiOx based device makes it very promising for 

future non - volatile memory applications. We have 

also seen that the probable current conduction 

mechanisms in HRS follows Schottky conduction and 

LRS follows Ohmic conduction and which are 

compatible with filamentary switching phenomena.  
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