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Abstract. In this article, we report the results of the fabrication and studies of Y0.95Ca0.05MnO3/Si device (referred
hereafter as YCMO/Si) by pulsed laser deposition (PLD) and its temperature-dependent resistive switching (RS) behaviours measured across the YCMO/Si interface. These temperature (100–300 K)-dependent hysteretic current–voltage
(I–V) characteristics have been understood on the basis of various possible charge conduction mechanisms involving the
thermal effects on the charge carriers during four different cycles of the RS behaviours. Variations in the values of barrier
height and the ratio of free to trapped charge carrier densities with temperature have been discussed for reverse bias mode
of this YCMO/Si device. Temperature-dependent temperature coefficient of resistance (TCR) under different applied
forward voltages shows an interesting variations in TCR with applied forward voltage, which proves this device as a
potential candidate for practical applications.
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Introduction

Recently, research and development work on rare-earth
colossal magnetoresistance (CMR) manganites have picked
up a tremendous speed mainly due to their interesting
interrelated properties and practical applications in spintronic devices. Their interrelated intrinsic properties are
mainly based on four degrees of freedom, i.e., lattice,
charge, spin and orbital. They are known to exhibit phase
transformation from metal to insulator at temperature TP,
ferromagnetic to paramagnetic at temperature TC and antiferromagnetic to paramagnetic at temperature TN. In the
vicinity of these phase transformations, they also show a
large magnetoresistance (MR) effect, known as intrinsic
MR behaviour. All these phase transformation temperatures
and MR bahaviour strongly depend on different possible
ground states, such as ferromagnetic metal, antiferromagnetic insulator, ferromagnetic insulator, paramagnetic
insulator, etc., which are more concentrated for the development of specific applications of manganites. To alter
these ground states, intentionally, various perturbing
parameters can be employed including temperature [1],
magnetic field [2], voltage [3], current [4], electric field [5],
pressure [6], irradiation [7], etc.
Manganites have been studied extensively in last two and
half decades for their sensitivity to temperature and

magnetic field [8,9], phase coexistence [10], anomalous
positive MR [11], size disorder [12], electroresistance (ER)
bahaviour [13], role of Mn–O–Mn magnetic lattice [14],
electrical and magnetic property correlations [15], capacitive nature [16], interface effects [17], various charge conduction mechanisms [18], electric pulse induced change in
resistive bahaviour [19], magnetic tunnel junction [20], spin
filtering process [21], RS bahaviour [22], etc. It is a great
challenge to design and develop a non-volatile two terminal
device, in which memory can be controlled by current/
voltage. Initially, RS has been realized between high
resistive amorphous and low resistive crystalline states of
semiconductors inspired by joule heating–cooling processes
[23]. Further progress in this field and future developments
are strongly dependent on the investigations on solid-state
memory devices. Depending upon the requirements, memories have been identified as phase change memory (PCM),
resistive random access memory (RRAM), ferroelectric
random access memory (FERAM), etc. Due to a fast
response, appropriate power consumption and good reliability of RRAM, most of the RS studies have been concentrated on it. Generally, RRAM is based on either
(i) metal/insulator/metal structure or (ii) metal/insulator/
semiconductor structure. Variety of top metal electrodes,
bottom metal/semiconducting electrodes, simple/complex
oxide materials has been employed to design and develop
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RRAM devices [24,25]. The cost effectiveness and easy
bandgap control in Si material prompt one to use Si as
bottom semiconducting electrode in RRAM structures
[26–28]. Reports exist on the RS studies on manganite/Si
interface, wherein natural creation of SiOx insulating layer
has been discussed in the context of RS bahaviour [26–28].
Few reports exist on the studies on RS bahaviour in
YMnO3-based thin film devices [29–33]. Recently, multilevel RS across the YMnO3/Nb:SrTiO3 interface has been
observed [29]. Interestingly, YMnO3-based manganite thin
films and devices exhibit, both, unipolar and bipolar behaviours [30,32]. An efficient role of domain wall and point
defects in controlling the RS behaviours in YMnO3-based
polycrystalline films has been discussed in detail elsewhere
[31]. Dhruv et al [16,34–36] have also studied various
electrical and transport properties of 5% Ca-doped YMnO3
(YCMO) manganite films grown on single-crystalline Si
substrates using cost-effective chemical solution deposition
method. Since no report exists on the RS studies on YCMO
manganite on Si substrate, in this communication, we report
the results of the studies on temperature-dependent RS
behaviours of single-phase crystalline device of YCMO
grown on (100) single-crystalline Si substrate using
sophisticated pulsed laser deposition (PLD) technique.
Recently, we have reported various aspects of RS behaviours for the similar materials (i.e., divalent doped YMnO3
manganites) based on (i) swift heavy ion (SHI) fluence for
Y0.95Sr0.05MnO3/SrNbTiO3 films with thickness of 100 nm
[37], (ii) swift heavy ion (SHI) fluence for Y0.95Sr0.05MnO3/
SrNbTiO3 films with thickness of 300 nm [38], (iii) swift
heavy ion (SHI) fluence for Y0.95Sr0.05MnO3/Si films with
thickness of 100 nm [39], (iv) temperature and dopant for
Y0.95A0.05MnO3/SrNbTiO3 (A = Ca and Sr; temperature at
100 and 300 K) films with thickness of 300 nm [40] and
(v) temperature for Y0.95Sr0.05MnO3/Si films with thickness
of 100 nm [41]. In all these studies, we have concentrated
either on the SHI irradiation with different ion fluence
[37–39] or on the size disorder through the use of different
ionic sized divalent ions doped at Y-site in the YMnO3 thin
films [40]. Rathod et al [41] have investigated various RS
parameters using various theories and experimental results
of chemical characterizations of 100 nm Y0.95Sr0.05MnO3/Si
film at different temperatures. They have estimated various
transport and charge conduction parameters and attempted
to correlate all these obtained parameters with the RS
behaviours across the manganite–silicon interface studied
[41]. By considering this study, we have found that the
temperature effect is more prominent over the RS behaviours and related mechanisms, which can be more useful to
prepare manganite-based thin film devices for their practical
applications in the spintronic field. In this context, in this
study, 5% trivalent Yttrium (Y3?) ions are substituted by
divalent Ca2? ions in YMnO3 to enhance the free charge
carrier density in p-type channel and the n-type (100) single-crystalline Si as a substrate. Temperature has been
varied from 100 to 300 K as a perturbing parameter to
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modify the RS behaviour effectively in YCMO/Si thin film
device.

2.

Experimental

Polycrystalline PLD target of YCMO manganite was first
synthesized by conventional ceramic route [42,43] and
characterized for its structural quality by performing X-ray
diffraction (XRD) measurement at room temperature using
Cu Ka radiation [44], followed by the analysis of XRD pattern by performing the Rietveld refinements. The Rietveld
refinements show a single-phase nature of the target of
YCMO manganite. The thin film of 300 nm thickness was
fabricated using PLD technique by ablating YCMO target on
the (100) single-crystalline Si substrate. Total deposition time
was kept for 36 min to achieve the desired film thickness of
*300 nm. KrF (248 nm) excimer laser with fluence of 1.8 J
cm–2 was employed to ablate the target and deposit the film.
Laser pulse repetition time was fixed at 10 Hz with the oxygen
partial pressure in the chamber *1 9 10–5 Torr, while the
substrate temperature was kept constant at 700°C. The distance between the substrate and target was fixed at 55 mm.
YCMO/Si thin film device was further characterized by h–2h
XRD measurement at room temperature using Cu Ka radiation. For the transport measurements, *1 9 1 mm2 silver
pads (point contacts) were prepared on the surface of YCMO
manganite layer as well as Si substrate. Current perpendicular
to plane (CPP) transport measurement geometry was used to
measure its electrical transport characteristics, i.e., hysteretic
I–V characteristics, at different temperatures (range between
100 and 300 K) across the YCMO/Si junctions by sweeping
voltage from 0 to ?6 V to 0 to –6 V to 0 back with current
record at every 0.5 V by employing the two-probe point
contact method using Keithley make 6517B Electrometer.

3.

Results and discussion

Figure 1 shows the XRD pattern that depicts a single-phase
nature of the device without any detectable impurity. The
300 nm thick layer of YCMO manganite has been found to

Figure 1. XRD pattern of YCMO/Si device and an enlarged
view of XRD peak at *68°.
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grow in a parallel crystallographic direction of (100) with Si
substrate. Small separation between YCMO manganite
reflection and substrate reflection in XRD spectrum signifies
an existence of lattice strain at the YCMO/Si interface.
Lattice strain was calculated using the equation: d (%) =
[(asubstrate – afilm)/asubstrate] 9 100 [45,46], where asubstrate
and afilm are the lattice parameters of substrate and film,
respectively. This YCMO/Si device possesses approximately –1.01% of compressive strain (negative d [45,46]) at
the interface between YCMO and Si. Rathod et al [39] have
reported the value of lattice strain approximately ?0.23%,
which is tensile in nature (with positive d [45,46]). There
exists a change in the nature of the strain from tensile (in the
reported cases of Y0.95Sr0.05MnO3 manganite-based films/
interfaces [37–41]) to compressive for the present case of
YCMO-based film/interface, since strain state of the manganite films strongly depends on substrate used, stoichiometry (i.e., structure of the manganite) studied, film
preparation process employed, synthesis parameters
employed, film thickness grown, etc.
Si single-crystalline substrate was cleaned (prior to PLD)
through sonication process using ultrasonicator in acetone
medium that cleans the surface of the substrate. However, it
cannot remove the oxide layer from the surface of Si substrate, which gets generated always naturally through the
oxidation of Si (upper layers of the substrate) from the
environment. As a result, SiOx layer is created on the surface of the Si substrate having thickness of *2 nm. For
investigating the RS behaviours and for achieving improved
RS nature of any manganite device, this SiOx thin layer
provides additional disorder at the interface (between
manganite tin films and Si substrate) that improves the RS
nature of the manganite device understudy. By considering
this aspect, in the present experiment, SiOx layer has been
kept to exist without any effort to remove the same. Mostly,
when manganite-based devices are being grown on any
oxide substrate (such as SrNbTiO3), RS behaviours of the
devices are mainly controlled through the structural or lattice strain between the film and substrate [37,38,40]. When
manganite is being grown on Si (non-oxide) substrate,
naturally created SiOx layer supports the strain region
through its additional disorder nature, thereby RS behaviours are not only governed by the strain state between the
film and substrate but also controlled by naturally created
SiOx thin layer at the disordered manganite/Si interface.
Figure 2 depicts the hysteretic I–V characteristic recorded
at 300 K across YCMO/Si interface. During the cycle 1,
with increase in applied voltage, the current increases
nonlinearly throughout the voltage range studied. On
decreasing forward voltage (cycle 2), initially from 6 to
*3.5 V, no considerable change (in current values between
cycle 1 and cycle 2) has been observed while below
*3.5 V, a clear hysteresis in the current value has been
observed. During cycle 2, the current gets suppressed
indicating low resistance state (LRS) (cycle 1) to high
resistance state (HRS) (cycle 2) transition. In reverse bias
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Figure 2. Hysteretic I–V characteristic recorded at 300 K across
YCMO/Si device.

mode, during cycle 3, LRS has been observed while it gets
converted to HRS in cycle 4 at applied voltage\–4 V. This
device exhibits counter eight-wise RS behaviour across the
interface. Prior to discuss in detail the possible mechanisms
for the observed RS behaviour, it is necessary to clear three
important aspects, namely, (i) Ag is a non-reactive metal
and, hence, no easy contribution can be expected from
contact–manganite interface towards RS behaviour. Few
reports are available on the remarkable RS behaviour across
metal electrode and oxide thin film either via naturally
created metal electrode oxide layer at electrode–manganite
interface or via formation of filamentary paths across the
manganite lattice [26,47]. In this context, one can expect the
possible formation of Ag2O oxide layer due to its negative
Gibb’s free energy, which is much higher approximately
–0.022 mJ mol–1 at room temperature (*300 K) [48], (ii)
SiOx (x*2 or less) layer with the thickness *2 nm gets
formed at the interface between YCMO thin film and Si
substrate [49] (figure 2 depicts an existence of SiOx thin
layer between YCMO and Si). Rathod et al [39] have
estimated exact stoichiometry of SiOx layer with the value
of x *1.8776(5) [39] using the simulation over the resonance mode Rutherford backscattering spectroscopy data.
The same simulation has been used to identify the
approximate thickness of the SiOx layer between the film
and substrate and it is found to be *1.8 nm [39] and (iii)
the YCMO film was grown with the thickness *300 nm on
Si substrate without removing oxide layer from its surface.
Prior to growth of YCMO 300 nm thick film, Si substrates
were annealed in PLD chamber at 700°C under oxygen
environment, which results in a marginal enhancement in
the thickness of SiOx layer between YCMO film and Si
substrate and the formation of SiO2. Electroforming processes involve: (1) either conducting filaments are created
across the manganite lattice between the two, top (Ag) and
bottom (Si), electrodes due to the drift or migration of
metal, (2) drift or movement of oxygen vacancies under
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electric field and (3) redox of SiOx layer between YCMO
thick film and Si substrate.
The following possible mechanisms are responsible for
the observed RS behaviour observed in figure 2:
(a) Oxygen vacancies are always present in the YCMO
manganites. These pre-existing oxygen vacancies are
developed during the thin film growth process. When forward voltage is applied across the YCMO/Si interface, the
positively charged oxygen vacancies move towards the
YCMO bulk region from metal electrode–YCMO film
interface [40]. Enhancement in oxygen vacancies in the
thick YCMO film region supports the zener double
exchange mechanism across the Mn–O–Mn lattice by
converting Mn3? to Mn2? ion valence (due to the presence
of oxygen vacancies) [37,38,40,50]. This, in turn, results in
the LRS while increasing the applied forward voltage (cycle
1). During cycle 2, i.e., upon decrease in positive (forward)
applied voltage, all these oxygen vacancies move back from
YCMO bulk region towards metal electrode–YCMO film
interface. While reaching to lower applied positive (forward) voltage (during cycle 2; from ?6 V to 0), movements
of oxygen vacancies become deprived that results in a slight
reduction in the current across the film understudy. As a
result, one can understand it as HRS during cycle 2 as
compared to LRS during cycle 1 (see figure 2).
(b) Second possibility can be thought about the creation
of conducting filamentary paths across the YCMO manganite channel (thick film) due to the drift or migration of
top metal electrode upon an application of positive voltage
to top electrode. This migration reduces the resistance of the
channel and, hence, LRS can be produced during cycle 1.
During cycle 2, rupture of already created filaments takes
place due to the reduction in applied forward voltage. This,
in turn, results in the LRS to HRS transformation from cycle
1 to cycle 2.
(c) One would expect the redox (oxidation and reduction)
processes of metal electrode oxide layer. In this case, naturally formed metal electrode oxide layer gains more
electrons (reduction process) while increasing positive
voltage (cycle 1) to the top metal electrode (i.e., forward
bias mode). As a result, metal electrode oxide layer
becomes less resistive and, hence, device shows LRS during
cycle 1. On decreasing the forward applied voltage across
the interface (cycle 2), electrons get released back from the
naturally formed metal oxide layer (oxidation process),
resulting in the reduction in conduction of the device, i.e.,
HRS during cycle 2.
(d) Another possibility is the redox processes of naturally
occurring SiOx layer exists between YCMO thin film and Si
substrate. During cycle 1, positive voltage is applied to
YCMO layer (and negative to Si substrate through SiOx thin
layer), which attracts the negatively charged oxygen ions
towards metal electrode–YCMO manganite interface from
SiOx layer. This results in the reduction in thickness of SiOx
layer at YCMO/Si interface and, hence, forming the SiOx–d
stoichiometry at the junction. It is well known fact that
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reduction in oxygen content in silicon oxide layer enhances
the conductivity and suppresses the resistance of the device,
i.e., LRS can be achieved during cycle 1. For cycle 2, one
can think the reverse process, i.e., oxygen ions move back
towards the intermediate SiOx layer (i.e., transformation
from SiOx–d to SiOx) and, hence, conductivity gets suppressed during this process. This results in the HRS of the
device during cycle 2. Importantly, while oxygen ions are
moving back towards intermediate silicon oxide layer, some
of them get trapped by the oxygen vacancies in YCMO
thick layer, resulting in the hysteretic I–V characteristics.
This is only possible at low forward applied voltages where
oxygen ions do not possess sufficient energy. As a consequence, a large OFF/ON ratio can be observed only at lower
applied voltage.
For all the aforementioned processes, the reverse mechanisms can be considered for reverse bias mode (i.e., cycle
3 and cycle 4) and LRS to HRS transformation can be
understood. It is also necessary to highlight that in the
presently studied RS of YCMO/Si device, all the four
above-mentioned mechanisms contribute with different
proportions. Although it is expected that mechanisms
(b) and (c) are less effective since Ag is non-reactive and,
hence, possibility of drift of metal electrode in the manganite lattice is negligible and possibility of the formation
of Ag2O oxide layer is also weak due to its higher Gibb’s
free energy. A schematic of the proposed possible layers of
SiOx between YCMO and Si is shown in figure 2. Out of the
other two mechanisms (namely, (a) and (d)), mechanism
(a) remains most effective since manganites are disordered
systems in nature and, specifically, this disorder is created
through the oxygen disorder and oxygen vacancies in the
lattice. Solanki et al [45,46] have reported that with increase
in film thickness (from reported La0.7Pb0.3MnO3 manganite
films with 150 nm thickness to 350 nm thickness), threedimensional disorder in the manganite lattice gets enhanced
effectively. In addition, recently reported work on similar
5% divalent doped YMnO3 manganite thin film devices has
also discussed a key role of oxygen vacancies in governing
the resistance state of manganite films as well as in
controlling the RS nature of the devices [37–41,44].
Rathod et al [39,41] have performed different spectroscopic
measurements to identify the manganese valence states
present in the system and oxygen vacancy contents in
Y0.95Sr0.05MnO3 manganite films (having 100 nm thickness) grown on Si single crystalline substrates using PLD
method. They have confirmed that oxygen vacancies are
present in the system as well as presence of naturally grown
SiOx layer also plays an important role in controlling the RS
behaviours of different 100 nm thick Y0.95Sr0.05MnO3/Si
manganite-based thin film devices [39,41]. Since presently
studied YCMO/Si film was also grown with these reported
films with different thicknesses and dopant ions [37–41,44],
one can expect that presently studied YCMO film also
possesses randomly distributed oxygen vacancies and SiOx
layer, naturally grown between YCMO manganite film and

Bull. Mater. Sci.

(2021) 44:71

Si substrate. Both these factors, thereby, control efficiently
the RS behaviours at different temperatures across YCMO
manganite film and Si substrate. Also, one can expect
(i) valence balance formula based 3? valence state of Mn in
YCMO manganite, (ii) doping of divalent ion (Ca) at
trivalent ionic (Y) site in YMnO3 manganite based 4?
valence state of Mn in YCMO manganite and (iii) oxygen
vacancies based 2? valence state of Mn in YCMO manganite [37,38,40,50]. This indicates multi-valence states of
manganese ions possible in YCMO manganite.
Figure 3 shows the hysteretic I–V characteristics recorded
at (a) 250 and 200 K and (b) 150 and 100 K across YCMO/
Si interface. Similar to 300 K (figure 2), YCMO/Si device
exhibits the same counter eight-wise RS behaviour at all the
four temperatures studied. It is clearly seen that current
decreases with decrease in temperature from 300 to 100 K,
suggesting that the device possesses semiconducting nature
throughout the temperature range studied (i.e., 100 to
300 K). Similar observation of semiconducting nature of the
films has been made by Gal et al [40] and Rathod et al [41]
for their studied systems, namely, Y0.95Sr0.05MnO3/
SrNbTiO3 device and Y0.95Sr0.05MnO3/Si device, respectively. Variation in current with applied voltage and two

Figure 3. Hysteretic I–V characteristics of YCMO/Si device at
(a) 250 and 200 K and (b) 150 and 100 K.
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RS, i.e., LRS and HRS, and their transformations at all other
four studied temperatures (i.e., 100, 150, 200 and 250 K)
can be understood on the basis of similar aforementioned
mechanisms (a), (b), (c) and (d). Effect of temperatures on
all these mechanisms can reflect in the modifications in the
temperature-dependent I–V hysteretic behaviours of the
device. It is worth to notice that forward bias mode at every
employed temperature shows negligibly small hysteresis
between cycle 1 and cycle 2, while for cycle 3 and cycle 4
(reverse bias mode), comparatively larger hysteresis can be
observed. This can be due to the presence of large junction
interface between p-type YCMO film and n-type Si substrate (similar to conventional p–n junctions) during reverse
bias mode, which provides better trapping possibility and,
hence, an effective hysteresis between cycle 3 and cycle 4.
In addition, during forward bias mode, there is no remarkable change in the OFF/ON ratio or width of the hysteresis
I–V curves (i.e., cycle 1 and cycle 2) with temperature.
During reverse bias mode, hysteresis becomes more
prominent upon reducing the temperature from 300 to
100 K. This can be understood as: movement of oxygen
vacancies [mechanism (a)], migration of top electrode
across the YCMO lattice [mechanism (b)], redox processes
of metal electrode oxide layer created naturally between
YCMO film and top metal electrode [mechanism (c)] and
redox processes of SiOx thin layer become more difficult at
low temperatures during cycle 3 (i.e., LRS) due to high
resistive (semiconducting) nature of YCMO/Si device
[mechanism (d)]. Upon reversing the applied negative
voltage (cycle 4), all the movements get freezed due to low
temperature effect that results in an significant enhancement
in hysteretic width between cycle 3 and cycle 4 at all the
temperatures. However, possibility of mechanisms (b) and
(c) is negligibly small at all studied temperatures in the
present study on RS behaviours across YCMO/Si interface
(as discussed above), one cannot completely ignore these
processes which are mainly based on an important role of
Ag contacts. Ag contacts basically provide the conducting
bridge random access memory (CBRAM) (as a contribution
to total RRAM) along with the oxide-based RRAM contribution [51]. At all studied temperatures, one can observe
an asymmetric nature of recorded I–V curves across
YCMO/Si interface, which can be ascribed to the disordered
nature of the manganite (i.e., YCMO) understudy, high
resistive nature of YCMO manganite, strong interface
between YCMO film and Si substrate and phase separation scenario, i.e., presence of coexisting strong insulating
phase in YCMO as well as weak metallic phase (due to
aliovalent manganese ions) [52]. In addition, temperature
also plays an important role in modifying the asymmetric
nature of recorded I–V curves, as shown in figures 2 and
3, since temperature is one of the effective tools that
directly affects the disorder of manganites, resistive nature of manganites, interface between the manganite and
substrate and phase separation scenario in manganites
[53–55].
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One remarkable observation is the YCMO/Si device
exhibits a large current during reverse bias mode as compared to forward direction. This indicates the backward
diode character of YCMO/Si interface. Similar backward
diode character has recently been reported for manganitebased heterostructure [17]. Gadani et al [17] have observed
that backward diode character of the manganite–manganite
interface strongly depends on the temperature (at which I–V
was recorded in [17]) and applied voltage. This YCMO/Si
interface also shows a strong influence of temperature on
the backward diode character (figures 2 and 3). With
decrease in temperature, the backward diode character
becomes weak and at low temperatures (150 and 100 K), no
backward diode behaviour has been observed, i.e., device
exhibits normal diode character. Temperature-induced
transition from backward diode character (at high temperatures) to normal diode character (at low temperatures) can
be observed in figure 4. As shown in figure 4, ratio of
current values at ±6 V (i.e., I?6 V/I–6 V) varies effectively
with increase in temperature, wherein high temperature
region represents backward diode region and low temperature region represents normal diode region. Gadani et al
[17] have reported a reverse observation about the backward diode character. They have observed a prominent
backward diode character at low temperatures, while
backward diode character becomes weak at high temperatures. This can be ascribed to the electronic nature of
manganite employed in the device. Present case deals with
semiconducting nature of YCMO manganite, while ref. [17]
deals with metallic La0.7Ca0.3MnO3 manganite. Generally,
total current measured across the YCMO/Si interface is the
sum of the three different contributions: (i) tunnelling current (depends on the thickness of the interface region), (ii)
thermal current (depends on the height of the interface
barrier) and (iii) leakage current (depends on the imperfection at the interface region) across the interface during
reverse bias mode. (i) In the presently studied YCMO/Si

Figure 4. Temperature dependent ratio of forward to reverse
current of YCMO/Si device at 6 V.

Bull. Mater. Sci.

(2021) 44:71

device, high resistive SiOx layer has been built up naturally
between the YCMO film and Si substrate that provides
tunnel barrier between YCMO and Si. Since SiOx thin layer
has been created through the redox (oxidation) processes of
the surface of Si substrate, its thickness is directly affected
by the temperature. At higher temperatures, redox (oxidation) processes are expected to be larger resulting in the
larger thickness of the SiOx region. As a consequence,
strong tunnelling (between YCMO and Si) can be expected
at higher temperatures and, hence, backward diode character becomes stronger at higher temperatures (from 200 to
300 K). At lower temperatures (150 and 100 K), redox
(oxidation) processes are expected to be less and, hence, no
remarkable contribution to backward diode character at
these temperatures. (ii) Second, thermal current is naturally
expected to be higher at higher temperatures resulting in the
large current contribution from thermal current to the total
current. Interestingly, at lower temperatures (150 and 100 K),
no sufficient thermal current contributing to the total
current during reverse bias mode gives rise to normal diode
behaviour at these temperatures. (iii) Third, no leakage
current can be observed from figure 2 or figure 3 at any
studied temperature, suggesting that leakage current contribution to the backward diode character is negligibly
small. In wrapping up the observation of backward diode
behaviour at high temperatures, transformation from backward diode to normal diode behaviour with decrease in
temperature and normal diode character at low temperatures
exhibited by studied YCMO/Si interface can be understood
on the basis of process (i) related to tunnelling effect by
high resistive thin SiOx layer and process (ii) related to
thermal current provided by the free charge carriers across
the interface between YCMO manganite and Si substrate.
As shown in figure 4, ratio I?6 V/I–6 V initially decreases
with increase in temperature followed by enhancement in
the same when temperature reaches to 300 K. The value of
ratio of currents becomes slightly smaller at 300 K than
250 K. This nonmonotonic variation in this ratio of current
values can be understood on the basis of a complex interplay between tunnelling process and thermal current created
across the interface of YCMO and Si.
It is worth to compare the fundamental conduction
capability of the interface studied in the present case of
YCMO/Si and recently reported various similar interfaces
all grown using PLD method. As reported by Rathod et al
[41], 100 nm Y0.95Sr0.05MnO3/Si film exhibits larger current
across its interface at 100, 200 and 300 K during forward
bias mode as compared to present case of 300 nm YCMO/
Si. This can be ascribed to the simultaneous effect of
(i) dopant used, i.e., Sr reported previously (that provides
better transport/charge conduction compared to Ca [40])
and Ca in present case, that directly affects the transport and
conduction across the interface [40], (ii) larger film thickness (300 nm) of presently studied YCMO manganite layer
consists of larger three-dimensional structural disorder as
compared to reported Y0.95Sr0.05MnO3 manganite layer of
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Figure 5. Plots of log I vs. log V for cycle 1 of I–V characteristics for YCMO/Si device at (a) 300 and 250 K,
(b) 200 K, (c) 150 K and (d) 100 K.

100 nm that suppresses the conduction across the film lattice [45] and (iii) larger strain value *1.01% (compressive
in nature) for YCMO/Si interface suppresses the forward
current across its interface, whereas comparatively lower
strain value *0.23% (tensile in nature) provides more
conduction across reported Y0.95Sr0.05MnO3/Si interface
[41]. In addition, present case of YCMO/Si exhibits backward diode characteristics across the interface, whereas
reported Y0.95Sr0.05MnO3/Si interface shows normal diode
characteristics. This can be understood as: strain effect is
larger (in value) *1.01% (compressive in nature) for present case of YCMO/Si interface than the reported strain
value in Y0.95Sr0.05MnO3/Si film having tensile strain
*0.23%. This suggests that the stronger barrier between the
YCMO manganite film layer and Si substrate, thereby
enhances the possibility of tunnelling current across the
interface under higher applied reverse biased voltage (figures 2 and 3), i.e. backward diode character. This is not the
case for reported Y0.95Sr0.05MnO3/Si interface [41]. As
reported by Gal et al [40], Y0.95Ca0.05MnO3/SrNbTiO3 thin
film device exhibits larger current across its interface as
compared to presently studied YCMO/Si interface. This can
be ascribed to the presence of high resistive insulating SiOx
thin layer (with the thickness *2 nm [39]) that controls the
movement of charge carriers across the interface between
YCMO film and Si substrate, thereby show lower current
across the presently studied interface.

In order to understand possible charge conduction
mechanisms responsible for observed I–V characteristics in
all the four cycles performed at different temperatures
across YCMO/Si device, various models and mechanisms
have been tried to fit theoretically the obtained I–V data
(shown in figures 2 and 3). Models, namely, Fowler–Nodheim (F–N) tunnelling mechanism, thermionic emission (T–
E) model, Poole–Frankel (P–F) emission mechanism and
space charge-limited conduction (SCLC) mechanism have
been employed for the case of cycle 1 and cycle 2 [3,7,35].
It was found that no model, other than SCLC mechanism,
can be fitted properly to the obtained I–V curves at different
temperatures. Dhruv et al [35] have reported the validity of
all these above models for the same YCMO/Si junction
grown using chemical method. They observed the same that
only SCLC model can be fitted suitably to the I–V data
throughout the voltage range studied at every temperature
employed. Figures 5 and 6 show the log I vs. log V plots for
cycle 1 and cycle 2, respectively, of obtained I–V curves
recorded at (a) 300 and 250 K, (b) 200 K, (c) 150 K and
(d) 100 K for presently studied YCMO/Si device. Straight
line fits for different voltage segments with their obtained
values of slope for each segment at every temperature are
also shown in figures 5 (for cycle 1) and 6 (for cycle 2). It
can be observed that variation in the values of slope is
completely irregular with voltage segment and temperature,
which can be strongly ascribed to the fact that RS behaviour
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Figure 6. Plots of log I vs. log V for cycle 2 of I–V characteristics of YCMO/Si device at (a) 300 and 250 K,
(b) 200 K, (c) 150 K and (d) 100 K.

and charge transport across presently studied interface of
YCMO/Si device is effectively governed by complicated
interplay between the four multiple mechanisms (a), (b),
(c) and (d) with different proportions. By considering the
range of the values of slope for every segment, one can
notice that mechanisms remain between ohmic conduction
(slope *1), SCLC mechanism (slope *2) and trap-filled
limited conduction (TFLC) mechanism (slope [2). It is
interesting to highlight that for almost all voltage segments
and temperatures, values of slope are higher for cycle 2 as
compared to cycle 1, suggesting the HRS to LRS transformation while reversing the voltage in forward bias mode.
To identify an exact charge conduction mechanisms
governing the observed I–V characteristics during cycle 3
and cycle 4 recorded at different temperatures, aforementioned different theoretical models and mechanisms were
employed to fit theoretically the experimental data. It has
been found that T–E mechanism shows best fit to the
observed I–V curves measured at 300, 250 and 200 K for,
both, cycle 3 and cycle 4, throughout the voltage range
studied. This model does not fit well to the observed I–V
curves collected at low temperatures (i.e., 150 and 100 K),
which may be due to the high resistive nature of the device
where charge carriers do not possess sufficient high energy
and, hence, cannot overcome the barrier between the p-type
thin layer and n-type substrate. Figure 7 shows the T–E
model fitted I–V curves collected at 250 and 200 K for

(a) cycle 3 and (b) cycle 4 for presently studied YCMO/Si
device. Insets show the T–E model fitted reverse biased I–V
curve collected at 300 K during (a) cycle 3 and (b) cycle 4
for YCMO/Si device. It is clearly seen that T–E model is
followed by both the cycles at higher temperatures (300,
250 and 200 K). T–E model can be explained by the formula: I = AT2 exp(–[{UB – q(qV/4ped)1/2}/KT]), where UB
is the barrier height and e the dielectric permittivity [3,7].
From the fits, shown in figure 7, estimated values of barrier
height are found to be *2.51 eV (300 K), *2.61 eV
(250 K) and *3.57 eV (200 K) for cycle 3 and *2.56 eV
(300 K), *3.17 eV (250 K) and *6.89 eV (200 K) for
cycle 4, respectively. The barrier height obtained for the
present case is much higher than reported values for manganite-based p–n junctions [3,7,56]. This can be ascribed to
the presence of high resistive SiOx thin layer between
YCMO film and Si substrate. It is also clear from the values
of barrier height that for both the cycles, with decrease in
temperature, barrier height gets enhanced which can be due
to the fact that with decrease in temperature, energy possessed by the charge carriers gets reduced and, hence, to
overcome barrier between the film and substrate, charge
carriers require more energy (i.e., barrier height) at low
temperatures for both the cycles. Remarkably, values of
barrier height, at respective temperatures, are lower in cycle
3 as compared to cycle 4, which can be correlated with the
LRS during cycle 3 and HRS during cycle 4 in the present
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Figure 7. Thermionic emission model fitted reverse biased I–V
curves of YCMO/Si device collected at 250 and 200 K: (a) cycle 3
and (b) cycle 4. Inset shows the fitting for 300 K during (a) cycle 3
and (b) cycle 4.

Figure 8. Plots of I vs. V2 with linear fits for reverse biased I–V
data recorded at 150 and 100 K during (a) cycle 3 and (b) cycle 4
for YCMO/Si device.

case of YCMO/Si device. Hirpara et al [38] have also
identified the same T–E model, appropriate for all I–V
cycles in RS behaviour for all pristine and irradiated
Y0.95Sr0.05MnO3/SrNbTiO3 films. Obtained values of UB
are much lower than that of present case of YCMO/Si
interface. This can be due to improved charge conduction
(i.e., comparatively larger current reported across the
junction of Y0.95Sr0.05MnO3/SrNbTiO3 films) in reported
Sr-based Y0.95Sr0.05MnO3 manganite as compared to present case of YCMO/Si interface. Similar model has also
been employed to understand the RS behaviour across
Y0.95A0.05MnO3/SrNbTiO3 films (where A = Ca and Sr)
grown using the same PLD method with the same film
thickness of 300 nm [40]. Gal et al [40] have reported
therein slightly lower values of UB across their junctions as
compared to presently observed values of UB across the
interface of YCMO/Si. This may be ascribed to the similarity between the structures of studied manganites (i.e.,
ABO3-type perovskite) and used SrNbTiO3 substrate that
possibly reduces the barrier height. In addition, there also
exists an interesting role of high resistive insulating SiOx
thin layer between the manganite film and Si substrate in the

present case of YCMO/Si that enhances the barrier height
(UB) as compared to reported manganite/SrNbTiO3 films by
Hirpara et al [38] and Gal et al [40].
To understand the possible charge conduction mechanism
responsible for the charge transport behaviour across
YCMO/Si interface during cycle 3 and cycle 4 recorded at
temperature 150 and 100 K, in figure 8, plots of I vs. V2 with
linear fits are shown in figure 8 for presently studied
YCMO/Si device. Since the T–E model could not properly
fit to cycle 3 and cycle 4 at 150 and 100 K, the linear fits in
figure 8 suggest that both the cycles follow SCLC model:
ISCLC = 9lere0hV2/8d3; I µ V2, where d is the film thickness
and h is the ratio of free electron density to trapped electron
density at the interface, which is proportional to the slope of
the I vs. V2 plot. It is clearly observed from figure 8 that
during both the cycles, the slope gets reduced with decrease
in temperature from 150 to 100 K, which can be ascribed to
the thermally generated free charge carrier density across
the YCMO/Si interface. In addition, at both the temperatures, i.e., 150 and 100 K, slope of the I vs. V2 plots gets
suppressed during cycle 4 as compared to cycle 3, which
will be understood as: charge carriers participating in cycle
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3 are trapped during cycle 4, resulting in an existence of
hysteresis between cycle 3 and cycle 4 in the reverse bias
mode at 150 and 100 K. As a consequence, the free charge
carriers participating in the charge conduction processes are
less during cycle 4 as compared to cycle 3, which can also
be correlated with the HRS during cycle 4 and LRS during
cycle 3 at 150 and 100 K for this YCMO/Si device.
From possible practical application point of view for any
manganites, few reports exist on their bolometric applications (including temperature sensor and magnetic field
sensor) of different perovskite manganites [7–9,57–61].
Estimation of temperature coefficient of resistance (TCR)
and field coefficient of resistance (FCR) represent the
temperature sensitivity and field sensitivity of manganites.
TCR studies or estimations have been made for almost all
forms of manganites, including device [7], thin film
[8,58,59], heterostructure [9], multilayer [57], nanostructure
[60], polycrystalline bulk [61], etc. This indicates that TCR
can be interesting to understand for presently studied high
resistive-doped mixed valent manganite-based thin film
device, as this parameter or estimation can provide important features of the studied YCMO/Si thin film device for its
possible practical applications in sensor technology and
bolometric technology. From recorded I–V characteristics at
different temperatures, TCR has been estimated by using
the formula: TCR (%/K) = (1/R) 9 (dR/dT) 9 100, where
R is the resistance of the YCMO/Si interface at different
studied temperatures. By considering this formula, in figure 9, temperature-dependent TCR is shown under different
applied forward voltages. In this estimation, only single
cycle 1 has been considered since other cycles are the
modified transport nature of the studied thin film device. At
all temperatures and under all applied forward voltages,
YCMO/Si thin film device exhibits negative value of TCR.
One can observe that, up to 200 K, there is no remarkable
difference between the TCR values and can be realized for

Figure 9. Temperature-dependent temperature coefficient of
resistance (TCR) under different applied forward voltages for
YCMO/Si device.
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different applied forward voltages. This can be due to lower
thermal energy available with the charge carriers that may
not be sufficient to experience any change in temperature.
At 250 K (indicated by upward arrow), one can observe that
TCR value slightly decreases with increase in applied forward voltage from 1 to 6 V. This observation becomes
reverse at 300 K and YCMO/Si device exhibits a remarkable enhancement in TCR with increase in applied forward
voltage from 1 (–10.68 %/K) to 6 V (–20.14 %/K), i.e.,
TCR becomes double in value from 1 to 6 V applied forward voltage. Different variations in TCR at 250 K (i.e.,
decrease in TCR with applied forward voltage) and at 300 K
(i.e., increase in TCR with applied forward voltage) may be
understood on the basis of available electrical and thermal
energies to free charge carriers, complex phase separation
scenario in manganites, possible band structure of YCMO
manganites, role of SiOx in sensing the temperature change
under different applied forward voltages, oxygen vacancies
and their migrations (that also affect the movements of free
charge carriers and, hence, temperature sensitivity) within
the YCMO lattice, etc. However, this temperature dependent strong feature of the presently studied YCMO/Si thin
film device requires further in-depth analysis.

4.

Conclusion

In conclusion, a single phase YCMO/Si device was successfully fabricated by PLD technique and characterized by
temperature dependent RS behaviours across YCMO/Si
interface. Various possible charge conduction mechanisms
have been investigated. At all the temperatures, counter
eight-wise RS behaviours have been observed with LRS to
HRS transformation in, both, forward and reverse bias
modes. Four different mechanisms and processes, namely,
role of oxygen vacancies, creation of filamentary paths,
creation of top electrode metal oxide layer and its redox
processes and naturally created SiOx layer between YCMO
film and Si substrate and its strong redox process, have been
proposed as possible sources of RS behaviours at different
temperatures across YCMO/Si interface. At higher temperatures, YCMO/Si device exhibits backward diode-like
characteristics which has been ascribed to strong contributions from tunnel process (current) and thermal process
(current). Temperature dependent backward to normal
diode characteristic transformation has been observed in
case of YCMO/Si device. During cycle 1 and cycle 2,
ohmic behaviour, SCLC mechanism and TFLC process
have been appropriately used to understand the charge
conduction across the YCMO/Si interface at all the temperatures studied during forward bias mode. During reverse
bias mode, i.e., cycle 3 and cycle 4, at higher temperatures
([150 K), T–E model has successfully been fitted to an
obtained I–V curves and variation in barrier height with
temperature and cycle performed has been discussed in the
context of interface modification and thermal effect. At
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lower temperatures (i.e., 150 and 100 K), SCLC model has
been found as an effective source for charge conduction
across the YCMO/Si interface. Variations in free to trapped
charge carrier density across the interface with temperature
and cycle number have been correlated with the LRS and
HRS of the presently studied YCMO/Si device. Temperature-dependent variation in TCR under different applied
forward voltages shows a complex feature of TCR that
needs to be understood in-depth; however, large TCR has
been observed at 300 K which makes this YCMO/Si thin
film device a potential candidate for practical applications.
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