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Abstract 

Nonvolatile memories using the ferroelectric material has been studied for many years. 

Ferroelectric Field effect (FeFET) transistors using Metal Ferroelectric Insulator Semiconductor 

(MFIS) structure offers non-destructive read out and utilizes ferroelectric layer to alter the 

channel conductivity of semiconductor thereby producing a shift in flat band voltage whose 

difference is known as memory window (MW).  But the ferroelectric layer used in MFIS 

capacitor in the past utilizes thick ferroelectric layer with a minimum thickness of the order of 

~60 nm. The thickness limitation is due to higher voltage drop across the lower  buffer layer 

due to which ferroelectric material is unable to polarize fully at lower gate voltages. Also, the 

MFIS structures reported in the literature unable to meet the long data retention requirements. In 

this work, we used high dielectric constant ( ) Titanium oxynitride (TiOxNy) as a buffer layer 

between Ferroelectric layer and silicon. Taking advantages of high  of TiOxNy comparable 

voltage will be available across PZT (Pb(Zr0.52Ti0.48)O3)  therefore the minimum thickness of 

PZT which shows sufficient polarization is used in this study. 

PZT act as ferroelectric layer and high- xNy) as insulating buffer layer 

of various thicknesses on p-Si (100) substrate was deposited by RF magnetron sputtering 

technique for non-volatile ferroelectric field effect transistors (FeFETs). The best Capacitance 

Voltage (C-V) characteristics were obtained at 6 nm of TiOxNy with memory window of ~1.05 V 

was obtained at cyclic sweep voltage of ± 5 V. Memory window found to be dependent on sweep 

voltage and increases from 0.2 V at sweep voltage of ±2 V to 1.25 V at sweep voltage of ± 6V 

indicating multilevel data storage. On further increasing sweep voltage memory window found 

to decrease due to charge injection. The fabricated structure possesses excellent data retention 

upon extrapolating to 15 years. The proposed system exhibited excellent TiOxNy-Si interface, 

incomparable high breakdown field strength ~11.15 MV/cm and low leakage current density (J) 

~5 µA/cm2 at +4 V. Further Effect of constant voltage stress (CVS) on electrical characteristics 

of MFIS structure was investigated to study the reliability of fabricated devices. The 

experimental results showed trivial variation in memory window ( W) from 1.05 to 1V under 

CVS of 0 to 15V (5.76 MV/cm) at sweep voltage of 5V. Also, leakage current density reduced 

from 5.57 to 1.94 µA/cm2 under CVS of 5.76 MV/cm, supported by the energy band diagram. It 

signifies highly reliable TiOxNy buffer layer for Ferroelectric Random Access Memory.  
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Furthermore, AFM analysis shows the surface roughness of ultrathin TiOxNy and thin PZT films 

are ~2.54 nm and ~1.85 nm, respectively and result the uniform interface between substrate and 

metal. Micro-Raman analysis of the proposed systems confirmed the existence of TiOxNy along 

with rutile phase and perovskite phase of PZT thin films. Microstructures analysis of XRD 

reveals the formation of (100) and (111) orientation of PZT and TiOxNy, respectively.  
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