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ABSTRACT
Phenomenon of resistive switching and alteration of resistive state under the 
gradient of electrical potential is observed in metal oxides thin film. Such type of 
activity is exploited in Resistive switching-based memory devices. Here, we report 
electric field-induced switching behavior from one resistive state to other resis-
tive state in nano-sized SnO2 and Schiff base-modified SnO2 materials. From the 
gradually rise in interest toward more reliable and high energy storage devices, 
metal oxides with Schiff base doping are investigated. Instability in resistive state 
of metal oxides are driven through field-induced lattice distribution which causes 
a scattering of mobile electron of different strength. The emergence of resistive 
switching in SnO2 along with Ohmic nature. Resistive switching behavior is less 
studied in bulk form; but such unconventional type of approach provides a more 
space toward the theoretical studies and their proper understanding.

1 Introduction

The past few decades have been witnessed significant 
advances in the field of memory storage via elucidation 
of state-of-art device miniaturization technique, theo-
retically demanded novel compositions of smart mate-
rials, and followed by proper assessment of govern-
ing mechanism. Various types of materials have been 
investigated for memory storage processing. Initially, 
materials demonstrate ferroelectric ordering, magnetic 
ordering, modulation in resistivity with exposure to 
magnetic field, semiconductor due to switching prop-
erty of certain physical property (polarization, mag-
netization, resistivity). On the basis of above physi-
cal response, a range random access memory (RAM) 
devices have been realized, for example, Ferroelectric 

RAM (FeRAM), Magnetoelectric RAM (MeRAM), 
Magnetoresistance RAM (MRAM), Tunnel Magne-
toresistance (TM), and Phase Change RAM (PRAM). 
Till now, MRAM are available for commercial pur-
pose. In this device, data is written by switching the 
magnetic states (± M) upon application of a magnetic 
field while to read data, one exploits variation of mag-
netoresistance in the magnetic states. Being hard fer-
romagnets, the materials in the MRAMs possess high 
coercivity resulting in large magnetic field requirement 
for switching magnetic states and thus consume large 
amount of energy and this limits the performance of 
magnetism-based devices. In contrast, ferroelectric 
memories (FeRAMs) possess faster writing speeds via 
achieving bi-stable polarization state and are energy 
efficient. FeRAMs devices are still under progress, 
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a high resistance state to a low resistance state upon 
reaching a specific threshold voltage. This property 
holds significant potential for utilization in high-speed 
electronic devices. Akbari-Saatlu et al. have remark-
ably demonstrated the good sensing sensitivity of 
SnO2 toward minute exposures of CH3SH and H2S 
gases across a broad concentration range. Koliopoulou 
et al. reported on the realization of a low-temperature 
processed, Electrically Erasable Programmable Read-
Only Memory (EEPROM)-like device. The electrical 
characteristics of the final hybrid Metal–Insulator-
Semiconductor (MIS) memory cells were evaluated in 
terms of memory window and program/erase voltage 
pulses [6–8].

Metal oxides are well known having resistive 
switching phenomenon. Various binary metal oxides 
TiO2 [9], NiO [10], Nb2O5, ZrO2, MgO, CoO, HfO2 
[11], ZnO [12], SnO2, CuO, Ga2O3, AlOx [13], graphene 
oxides have been studied [14]. SnO2 has a wide band-
gap and n-type semiconducting characteristics. Haf-
nium oxide (HfOx) is a strong candidate for resistive 
switching memories due to its excellent performance 
with the higher endurance, ultra-high switching 
speed, data reliability, and multilevel storage capabil-
ity. ZnO is another n-type semiconductor, exhibits low 
toxicity and high stability in their switching behav-
ior. Perovskite materials like (Ba,Sr)TiO3 [15], SrZrO3, 
BiFeO3, and (Pr,Ca)MnO3 [16] have also been studied. 
Dielectric materials with large band gap like Al2O3 and 
Gd2O3 and chalcogenides (In2Se3 and In2Te3) are prom-
ising candidates in this area [1]. There are large group 
of materials which belongs to resistive switching fam-
ily, but the mechanism of switching is not clear yet.

SnO2 is optically transparent n-type semiconductor 
material with band gap of 3.6 eV. Though tin oxide is 
considered as important candidate in the field of tech-
nology for exhibiting excellent optical, gas-sensing for 
extremely stable in harsh condition and transparent 
conducting electrode, it has gained attention in resis-
tive switching memory [17]. Here, we observe resistive 
switching in Schiff base SnO2 material with two probe 
electrical resistivity measurement configuration rather 
than parallel capacitive form. Schiff bases contain the 
azomethine group (–RC = N–) and are usually formed 
by the condensation of a primary amine with an active 
carbonyl compound [18, 19]. Further, Schiff base 
compounds are found to be very promising because 
of their biodegradability, non-toxicity, good electri-
cal conductivity in conjugated compounds, cheaper, 
and easy production. They are stable and can tune the 

desired storage density of gigabyte level has not been 
achieved yet. Moreover, most efficient ferroelectric 
materials (PbZrxTi1-xO3, SrBi2Ta2O9) are being used for 
RAM purpose only, magnitude of polarization in these 
materials is large but there is no further scope toward 
improvement in degree of polarization. The limitation 
on polarization magnitude leads no room for further 
scope of progress in FeRAM technology.

To realize a memory device (small, cheap, fast, and 
reliable), various techniques are being seriously pur-
sued. In principle, MRAM and PRAM are similar 
to RRAM. From mechanism point of view; MRAM, 
PRAM, and RRAM are qualitatively different from 
each other. First two approaches have been well 
explored from mechanism viewpoint while RRAM is 
relatively less understood. Due to its promising char-
acteristics and ranked efficiency, RRAM are being 
extensively explored without paying much attention 
on their governing mechanism [1–5]. However, these 
have limitations on their size and show slow read-
ability due to their destructive read operation and 
subsequent reset. With these unfavorable circum-
stances, present technology has grown at satisfactory 
level but—with ever-increasing prolific demand and 
affinity toward “ultimate memory devices”- various 
important parameters – governing important role in 
function of memory devices are yet to be addressed. In 
order to meet switching-based devices with ultimate 
performance (non-volatile, dense, robust, fast, good 
endurance and retention property, less energy expen-
sive, high ON–OFF ratio), the researcher from aca-
demic and industrial institution are having attention 
toward other physically equivalent approach to realize 
a switching device with improved performance. Apart 
from having great contribution in memory storage, 
these switching devices have been promisingly mim-
ics as synapses for neuromorphic activity.

SnO2 is a widely used material in gas-sensing tech-
nology, owing to its desirable physical–chemical prop-
erties and benefits from its porous structure. However, 
from a gas-sensing application perspective, SnO2 suf-
fers from high operating temperatures, low sensitivity, 
and poor selectivity. Recent advancements in synthe-
sis and characterization have enabled SnO2 nanoma-
terials to exhibit improved gas-sensing performances. 
SnO2 materials with diverse morphologies and textur-
ing have achieved enhanced sensing performances. 
Furthermore, recent studies have demonstrated that 
SnO2 is capable of exhibiting threshold-switching 
phenomena, characterized by a rapid transition from 
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ligational aspects by varying denticity and basicity. 
Due to these interesting properties of Schiff bases, I-V 
characteristics of Schiff-based SnO2 were found to be 
enhanced. Probably, this study will provide relaxa-
tion to the manufacturer of switching devices and their 
theoretical modeling toward the scalability, stability, 
switching speed and mechanism.

2 �Experimental details

Schiff base was synthesized by simple conventional 
method of refluxing using o-vanillin (0.456 g, 3 mmol) 
and p-toluidine (0.321 g, 3 mmol). A clear solution was 
obtained by dissolving starting materials in minimum 
amount of ethanol- water mixture (2:1, 15 ml). The 
obtained reaction mixture was then refluxed with con-
stant stirring for 3 h. Dark orange colored crystalline 
product was obtained by filtration after 24 h.

Schiff Base-doped tin oxide nanoparticles were 
prepared by sol–gel method. Appropriate amount of 
Schiff base was dissolved in tin tetrachloride pentahy-
drate (SnCl4·5H2O) in ethylene glycol. Resultant mix-
ture was then stirred for three hours till the solution 
becomes transparent. The reaction mixture was heated 

up with stirring at 120 ℃ till it reduces to one third 
of its original volume. The gel formed was calcined 
at 600 ℃ for two hours at the rate of 2 ℃ min−1. The 
obtained powder is dried in pestle and mortar.

For the I-V characteristics measurement, two elec-
trical terminals contacts were developed with silver 
paste and connected to the Source meter and Nano-
voltmeter (Kiethley Instrument Inc.). I-V data was 
collected with LabVIEW program. At room tempera-
ture, the crystallite size and phase purity of synthe-
sized samples were determined by using X-ray Dif-
fraction (XPERT-PRO). Observed X-ray diffraction 
patterns were refined with GSAS-EXPGUI software. 
Transmission Electron Microscopy of JEOL (JEM-1011) 
was used to study the TEM images of all the prepared 
samples. The presence of surface defects like oxygen 
and tin vacancies were studied by Photoluminescence 
Spectroscopy (RF-5301). To understand the functional 
groups present in the system, Fourier Transform-Infra-
red (FT-IR) spectra were recorded using Perkin Elmer 
Spectrum two. Magnetic measurements of pure SnO2 
and Schiff base-doped SnO2 were recorded by using 
Vibrating Sample Magnetometer (Microsense EZ 9).

3 �Results and discussion

Figure 1 shows the X-ray diffraction patterns of pure 
SnO2 (A1) and Schiff base-doped SnO2 (A2) nanopar-
ticles. Phase purity and tetragonal symmetry (space 
group P42/mnm) of synthesized samples were inves-
tigated through the analysis of X-ray diffraction (XRD) 
patterns. Rietveld refinement of XRD patterns of A1 
and A2 were performed by using GSAS – EXPGUI 
software. No additional peaks were observed in XRD 

Fig. 1   XRD patterns of (A1) 
pure SnO2 and (A2) Schiff 
base-doped SnO2
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pattern which suggests that synthesized systems have 
no any unreacted ingredients. Cell parameters for A1 
sample were found to be a = 4.742 (2) Å, b = 4.742 (2) 
Å, c = 3.189(1) Å, V=71.724 Å3 and Wyckoff position 
Sn (0.000, 0.000, 0.000) and O (0.307, 0.307, 0.307) and 
A2 exhibits unit cell parameter 4.741 (2) Å, 4.741(2) Å, 
3.189(1) Å, and V=71.724 Å3. The crystallite size was 
found to increase from 12 to 31 nm with the incor-
poration of Schiff base in tin oxide lattice, estimated 
from Debye – Scherer equation [20]. The observed 
intensity of Bragg reflection peak (110), centered at 
26.6° is higher than the calculated intensity which 
suggests that microstructures of SnO2 have grown 
preferably along (110) plane [21, 22]. Figure 2 shows 
TEM micrograph of both samples A1 and A2. Parti-
cle size distribution analysis is consistent with results 
obtained from XRD. It is observed that microstructure 
of A1 grows with irregular geometry (average particle 
size ~ 13 nm) and A2 are found to be spherical nature 
and comparatively larger in size (average particle 
size ~ 22 nm). It also reveals that Schiff base doping 
causes considerable change in shape, size, and narrow 
crystallite distribution of microstructures of synthe-
sized samples.

To understand the presence of different functional 
groups in the lattice, FTIR spectra of pure and Schiff 
base-doped tin oxide nanoparticles has been recorded 
and shown in Fig. 3. The main hump around 3400 cm−1 
in the spectra is attributed to the O–H stretching vibra-
tion. Bending vibrations at 1624 cm−1 corresponds to 
the water content adsorbed on the surface of samples. 
In the crystalline phase, the presence of SnO2 was con-
firmed by the peak observed at 616 cm−1 which is due 
to the O–Sn–O stretching vibration in the system [23].

Photoluminescence collectively provide insight into 
molecular, structural defects and impurities. Figure 4 

Fig. 2   TEM micrographs 
of (A1) pure SnO2 and (A2) 
Schiff base-doped SnO2

Fig. 3   FTIR spectra of (A1) pure SnO2 and (A2) Schiff base-
doped SnO2
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shows photoluminescence (PL) emission spectra of 
pure and doped SnO2 specimen in the wavelength 
region of 390 nm to 500 nm. PL spectra of pure SnO2 
exhibits two prominent anomalies at ~ 423 nm and 
445 nm [24]. Since the maxima of this emission spec-
tra ~ 423 nm (2.93 eV) and 445 nm (2.78 eV) is far below 
from band gap, 3.62 eV (344 nm) of SnO2. This infers 
that observed prominent peaks in PL spectra are not 
inherently associated with recombination activity 
between a conduction electron in the Sn 4p band and 
a hole in the O 2p valence band [25–28]. Further, these 
PL activities may be devoted to some indirect lumi-
nescent active centers. These indirect radiative centers 
introduce intermediate energy levels caused by defects 
such as interstitial defects, cation/anion vacancies, and 
dangling bonds. In transition metal oxides, the anionic 
vacancies V0

O

, V+

O

 , and V++

O

 act as main radiative center 
and traps conduction electrons. The V++

O

 vacancies 
play active role in the visible range which indicated 
that V++

O

 vacancy is governing the physical activity 
in SnO2 and doped SnO2. Former two anomalies are 
also visible in Schiff-based SnO2 (A2) and we observe 
additional peak at 412 nm. To explore origin of the 
peak at 412 nm, temperature dependence of PL spectra 
for doped material has been studied. On the eleva-
tion of temperature, peak become more noticeable and 
shows a redshift characteristic. Thus, optical activity 
reported in the wavelength range of 400–500 nm sug-
gests that nanoparticles of A1 and A2 possess anionic 
vacancies [29]. This peak nature may be attributed to 
thermally induced metastable defects energy levels. 
The fragile nature of the peak suggests that Schiff base 
doping may open another route to modulate edges of 
conduction band and to achieve desired optical prop-
erties. Schematic energy diagram of pure SnO2 and 
Schiff-based SnO2 derived from PL emission spectra is 
illustrated in Fig. 5. The anionic vacancies are known 

to be responsible for various functionality in transi-
tion metal oxides. Here, we explore resistive switching 
property of synthesized samples.

Current voltage characteristics curves were 
recorded at room temperature using two probe tech-
nique, both source and sensing with same terminal. 
The switching reproducibility of I-V characteris-
tics over 100 cycle is observed. Switching behavior 
observed in SnO2 was found to be free of fluctuation. 
During the ascending branch of I-V measurements, 
the switching voltage was 12.5 V. Further, reversal 
branch of I-V characteristics suggests switching volt-
age is 9 V. In principle, on the basis of I-V profile the 
resistive switching phenomenon may be classified in 
two major classes; digital and analogue switching. The 
analogues switching exhibits gradual (non-monotonic) 
change in with applied electric field. I-V characteristics 
of SnO2 were found to exhibit step like switching. Step 
like switching corresponds to digital switching On (1) 
– OFF (0) state. In ON state, SnO2 exhibits lower resis-
tive state that is called low resistive state (LRS), while 
in OFF state, the material exhibits higher resistive state 
(HRS). As the concept of switching refers that steep 
change in parameters (resistivity) along with the vari-
ation of its conjugate parameters. From technological 
point of view, steep switching in desired parameters 
are highly desirable especially for the memory and 
storage purpose.

A steep change in electrical conduction in metal 
oxides is devoted to the active role of Ag+ ions of 
electrode and constituent ion oxygen as O2− which 
suggests that the formation of Ag+ filament is more 
dynamic than the other electrode metals [30]. Field 
driven rearrangement of Ag+ and O2− forms con-
ducting filament, provides less resistive path to the 
current carriers. Most reliable theory toward the 
hysteretic nature of I-V curve is based on formation 

Fig. 5   Schematic energy 
diagram of (A1) pure SnO2 
and (A2) Schiff base-doped 
SnO2
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of conducting filament of mobile ions (electrode 
metal and oxygen anions). This filament mechanism 
involves role of different conducting path. The con-
ducting filament is formed in presence of electric field; 
metal oxide changes its state from HRS to LRS. When 
mature conducting filament is exposed to the electric 
field of reversed polarity, the topology of filament is 
modified and conduction phenomenon is suppressed. 
Further, defects/vacancies are believed to be origin of 
conductivity in SnO2 [31]. The suppression of electri-
cal conductivity suggests that breaking of conducting 
filament has occurred. In SnO2, we get hysteresis in I-V 
characteristics which is different from the non-volatile 
resistive switching and are shown in Fig. 6. Here, we 
observed a transition from LRS to HRS at E > 0. Switch-
ing from LRS to HRS without reversal of electric field 
signals that filamentary formation/disruption is not 
playing vital role. Here, we propose a barrier forma-
tion via charge trapping/detrapping process.

S. Almieda et al. has investigated thin film of SnO2 
on glass substrate, deposited by RF magnetron reac-
tive sputtering at room temperature [32]. SnO2 was 
characterized in form of Ag/SnO2/Ti structures. In this 
study, they realized the filamentary type mechanism 
via varying the area of electrical contacts. High field 
conduction process in this configuration was not of 
Ohmic type. They also do not find its compatibility 
with other conduction mechanism such as Poole-Fran-
kel, Schottky emission or space-charge-limited con-
duction. Switching phenomenon of SnO2 was finally 
attributed to change in structure.

Defects in nanoparticles of SnO2 causes various 
physical properties which remain unavailable in its 
bulk form. To explore nature of oxygen vacancies and 
vacancy driven magnetism, isothermal magnetiza-
tion vs external magnetic field has been performed, 
as shown in Fig. 7. Magnetization (M) is found to be 

increasing in negative direction with increasing mag-
netic field (H) which shows diamagnetic behavior 
of both synthesized A1 and A2. In low field region 
(−1.5kOe < H + 1.5kOe) , M vs H curve of specimen 
A1 shows hysteretic nature (shown in inset of Fig. 7 
which signifies weak ferromagnetic characteristics 
of A1. Specimen A2 exhibits linear response in M(H) 
curve. Specimen A2 changes rate of magnetization for 
H > 1.5kOe which further indicates about paramag-
netic nature. To visualize this effect, we examined 
derivative dM/dH as function of external field H as 
shown in Fig. 8. Obtained derivative remains negative 
for both samples.

The dM/dH curve for A1 varies slowly while 
derivative is steeper for A2. This disappearance 
of hysteresis is consistent PL spectra and may be 
attributed to significant contribution of V×

O

 and con-
sistent with PL spectra. As in metal oxides, oxygen 
vacancies may be attained distinct charge, magnetic 
state, wavelength specific visible luminescence and 

Fig. 6   IV characteristics of 
(A1) pure SnO2 and (A2) 
Schiff base-doped SnO2

Fig. 7   M-H plots for (A1) pure SnO2 and (A2) Schiff base-
doped SnO2
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recombination center due to having intermediate 
energy, EVO, ( E

VB
< E

VO
< E

CB
 ) [33]. The oxygen 

vacancy V+

O

 exhibits one unpaired electron which 
will contribute as paramagnetic identity. V×

O

 exhib-
its pair of delocalized electrons and corresponding 
energy levels lies close to the conduction band due 
to correlation energy of two electrons. V×

O

 is fragile 
in nature against the thermal activity and in ambi-
ent condition V×

O

 remain optically inactive in pure 
SnO2 due to thermal conversion of V×

O

 into V+

O

 and 
e
CB

′ while Schiff base-modified SnO2 exhibits peaks 
corresponding to V×

O

 at 412 eV.

4 �Conclusion

In summary, we characterized nano-sized SnO2 and 
Schiff-based SnO2 using XRD, TEM, FTIR, PL spec-
tra, I-V characteristics, and isothermal magnetiza-
tion. Diffraction studies reveal that particles size of 
synthesized SnO2 and Schiff-based SnO2 is of order 
of ~ 20 nm. Conventional characteristic peaks appeared 
in PL spectra are observed in SnO2 and Schiff-based 
SnO2 exhibits additional PL peak centered at 412 nm. 
This additional peak corresponds to V×

O

 which remain 
absent in PL spectra of SnO2 and ZnO type materials. 
It may be inferred that Schiff base modulation can be 
employed to enrich PL spectra for various technologi-
cal application. Further, resistive switching character-
istics of SnO2 and Schiff base SnO2 has been investi-
gated. This study reveals that Schiff base doping offers 
robust resistive switching property.
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