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Abstract
YMnO3 thin film, doped with Ca at Y–site, was grown on n–type single crystalline Si substrate using pulsed laser deposition
(PLD) technique. The structural measurement using X–ray diffraction (XRD) shows single phasic hexagonal unit cell structure.
From d–spacing, calculated lattice strain is observed to be compressive in nature. Atomic force microscopy (AFM) was
employed to study morphology of the film surface. The current–voltage characteristic exhibits a strong dependence on
temperature. Space charge limited conduction (SCLC) mechanism has been best fitted to I–V results owing to the important role
of trap centers. An efficient normal to backward diode behavior transition has been observed with increase in temperature.
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1. Introduction
Most intense research is going on for manganites in recent years owing to the discovery of colossal
magnetoresistance (CMR). CMR manganites exhibit interrelated structural and physical properties which allow
them to be used as magnetic memory storage and read–write devices. Strong correlation between transport, magnetic
and magnetotransport properties is one of the most elementary properties of manganites [1–3]. Intervened role of
oxygen between Mn3+ and Mn4+ produces Zener double exchange (ZDE) which in turn results into the transition
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from insulating to metallic and paramagnetic to ferromagnetic manganite [4]. Ordering of Mn spins suppresses the
scattering of charge carriers causing decrease in resistivity transition temperatures [5].
YMnO3 (YMO) based manganites with ABO3 type perovskite structure have been extensively studied in recent
years [6,7]. YMO displays, both, hexagonal and orthorhombic phases depending on heat treatment provided to the
material [8]. YMO shows ferroelectricity arising from its geometry and static–electric effect [9]. Hexagonal YMO
materials are ideal to be used as non–volatile for memory devices because of having stable intrinsic charged domain
walls [10].
Epitaxial strain introduced by the growth of ABO3 type perovskite on single crystalline substrate induces
variations in bond length and angles resulting into the change in its properties. Hole doped perovskites are known to
possess strain effects [11]. Recently, Dhruv et al [6,7] have reported compressive strain, induced in hole doped
YMO thin films. Basically, strain plays an important role in governing the charge transport in mixed valent
manganites [12–14]. Dhruv et al [6] have grown polycrystalline films of doped YMO manganites and finally
annealed them at two different temperatures. Both the films show a variation in lattice strain and hence a strong
effect on transport, device characteristics and electroresistance (ER) behavior. They have also investigated the role
of strain in governing the capacitive nature of the manganite–substrate interface [7].
By keeping in mind all above aspects, we have fabricated hole (Ca2+) doped YMO film on n–type single
crystalline Si substrate. In this communication, we have studied structural, morphology and transport properties of
Ca2+ doped YMO/Si films. Device characteristics of the presently studied film have been understood in terms of
space charge limited conduction (SCLC) mechanism and backward diode characteristics.
2. Experimental Details
Preparation of Ca–doped YMnO3 (Y0.95Ca0.05MnO3: YCMO) thin film was carried out by sophisticated pulsed
laser deposition (PLD) technique using KrF excimer laser. YCMO thin film with thickness ~ 300nm was deposited
on n–type Si substrate having (001) orientation. Parameters used for the fabrication of thin films are: laser energy =
1.8J/cm2, frequency = 10Hz, substrate temperature = 800oC, oxygen partial pressure = 10–5 Torr. Thin film was then
followed by the calcinations at 300oC and annealing at 700oC for 30 minutes and 24 hours, respectively. For
structural and microstructural studies, XRD and AFM measurements were carried out. In present case, two probe
method was used to performed transport mechanisms.
3. Results and Discussion
3.1. Structural Studies
Figure 1 (a) shows XRD pattern of YCMO/Si film reveals the high purity of the film with no additional peak
corresponding to the impurity or secondary phase, observed in the pattern. Peak indexing of YCMO shows
hexagonal unit cell structure. YCMO film, as shown in figure 1 (a), is grown in the parallel orientation with that of
the Si substrate. Though, the observed (111) peak at ~ 29o confirms that YCMO film is grown with polycrystalline
nature. Figure 1 (b) shows an enlarged view of separated (100) peak of YCMO and Si substrate which shows a clear
separation between the film and substrate peaks indicating a presence of lattice mismatch between them and
signifies an existence of structural strain between the polycrystalline hexagonal YCMO film lattice and single
crystalline Si substrate. The strain originated in structure at the interface can be quantified as:  (%) = [(dsubstrate –
dfilm) / dsubstrate] × 100. Positive value of  corresponds to tensile strain while negative value indicates the presence of
compressive strain. Calculated lattice strain is found to be ~ –1.53 which implies a presence of compressive strain
between the film and substrate lattices.
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Fig. 1. XRD pattern of (a) YCMO/Si thin film; (b) an enlarged view of (100) peaks.

3.2. Surface Morphology
In the inset figure 2, 2D AFM micrograph is shown which illustrates small crystalline grains. Surface roughness
histogram (figure 2) shows maximum 137nm height and average surface roughness is ~ 40nm of the film
understudy. Higher surface roughness of proposed YCMO/Si thin film can be correlated with the island like grain
growth observed in the 2D micrograph of AFM (inset of figure 2). We have also checked the surface roughness of
bare Si substrate (purchased from the Crystal GmbH, Germany), prior to perform the PLD experiment for
fabrication of film, and it is found that the substrate surface possesses roughness < 0.5nm which is much smaller
than that of the YCMO film.

Fig. 2. AFM surface roughness histogram with 2D AFM micrograph.
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3.3. Transport Properties
Current–voltage characteristics, recorded at various temperatures ranging from 100 to 300K with sweeping of
voltages from (–5V) to (+5V), are shown in figure 3. Inset of figure 3 shows a schematic diagram of YCMO/Si
device in which YCMO film acts as p–type where as substrate Si as n–type. Current perpendicular to the plane
(CPP) mode was used to perform current–voltage measurements. Silver paste was used as electrodes to provide
ohmic contact, since there is a fair similarity between the work functions of Ag (~ 4.7eV [15]) and presently studied
YCMO (~ 4.63±x; where x is the comparatively small number) (based on the reported value of pure hexagonal
YMnO3 compound ~ 4.63eV [16]). Current is in the range of nA for all the temperatures which shows large
resistance of the thin film understudy. With application of voltage, current increases which indicate that charge
carriers get enough energy to cross the interfacial barrier formed between YCMO film and Si substrate. Sudden rise
of current is observed at saturation voltage (VS) which signifies small resistance above saturation voltage. Effective
charge carrier density increases with temperature [17] resulting in the improved conduction at higher temperatures
due to which saturation voltage also reduced with increase in temperature. In addition, at higher temperatures, the
current in forward direction is very small as compared to reverse while at lower temperatures, forward current is
larger as compared to reverse bias condition which implies backward diode like behavior at higher temperatures.

Fig. 3. Typical I–V characteristics measured at temperatures ranging from 100 to 300K; Inset: Schematic illustration of manganite based device
junction with CPP mode geometry.

As a function of voltage, square root current has been plotted and linearly fitted, as shown in figure 4. Fits in
figure 4 suggest a significant dominant role of injected carriers over thermally generated carriers. Straight line fitting
of the plot I1/2 vs. V signifies the presence of space charge limited conduction (SCLC) mechanism in YCMO/Si
film/interface. Space charge conduction is generally present when the trapping centres are available, due to which
role of trapping centres becomes important. In present case, Si has been used as a substrate which is well known to
have trap centres [18]. These trap centres in Si substrate may arise due to defects, impurities, dangling bonds, etc.
These centres trap the charge carriers and show reduced charge carriers flow but after particular voltage, called trap
free voltage, these trapped charge carriers become free to flow across the interface region. With increase in
temperature from 100 to 300K, the values of slope obtained from fittings (figure 4) increases which indicates that
the ratio between free to trapped charge carriers get increased. Large number of free charge carriers at higher
temperatures is due to the thermal process allowing higher conduction in the film.
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Fig. 4. Straight line fitted square root current as a function of voltage (I1/2–V) plots showing SCLC mechanism.

Temperatures ranging from 100 to 200K show normal diode like behavior while temperatures between 250 and
300K show backward diode like behavior. There are few reports available for the observation of backward diode
like behavior [19–21]. It is reported that Si based device demonstrates backward diode behavior [22]. Backward
diodes are generally used as a small signal linear detector.

Fig. 5. Normal to backward behavior with respect to temperature; Inset: |I|–|V| plots to confirm backward behavior in 250 and 300K temperatures.

To verify the presence of backward diode like characteristics observed in the I–V characteristics in figure 3, we
have plotted |I(5V)|/|I(–5V)| ratio at different temperatures in figure 5. At lower temperatures, well below 250K,
|I(5V)|/|I(–5V)| >1 which signifies the normal diode like behavior while at higher temperatures,  250K, the ratio is
found to be less than 1. This suggests that the presently studied YCMO/Si film shows normal diode like character
which gets transformed to backward diode character at higher temperatures. Inset of figure 5 shows the positive

Rathod et al. / Materials Today: Proceedings 5 (2018) 9804–9810

9809

voltage dependent |I| for, both, forward and reverse biasings. This suggests that, at higher temperatures ( 250K),
character transition from normal to backward is also influenced by an applied voltage. As shown in the inset of
figure 5, at lower applied voltages (for 250 & 300K), film exhibits normal diode behavior which gets transformed to
backward diode behavior. With increase in temperature from 250 to 300K, the transforming voltage (required to
transform the behavior from normal to backward) shifts towards higher value (from 3.7 to 4.1V). Presently observed
backward diode character change aspect of YCMO/Si film can be understood in terms of leakage current effect. If
the leakage current in reverse bias mode is found to be larger than the forward one, the device shows a backward
diode like characteristics [11]. Influence of temperature and applied transforming voltage suggests the modifications
in the leakage current due to temperature and electric field [11].
4. Conclusion
In summary, Ca doped YMnO3 thin film (~ 300nm thickness) on single crystalline (100) Si substrate was
successfully prepared using pulsed laser deposition (PLD) technique. Structural analysis revealed single phasic
hexagonal structure with negative lattice mismatch between YCMO film and Si substrate implying compressive
strain. Surface roughness show higher roughness of thin film understudy. Transport studies confirming temperature
dependent variation in current, resulted from effective charge carrier density change with voltage and temperature.
Si substrate assisted trap centre signifies space charge limited conduction. Transition from normal to backward
behavior is observed at higher temperatures and higher applied voltage which has been correlated with possibility of
large reverse biased leakage current across the YCMO/Si interface.
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