
  
 

 
Realization and Stability Analysis of Perovskite 

Oxide-Based Thin Films for Memory 
Applications 

 

 

 

A Thesis submitted by 

Amit Kumar Shringi 

 

 

 

 

In partial fulfilment of the requirements for the award of the degree of 

Doctor of Philosophy 

 

 

 

 

 

Indian Institute of Technology Jodhpur  

Electrical Engineering  

March 2023 



iii 
 

Acknowledgements 
 
 

I would like to express my sincere gratitude to my PhD Thesis Supervisor, Professor 
Mahesh Kumar, for facilitating me to explore various avenues of material and device research. I 
will be always thankful to him for his continuous motivation, and support during this research 
work. Further, I am grateful to all members of my Doctoral Committee, Professor Shree Prakash 
Tiwari, Professor Somava Mukherjee and Professor Satyajit Sahu, for their suggestions and support 
throughout the period. 

 
I am grateful to our national and international collaborators Professor Michael Saliba 

(University of Stuttgart, Germany), Dr Pawan Kumar Kulriya ( JNU, New Delhi), Dr Ambuj 
Tripati  (IUAC, New Delhi) and S K Kedia (IUAC, New Delhi) for sharing suggestions and 
experimental facilities to complete this work. 

 
I am thankful to my senior Dr Surandra Singh  Barala for his continuous support and 

motivation for though out this journey. Further, I would also like to thank Dr Sapna Ranwa, Dr 
V S Bhati, Dr Adarsh Nigam, Dr Rahul Kumar, Dr Niraj Goyal, Dr Parveen Dagar, Dr Ishan, Dr Vivek 
Raghuvanshi Dr Ajay Mahatto to provide a joyful learning environment during the initial phase 
of my PhD. 

 
A special thanks to all my laboratory mates and juniors Nipun, Ashok, Amit, Sumit, Suraj, 

Atanu, Pulkit, Anurag, Shalu, Anil, Gargi, Sachin, Vikas, Mubbasir, Maloy, Surajit Jai, Arpita, and 
Abdullah for their outstanding support during the work and all my friends to complete this 
journey with a lot of memorable moments at IIT Jodhpur. 

 
Further, I would like to thank all the supporting staff to help me out at the different stages 

of this journey.  
 
Finally, I would like to acknowledge the continuous efforts of my parents, sisters and 

brothers-in-law, nephew Naman and all family members throughout my life to make this 
journey happen. It is their continuous motivation and support that helped me to withstand in 
all conditions. Their patience, support and love helped me a lot to complete this research work.  
 
 
 
 
 

Amit Kumar Shringi 
PhD. Student 

… 



iv 
 



vii 
 

List of Figures 
 
 

Figures Title page 
1.1 Von-Neumann architecture 1 
1.2 Memory hierarchy with their speed and cost comparison. 2 
1.3 (a) Conventional 6T SRAM cell architecture.  (b) Typical DRAM cell. 3 
1.4 Schematic representation of floating gate Flash memory. 4 
1.5 Classification of semiconductor memories. 5 
1.6 (a) Device structure of a FeRAM device. (b) Representation of polarization versus 

voltage curve for a FeRAM. The direction of polarization saturation indicates the ‘1’ 
and ‘0’ states. 

6 

1.7 (a) Device architecture of an STT-MRAM cell. (b) Magnetoresistance curve for a 
typical STT-MRAM. 

6 

1.8 (a) Schematic diagram of a PCRAM cell. (b) Representation of a typical PcRAM 
programming scheme for both set and reset state where phase transition from 
amorphous to crystalline and reverse is governed by pulse time. 

7 

1.9 Schematics diagram of RRAM metal-insulator structure with single switching layer 
(a) and bi-layer switching layer. (b) Schematic diagram representing current-voltage 
characteristics of unipolar and bipolar resistive switching. 

8 

1.10 (a) Schematic diagram representing of type-I WORM. (b) a Schematic diagram of the 
switching curve of type-I WORM. 

10 

1.11 (a) Schematic diagram representing type-II WORM. (b) A Schematic diagram of the 
switching curve of type-II WORM. 

11 

1.12 Schematic demonstrating the resistive switching mechanism with the demonstration 
of forming, set, and reset processes in a typical bipolar RRAM cell. 

12 

1.13 Schematic demonstration of unipolar resistive switching using device I-V 
characteristic. 

12 

1.14 Typical I-V characteristics of bipolar resistive switching characteristics in F8 (a), and 
cF8 modes (b). 

13 

1.15 Schematic demonstration of resistive switching mechanism in a VCRAM. 15 
1.16 Demonstration of switching mechanism in a CBRAM device using typical current-

voltage characteristics and related movement of ions and atoms during each 
transition (1-4) between the HRS and LRS. 

16 

1.17 Schematic representation of the commonly used RRAM device architectures. (a) The 
BE is common to every cell and the switching layer and TEs were patterned. (b) The 
cross-point structure provides isolation between each device with separate bottom 
and TEs. (c) Cross-bar structure forms multiple cross-point cells interconnected to 
each other, providing higher density and the advantage of 3D architecture 
fabrication. 

17 

1.18 The retention time measurement of LaFeO3 RRAM. 18 
1.19 Endurance characteristics for a metal oxide based RRAM. 19 
1.20 (a) Schematic diagram of setup for high-speed switching measurements. (b) 

Switching speed of a LaFeO3 based RRAM device using a voltage pulse. 
19 

2.1 (a) Preparing a sputtering target powder (b) 2-inch hydraulic pressure (c) Furnace at 
fabrication lab, IIT Jodhpur. 

24 

2.2 Schematic representation of the RF sputtering system. 25 
2.3 Photograph of the sputtering system at the microfabrication lab, IIT Jodhpur. 25 
2.4 Schematic of the thermal evaporation system. 26 
2.5 Thermal evaporation system at Microfabrication lab, IIT Jodhpur. 27 
2.6 Schematic representation of low energy ion beam facility. 28 
2.7 Photographic image of the ECR source placed on the high-voltage deck fabrication 

lab. 
29 

2.8 Schematic representation of the working principle of the Pelletron accelerator. 30 
2.9 Photographic image of material science chamber and (b) sample ladder. 31 
2.10 Explanation of Bragg’s law for X-ray diffraction. 32 
2.11 XRD system (D8 Advance, Bruker) at IIT Jodhpur. 32 
2.12 Schematic diagram of UV-Vis spectroscopy. 33 
2.13 Pictorial image of the UV-Vis spectrometer. 33 
2.14 Schematic setup of Atomic Force Microscopy. 34 



viii 
 

2.15 Pictorial view of Atomic Force Microscopy (AFM). 35 

2.16 Schematic illustration and working of FESEM. 36 
2.17 Experimental system for FESEM fabrication lab, IIT Jodhpur. 36 
2.18 Working of Raman spectroscopy 37 
2.19 Experimental system for Raman Microscope fabrication lab, IIT Jodhpur. 37 
2.20 (a) Schematic diagram of Surface profiler (b) Pictorial view of surface profiler 

(DektakXt, Bruker) Fabrication lab, IIT Jodhpur. 
38 

2.21 Probe station with Keithley-4200 SCS for electrical characterization at IIT Jodhpur. 39 
3.1 Schematic representation of process flow for the synthesis of BaTiO3. 43 
3.2 XRD pattern of synthesized BaTiO3 Powder. 43 
3.3 Raman spectra of BaTiO3. 44 
3.4 UV-Vis spectra of BaTiO3 Powder and Tauc’s plot for band gap (inset). 44 
3.5 Atomic force microscopy (AFM) image of area 10 µm×10 µm was taken in non-

contacting mode (NC-AFM) of the device (a) A, (b) B, and (c) C. The line profile of the 
surface is shown below the topography image. 

45 

3.6 Current-voltage characteristics of the devices taken at a voltage loop of -1.5 V to 1.5 
V. (a) for device A, the maximum on-off ratio is ~103. (b) B has a maximum ratio of 
~106, and (c) C is showing ~103 (d) Effect of applied stress on B. The direction of 
applied bias and corresponding current is shown by red arrows. 

47 

3.7 (a)-(c) Data retention of the devices A, B, and C respectively. All the devices read its 
data retention at a particular read voltage of 0.3 V. (d) reading current of 0.1V. (e) 
Effect of annealing on post-forming voltage for device B. (f) effect of contact 
diameter on device performance. 

48 

3.8 Write-read-erase-read cycle of three devices A, B, and C, respectively. The lower dark 
yellow colour plots are the applied write, read, and erase voltage while cyan colour 
lines show the corresponding current varying with time. 

49 

3.9 (a)-(c) current-voltage characteristics for the devices A, B, and C plotted in 
logarithmic scale. The plotted data were linearly fitted to get an idea of the current 
conduction mechanism through the active layer. 

50 

3.10 (a) schematic of the devices before applying bias where oxygen vacancies are not 
arranged. (b) Schematic represents the formation of the filament by oxygen 
vacancies inside the active layer after applying switching voltage (c) picture showing 
the WORM behaviour of the device in which it forms a permanent filament. 

51 

3.11 AFM image of area 10 µm×10 µm in the non-contacting mode of the device (a) BTO-
RT, (b) BTO-150, (c) BTO-300 and (d) BTO-450. The line profile for each surface is 
shown below the topographic image. 

52 

3.12 FESEM images (a) BTO-RT, (b) BTO-150, (c) BTO-300 and (d) BTO-450. 53 
3.13 I-V characteristics of the devices for a voltage loop of -1.5 V to 1.5 V. (a) BTO-RT, (b) 

BTO-150, (c) BTO-300 and (d) BTO-450. The direction of the current path is shown by 
red arrows. 

54 

3.14 (a)-(d) Data retention of the device BTO-RT, BTO-150, BTO-300 and BTO-450 
respectively. For all the devices the data retention was done for a read voltage of 0.3 
V. 

55 

3.15 (a)-(d) Write-read-erase-read plot of all four devices BTO-RT, BTO-150, BTO-300, and 
BTO-450 respectively. The lower blue colour plots represent the write, read, and 
erase pulse and dark cyan colour plots are the corresponding current with time. 

56 

3.16 (a)-(d) I-V characteristics plotted in logarithmic scale for the devices BTO-RT, BTO-
150, BTO-300, and BTO-450 respectively. 

57 

4.1 Schematic diagram representation of irradiation exposes to sample. 60 
4.2 AFM image of area 10 µm×10 µm in the non-contacting mode of the device (a) BTO-P, 

(b) BTO-Ar1, (c) BTO-Ar2 and (d) BTO-Ar3. The line profile for each surface is shown 
below the topographic image.  

61 

4.3 I-V characteristics of the device for a voltage loop of -1.5 V to 1.5 V. (a) BTO-P, (b) 
BTO-Ar1, (c) BTO-Ar2 and (d) BTO-Ar3. The direction of the current path is shown by 
red arrows. 

62 

4.4 Data retention of the device (a) BTO-P, (b) BTO-Ar1, (c) BTO-Ar2 and (d) BTO-Ar3 
respectively. For all the devices the data retention was done for a read voltage of 0.3 
V. 

63 

4.5 (a-d) Write-read-erase-read plot of all four devices (a) BTO-P, (b) BTO-Ar1, (c) BTO-
Ar2 and (d) BTO-Ar3.The lower blue colour plots represent the write, read and erase 
pulse and dark cyan colour plots are the corresponding current with time. 

64 



ix 
 

4.6 I-V characteristics plotted in logarithmic scale for the device (a) BTO-P, (b) BTO-Ar1, 
(c) BTO-Ar2 and (d) BTO-Ar3 respectively. 

65 

5.1 Process flow for the solid-state synthesis of SrTiO3 powder and target preparation. 68 
5.2 XRD spectra of synthesized SrTiO3 powder. 69 
5.3 AFM images for SrTiO3 thin films (a) Pristine (b) 3.3 × 1011 ions/cm2 (c) 6.6 × 1012 

ions/cm2 (d) 1 × 1013 ions/cm2. 
70 

5.4 Current-voltage characteristics of SrTiO3 RRAM devices (a) Pristine (b) 3.3 × 1011 
ions/cm2 (c) 6.6 × 1012 ions/cm2 (d) 1 × 1013 ions/cm2. 

71 

5.5 Retention characteristics of SrTiO3 RRAM devices (a) Pristine (b) 3.3 × 1011 ions/cm2 
(c) 6.6 × 1012 ions/cm2 (d) 1 × 1013 ions/cm2. 

72 

5.6 log(I)-log(V) plots of SrTiO3 RRAM devices (a) Pristine (b) 3.3 × 1011 ions/cm2 (c) 6.6 × 
1012 ions/cm2 (d) 1 × 1013 ions/cm2. 

73 

5.7 Schematic representation of metal bridge filament formation mechanism to explain 
the switching characteristics of SrTiO3 RRAM devices. (a) Fresh Cell (b) Migration of 
Ag ions towards bottom contact (c) Filament formation (d) Filament rupturing. 

73 

6.1 Synthesis and sputtering target preparation process. 77 
6.2 XRD spectra of the synthesized LaFeO3 powder. 77 
6.3 Surface profile data for thickness measurement (a) LFO-1 (b) LFO-2 (c) LFO-3 and (d) 

LFO-4.  
78 

6.4 AFM images of LFO thin film for 10µm ×10µm area (a) LFO-1 (b) LFO-2 (c) LFO-3 and 
(d) LFO-4. The line profile is shown below the surface profile for each sample. 

79 

6.5 Current-Voltage characteristics of the devices (a) LFO-1 (b) LFO-2 (c) LFO-3 and (d) 
LFO-4. The current path is marked by the arrow of red colour. 

80 

6.6 Retention characteristics at a read voltage of 0.3 V (a) LFO-1 (b) LFO-2 (c) LFO-3 and 
(d) LFO-4. 

80 

6.7 Random access memory performance for read voltage of 0.5 V (a) LFO-1 (b) LFO-2 (c) 
LFO-3 and (d) LFO-4. 

81 

6.8 I-V characteristics plotted in logarithmic scale(a) LFO-1 (b) LFO-2 (c) LFO-3 and (d) 
LFO-4. 

82 

6.9 (a) Response speed curve for 4 V square pulse. (b) Thickness V/s on/off ratio. 83 
6.10 Schematic representation of Ag atom-derived switching mechanism for LFO thin film 

memory devices. 
83 

6.11 (a) Gradual reset process as a result of LTP (b) Conductance modulation on the 
application of 0.5 V pulse (c) Gradual set process as a result of LTD (d) Conductance 
modulation on the application of -0.5 V pulse. 

84 

    7.1 AFM images of the LFO thin film for 10µm×10µm area. (a) pristine (b) 1×1015 (c) 3×1015 
and (d) 6×1015. 

89 

7.2 Current-voltage characteristics of the devices. (a) pristine (b) 1×1015 (c) 3×1015 and (d) 
6×1015. 

90 

    7.3 Retention characteristics at a read voltage of 0.3 V. (a) pristine (b) 1×1015 (c) 3×1015 
and (d) 6×1015. 

91 

7.4 RRAM performance for read voltage of 0.5 V. (a) pristine (b) 1×1015 (c) 3×1015 and (d) -
6×1015. 

92 

7.5 I-V characteristics plotted in logarithmic scale. (a) pristine (b) 1×1015 (c) 3×1015 and (d) 
4-6×1015. 

93 

7.6 Gradual set and reset process as a result of LTP. (a-b) pristine (c-d) 2-1×1015 (e-f) 3×1015 
and (g-h) 6×1015. 
 

94 

   

 
 
 



x 
 

 



xi 
 

 
 
 
List of Tables 

 
 

Table Title page 
   

1.1 A benchmark table for the performance comparison of various parameters of emerging and 
existing memory technologies 

8 

2.1 Ion species and energy offered by LEIBF at IUAC, New Delhi 29 
3.1 Comparison of recent work in the WORM area with different active materials 57 
6.1 Recent studies on RRAM devices with different perovskite oxide active layers 84 

   

 

 
 

 
  



xii 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



xiii 
 

  
List of Abbreviations 
  

Abbreviation                 Full form 
  
ANN Artificial neural network 
AFM Atomic force microscopy 
ALD Atomic layer deposition 
Am-BTO Amorphous Barium titanate 
BE  Bottom electrode 
BTO Barium titanate 
CAFM Conductive atomic force microscopy 
CBRAM Conductive bridge random access memory 
CF Conductive filament 
COD Coefficient of determination  
CMOS Complementary metal oxide semiconductor  
DRAM Dynamic random access memory 
DRS Diffuse reflectance spectroscope  
EBL Electron beam lithography 
ECM Electrochemical metallization memory 
ECR Electron cyclotron resonance 
EUV Extreme ultra-violate 
FeRAM Ferroelectric random access memory 
FTO Fluorine-doped tin oxide 
FESEM Field emission scanning electron microscopy 
GO Graphene oxide 
HDDs Hard disk drives 
HfOx Hafnium(IV) oxide 
HRS High resistance state 
HCS High conduction state 
IRS Initial resistance state 
ITO Indium tin oxide 
LCS Low conduction state 
LaFeO3 Lanthanum Orthoferrite  
LRS Low resistance state 
LTP Long term potentiation 
LTD Long term depression 
LEIBF Low-energy ion beam irradiation 
MOS Metal-oxide-semiconductor 
MIM Metal-insulator-metal 
MFC Mass flow controller 
NDR Negative differential resistance 
NVM Nonvolatile memory 
PCRAM Phase change random access memory 
PMC Programmable metallization cells 
PVD Physical vapour deposition 
PVS Pulse voltage stress 
PZT Lead zirconate titanate 
RAM Random access memory 
RRAM Resistive random access memory 
RMS Root mean squares 
RF Radio frequency 
RS Resistive switching 
RT Room temperature 



xiv 
 

SCCM Standard cubic centimetre per minute 
SCLC Space charge limited conduction 
SONOS Silicon oxide nitride silicon 
SRAM Static random access memory 
SRIM Stopping and Range of ions in matter 
SEM Scanning electron microscope 
SHI Swift heavy ions 
1T-1C 1-Transistor 1-capacitor 
TCM Thermo chemical memories 
TE Top electrode 
TEM Transmission electron microscope 
UV-Vis Ultraviolet-Vis 
VCRAM Valance charge RRAM 
WORM Write once-read many times memory 
XPS X-ray photoelectron spectroscopy 
XRD X-ray diffraction 
  


