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INTRODUCTION 

Multiferroics are the important class of materials with 

various ferroic properties like ferromagnetism, 

ferroelectricity and ferro-elasticity in single phase which 

convey temenos interest in research. From discovery of 

perovskite structure especially rare earth manganites with 

AMnO3 (A= rare earth elements) have obtained extensive 

attention, as they possess interesting properties like 

magnetoresistance, Jahn-Teller distortion, Zener Double 

Exchange, multiferroic properties [1-7]. All these 

properties can be modified under different external 

conditions like Heat treatment, pressure, applied fields, 

irradiation effect, A-site/ B-site doping effect etc. [8-14] are 

induced modification in properties of manganite materials. 

Manganites can enhance the properties/efficiency of 

capacitors, transistors, FETs, sensors, memory storage 

devices etc. [15-19].  Manganites attribute the strong 

relations between spins, lattice, orbitals etc. like 

fundamental parameters which are responsible for various 

behaviors such as paramagnetic insulator, ferromagnetic 

insulator, antiferromagnetic insulator, paramagnetic 

metallic, ferromagnetic metallic [15,16]. To explore this 

kind of behavior, manganite have been studies in form of 

polycrystalline bulk materials, composites, thin films, core-

cells etc. [10,15]. 

  Comparison of polycrystalline bulk and thin films 

shows a large variation in microstructural as well as 

different physical properties. Properties of thin films 

depends on different conditions like choice of substrate, 

deposition techniques, deposition parameters etc. [17,18]. 

There are several deposition techniques to fabricate thin 

films such as Spin Coating, Deep Coating, Atomic Layer 

Deposition (ALD), RF & DC Sputtering, Chemical Vapor 

Deposition (CVD), Pulse Laser Deposition (PLD) etc.[18-

20]. Pulsed Laser Deposition (PLD) is most used thin film 

fabrication technique because as compared to other 

techniques used in research it provides less stoichiometric 

distortion. In PLD technique one can control several 

parameters like substrate temperature, oxygen pressure etc.  

A B S T R A C T  

We report the results of studies on the rectifying behaviour and tunnelling 

conduction in GdMnO3/ZnO/STO and GdMnO3/Al:ZnO/STO thin film 

heterostructures comprising of p-n junctions fabricated using the Pulsed Laser 

Deposition (PLD) technique. A structural study using grazing angle mode XRD 

depicts polycrystalline growth and confirms the phase purity. The AFM 

micrographs reveals the different grain growth and grain sizes of the prepared 

thin film heterostructures. Room temperature Raman spectra shows the presence 

of various vibrational modes in both the thin film heterostructures, the transport 

studies using I–V measurements at room temperature is explained using various 

models. The temperature dependent transport studies using I-V measurements 

at various temperatures reveal the rectifying behaviour and the difference in the 

I-V behaviour at various temperature can be understood on the basis of interface 

effect at the junction, which has been attributed to the presence of the various 

conduction phenomena through the junctions and the change in barrier height 

with the temperature for both presently studied thin film heterostructures. 

K E Y W O R D S  

Heterostructures, pulsed laser deposition, space charge limited conduction, 

thermionic emission, barrier height. 

 

1Department of Nanoscience and 
Advanced Materials, Saurashtra 

University, Rajkot, 360005 India 

2Department of Physics, Saurashtra 

University, Rajkot, Gujrat, 360005 India 

3P.G. Department of Applied and 

Interdisciplinary Sciences, Sardar Patel 
University, Vallabh Vidyanagar, Anand, 

Gujarat, 388120, India 

4Nathubhai V. Patel College of Pure and 
Applied Sciences, Charutar Vadya 

Mandal University, Vallabh Vidyanagar, 

Anand, Gujarat, 388120, India 

*Corresponding author 
E-mail: brkataria22@rediffmail.com 



 

 

Adv. Mater. Lett., | Issue (July-September) 2023, 23031730  [2 of 8] 

https://aml.iaamonline.org 

 There are several reports available for I-V properties  

of manganite thin films. Khacher et al. [21] have 

investigated the temperature dependent I-V behaviour of 

manganite based thin films, reported that positive 

magnetoresistance shows strong dependency on the 

temperature as well as magnetic field. Kataria et al. [14] 

have reported the temperature and magnetic field sensitive 

resistivity behaviour with SHI irradiation. Temperature 

plays important role in modification of physical properties 

of manganite-based structures. Ravalia et al. [13] 

investigate the variation in barrier height of manganite 

based thin films with temperature. Solanki et al. [22] 

reported the light dependency of I-V behaviour of 

LCMO/Si p-n junction and the thickness effect on charge 

conduction. Various responsible charge conduction 

mechanism for temperature dependent I-V behaviour have 

studied by Gadani et al. [23].  

 Among the all-manganite structures, GdMnO3 based 

structures are not far studied as compared to other 

manganites. There are few reports are available for single 

layer GdMnO3 thin films. Andreev et al. [24] have 

fabricated GdMnO3/NdGaO3 thin film to investigate the 

magnetic phase transition. Romaguera et al. [25] have 

studied the Raman and magnetic properties of GdMnO3 

thin film grown on Pt substrate. Negi et al. [26] reported the 

weal ferromagnetic phase at lower temperature in PLD 

grown GdMnO3/Si thin film. Hitherto no reports available 

for GdMnO3 based multilayers/heterostructures. 

 A noticeable amount of work has carrier out to study 

the I-V characteristic and resistive switching behavior of 

rhombohedral BiFeO3/ZnO based heterostructures [27-30], 

GdMnO3/Al:ZnO/SNTO heterostructure exhibits a good 

resistive switching behaviour [31], it will be very 

interesting to study the I-V behaviour and the effect of 

temperature on the electrical transport characteristics of the 

GdMnO3/ZnO (Al:ZnO) bilayers  fabricated on SrTiO3 

substrate.  

 In present communication, the results of the  

studies on temperature effect on transport behaviour  

have been reported for GdMnO3/Al:ZnO/SrTiO3 and 

GdMnO3/ZnO/SrTiO3 manganite-based bilayer thin  

film heterostructures. Herein, manganite-semiconductor 

structures were fabricated using Pulsed Laser Deposition 

(PLD) system. We investigated the structural, 

topographical, vibrational and transport properties of 

GdMnO3/Al:ZnO/SrTiO3 and GdMnO3/ZnO/SrTiO3 

bilayer thin films, especially focused on the transport 

behaviour of both films. To understand transport 

mechanism some theoretical models have been used. 

EXPERIMENTAL DETAILS 

Firstly, all the required targets (GdMnO3, ZnO and 2% Al 

doped ZnO) were prepared using high temperature SSR 

route. Then, Al:ZnO/ZnO semiconductor layers were 

fabricated on (100) single crystalline SrTiO3 substrate, then 

after masking GdMnO3 manganite layer was fabricated on 

Al:ZnO/SrTiO3 and ZnO/SrTiO3 films using Pulsed Laser 

Deposition system (parameters: laser energy: -~ 225 mJ and 

~240 mJ, Pulse rate: - 5 Hz, substrate temperature: - 800°C, 

partial oxygen pressure: - ~ 250 mTarr and ~75 mTarr for 

GdMnO3 and ZnO/Al-ZnO layers respectively). The X-ray 

Diffraction pattern were taken using Cu Kα radiation for 

structural analysis of prepared thin films. For better 

understanding phase identification, X-ray Diffraction 

Pattern were taken with grazing angle mode. For 

topographical analysis, Atomic Force Micrographs were 

taken using Nanoscop V-3100 (Bruker). For vibrational 

mode identification, the Raman spectra were obtained over 

a range from 100 cm−1 to 1200 cm−1 with a spectral 

resolution of 1 cm−1 at an excitation wavelength of 785 nm, 

using A Renishaw confocal micro-Raman spectrometer 

with a liquid-nitrogen-cooled charge-coupled device was 

used to analyze the backscattered light. The laser spot 

power incident on the sample was kept below 5mW to 

avoid any sample heating. The temperature dependent 

Current-Voltage (I-V) measurements were taken to 

investigate the transport behaviour of all fabricated films 

using the Keithley Source Metter (Model- 4200SCS). 

Current-Voltage (I-V) measurements were taken using the 

DC two probe method with Current Perpendicular to plane 

(CPP) mode in voltage range of -5 V to +5 V for both 

heterostructures for this Ag (silver) patches formed on the 

surface of both the GMO manganite layer and the AZO/ZO 

layer. 

 

Fig. 1. X-ray diffraction patterns for polycrystalline (a) 

GdMnO3/Al:ZnO/SrTiO3 and (b) GdMnO3/ZnO/SrTiO3 thin film 

heterostructures taken at 1.5º grazing angle. 

RESULTS AND DISCUSSIONS 

X-ray Diffraction (XRD) Measurements 

Fig. 1 displays the X-ray diffraction patterns for 

GdMnO3/Al:ZnO/SrTiO3 (GMO/AZ/STO) and 

GdMnO3/ZnO/SrTiO3(GMO/Z/STO). X-ray Diffraction 
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pattern taken at 1.5º grazing angle to confirm the 

polycrystalline growth of all proposed layers. The X-ray 

Diffraction patterns confirm the orthorhombic (Pnma) 

growth of GdMnO3 and wurtzite hexagonal phase growth 

of Al:ZnO and ZnO layers. The tensile strain (+0.07%) and 

compressive strain (-0.15%) were present at interface of 

GdMnO3/ Al:ZnO and GdMnO3/ZnO bilayers respectively. 

The lattice mismatch/strain calculated using following 

relation, 

𝛿(%)  = [
(𝑑𝑠𝑢𝑏𝑠𝑡𝑟𝑎𝑡𝑒−𝑑𝑓𝑖𝑙𝑚)

𝑑𝑓𝑖𝑙𝑚
]  ×  100                 (1) 

Atomic Force Microscopy (AFM) measurements 

Atomic Force Microscopy (AFM) is the technique which 

helps to study the surface topography of thin films.  

Fig. 2 (a-h) reveals the surface topographic images with    

3-dimentional (Fig. 2(a) & Fig. 2(e)) and 2-dimentional 

(Fig. 2(b) & Fig. 2(f)) view as well as surface profile (Fig. 

2(c) & Fig. 2(g)) and RMS Roughness (Fig. 2(d) & Fig. 

2(h)) studies for prepared GMO/AZ/STO and GMO/Z/STO 

thin films respectively. 

 Island type growth for both the strictures is confirmed 

from the 3D view of surface, GMO/AZ/STO possesses 

large islands as compared to GMO/Z/STO film. Also, Z-

axis scale bar reveals the large difference in grain height for 

GMO/AZ/STO (~236 nm) and GMO/Z/STO (~70.8 nm) 

thin films. Surface profile suggests homogeneous grain 

growth with ~1.93 μm and ~172 nm average grain size for 

both films respectively as well as RMS roughness found to 

be ~ 36.7075 (GMO/AZ/STO) and ~ 7.1297 

(GMO/Z/STO) respectively. The difference in 

microstructure of both the layered films helps to understand 

the difference in Current-Voltage relation of both the 

structures. 

 
Fig. 2. AFM Images for GMO/AZ/SNTO and GMO/Z/SNTO heterostructures; (a & e) 2D view surface topography, (b & f) 3D view of surface 

topography with Z- axis scale bar, (c & g) granular (surface) profile for randomly selected grains, (d & h) average RMS roughness analysis respectively. 

  

Raman measurements 

Raman spectroscopy studies related vibrations of atomic 

bonds present in structure, all vibrations are associate with 

significant phonon modes. For the orthorhombic structure, 

60 phonon vibrational modes are associated with Г-point 

among them 24 modes (7A g+5B 1g+7B 2g+5B 3g) Raman 

active, 25 modes (9B 1u+7B 2u+9B 3u) infrared active, 8 

modes (8A u) silent mode, and 3 are acoustic modes (3B 

1u+B 2u+B 3u) respectively. Two MnO6 octahedra were 

found in the GdMnO3 crystal lattice, as well as two axial 

O2 and four equatorial O1 ions on the y-axis. The xy-plane 

and y-axis are parallel to the Mn-O1 and Mn-O2 bonds, 

respectively. 

 Fig. 3(a) and Fig. 3(b) represents the typical room 

temperature Raman spectra for GMO/AZ/STO and 

GMO/Z/STO thin films respectively. The Raman shifts 

were identified using the Lorentz function fitted on 

experimentally observed spectrum. As shown in Fig. 3(a) 

and Fig. 3(b), Raman spectra reveals strong Raman  

Shifts 245.48 cm-1, 273.98 cm-1, 374.98 cm-1,415.33 cm-1, 

486.56 cm-1, 504.41 cm-1, 616.06 cm-1, 679.01 cm-1  

and 728.89 cm-1 as well as 243.10 cm-1, 275.17 cm-1,  

374.98 cm-1, 411.76 cm-1, 486.59 cm-1, 505.60 cm-1,  

618.43 cm-1, 677.82 cm-1 and 726.52 cm-1 for 

GMO/AZ/STO and GMO/Z/STO thin films respectively, 

which shows significance with previously reported data 

[32-34]. The majority Raman shifts corresponds with 
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GdMnO3, only 245.48 cm-1, 679.01 cm-1 (for 

GMO/AZ/STO) and 243.10 cm-1, 677.82 cm-1 (for 

GMO/Z/STO) Raman Shifts are related with lattice-

substrate interaction. From the close observation of the 

Raman spectra, one finds the five Raman active modes 

especially four Ag and one B2g which is associated with 

MnO6 octahedra present in GdMnO3.  

 
Fig. 3. Typical Micro-Raman Spectra for (a) GMO/AZ/STO and (b) 

GMO/Z/STO thin film heterostructures taken at room temperature. 

 The 𝐴𝑔symmetry which corresponds to tilting of MnO6 

octahedra reveals by 273.98 cm-1 and 275.17 cm-1. The 

Raman shift at 374.98 cm-1reveals the 𝐴𝑔 mode associated 

with the out of phase x rotations of MnO6. The 𝐴𝑔 mode 

having MnO6 bending and O2 anti-stretching were located 

at 486.56 cm-1 and 504.41 cm-1 as well as 486.59 cm-1and 

505.60 cm-1 respectively. The 𝐵2𝑔 mode with the 

symmetric stretching mode involving the equatorial  

oxygen atoms is associated with the prominent band at 

616.06 cm-1 and 618.43 cm-1 respectively. 

 The other modes, at 245.48 cm-1, 679.01 cm-1 (for 

GMO/AZ/STO) and 243.10 cm-1, 677.82 cm-1 (for 

GMO/Z/STO), possibly represent interactions between the 

GdMnO3 films and the SrTiO3 substrate [25,34-36]. 

Moreover, the Raman shift at 728.89 cm-1 as well as  

726.52 cm-1 can be attributed to longitudinal optical (LO) 

branches of SrTiO3 substrate [37]. It is observed that most 

Raman spectral features are approximately identical, 

although the intensity decreases. The Raman spectra of 

GdMnO3/ZnO bilayers exhibit a broad band in the  

380-480 cm−1 region, which may attributed to the 

emergence of the 𝐸2
ℎ𝑖𝑔ℎ

 mode of Wurtzite ZnO structure 

[38].  

Current-Voltage (I-V) measurements 

Before delving into the transport studies, it is worth noting 

that Ag (silver) patches formed on the surface of both the 

GMO manganite layer and the AZO/ZO layers. In this 

study, these Ag patches served as electrodes for the 

Current-Voltage (I-V) behavior. During the experiment, 

these patches were made with the same size and thickness. 

The effects of the ohmic contact between the Ag electrode 

and all layers (for both films) on the transport properties of 

both films will be the same when analyzing the transport 

measurement results. In this case, changes in the results of 

transport characterizations are regarded as film behavior 

rather than any effective ohmic contact. 

 

Fig. 4. Room temperature Current-Voltage (I-V) characteristics for 

GMO/AZ/STO and GMO/Z/STO thin film. (Insets: CPP geometry and 

Semi-logarithmic scale view)  

 To understand the transport behaviour across the Ag-

GMO/AZ_Z-Ag interfaces of prepared GMO/AZ_Z/STO 

thin films, Current-Voltage (I-V) measurements were taken 

using the DC two probe method with Current Perpendicular 

to Plane (CPP) mode at room temperature. Room 

temperature I-V behaviour in range of -5 V to +5 V for both 

films are shown in Figure 4. The insets of Figure 4 represent 

schematic diagram of CPP mode as well as logarithmic plot 

of I-V behaviour of prepared films. 

 Fig. 4 reveals that both Thin film heterostructures 

possess rectifying behaviour with rectification ratio (IF/IR) 

of ~1.12 and ~0.98 at 5 V respectively, indicating majority 

charge carriers flow from semiconductor layer to 

manganite layer [39]. Herein one can consider that there is 

no major role of GdMnO3 in charge transport behaviour in 

particular study deciding the rectification. Also, the 

filamentary paths created at the interface, which creates 

tunneling effect at the interface, are responsible for the 

increment in current and the rectification [31]. From Fig. 4, 

it is observed that GMO/AZ/STO film contains higher 

value of current compared to that in GMO/Z/STO, because 

Al:ZnO contains higher carrier concentration as compared 

to ZnO and for present case the charge carries are flowing 

from Al:ZnO and ZnO layer to GMO layer of 

GMO/AZ/STO and GMO/Z/STO films respectively which 

may be responsible for the high value of current for 

GMO/AZ/STO thin film heterostructures. Another factor 

affecting the charge on rectifying ratio is the microstructure 

presented in Fig. 2, in which the GMO layer in 

GMO/Z/STO films is having larger grains and hence 

smaller number of grain boundaries offering the small 

resistance to the current, whereas the smaller grains and 

larger number of grain boundaries offer comparatively 

large resistance for the case of GMO/Z/STO layered thin 

films. 
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 In context to understand the chare transport mechanism 

responsible for the observed room temperature Current-

Voltage (I-V) behavior across the GMO/AZ and GMO/Z 

interface, the experimental data were fitted to various 

theoretical models, namely,  

(i) Fowler-Nordheim (FN) Tunneling [40] 

𝐽𝐹𝑁 = 𝐴𝐸2𝑒𝑥𝑝 (
−𝐵2√∅3

E
)           (2) 

where, A and B are constant; E is the applied electric field 

and ∅ is potential barrier height.  

(ii) Poole-Frenkel (PF) Emission [41] 

𝐽𝑃𝐹 = 𝐵𝐸 𝑒𝑥𝑝 (
−E1−√q3 E

4πε0k

KBT
)          (3) 

where B is a constant, E is the electric field applied to 

interfaces, E1 is the trap ionization energy, q is electron 

charge KB is Boltzmann’s Constant, T is absolute 

temperature, 𝜀0 is the permittivity of free space and k is the 

optical dielectric constant of heterostructure. 

(iii) Schottky Emission/Barrier [42], 

𝐽𝑆𝑐ℎ𝑜𝑡𝑡𝑘𝑦 = 𝐴𝑇2𝑒𝑥𝑝 (
∅−√q3 E

4πε0k

KBT
)    (4) 

where, A is a constant; T is absolute temperature; E is 

the electric field; kB is Boltzmann’s constant; ∅ is the 

barrier height; 𝜀0 is the permittivity of free space and k 

is the optical dielectric permittivity of thin film 

(iv) Space Charge Limited (SCL) Conduction [42], 

𝐽𝑆𝐶𝐿𝐶 =
9𝜇𝜀0𝑘𝑉2𝜃

8𝑑𝑠
3 exp [0.891𝛽 (

𝑉

𝑑𝑠
)

1
2⁄

]        (5) 

where, 𝜇 is the mobility of electron, k is the permittivity, 

𝜀0 is permittivity of free space, 𝜃 is free to total carrier 

density ratio, ds is thickness of film, 

(v) Simmons Model [42] etc. 

𝐼 = (𝜎 × 𝑉) + (𝑘 × 𝑉𝑛)              (6) 

where, 𝜎 represents the conductivity, 𝑘 represents the 

constant which depending upon the barrier at interface. 

 Our obtained data best fits to two different theoretical 

models namely (i) Space Charge Limited (SCL) conduction 

and (ii) Simmons model. Fig. 5(a) & Fig. 5(c) show the 

Space Charge Limited Conduction (SCLC) fittings for 

Forward and Reverse bias of GMO/AZ/STO and 

GMO/Z/STO Thin film heterostructures respectively. 

Space Charge Limited Conduction (SCLC) model fitted for 

full voltage range which reveals that GMO/AZ and GMO/Z 

interfaces shows the ohmic behavior. To support the Space 

Charge Limited Conduction mechanism, linear fit for dV/d 

(ln I) vs I were performed. Fig. 5(b) & Fig. 5(d) provide the 

value of series resistance present at the interface of the film. 

The series resistance is dominant factor for the ohmic 

behavior of any junction [43]. The fitting parameters are 

tabulated in Table 1. 

 Fig. 5(e) and Fig. 5(f) show the Simmons model fitting 

for the GMO/AZ/STO and GMO/Z/STO thin filmns 

respectively. Fitting the Simmons moded on nonlinear 

curve, provides value of n which is associate with the 

different posible charge transport mechanism. If the value 

of n ≥ 0.6 then charge conduction can be considerad 

tunneling through the disorderad metalic oxides. For the n 

= 1.33, quasiparticle tunneling via the pairs localized states. 

The stron spin-flip scattering at the insulating barries 

attirbute for chare conduction if n > 1.4. When n=2, direct 

tunneling of charge cerries across the barries causes the 

tunneling [42]. In present cases, obtained value of n ( 0.72 

≤ n ≤ 1.33) indicate that the charge condution is controlled 

by disordered metalic oxide (at interface due to lattice 

mismatch). Value of n is tabulated in Table 1. 

 

 

Fig. 5. (a) & (c) Space Charge Limited (SCL) conduction, (b) & (d) Liner 
fits of dV/d(lnI) vs I linear, (e) & (f) Simmons model fittings to room 

temperature Current-Voltage (I-V) characteristics for GMO/AZ/STO and 

GMO/Z/STO thin film heterostructures respectively. 

 
Table 1. Fitting parameters obtained from dV/d(lnI) vs I linear fitting and 
Simmons model. 

 dV/d(lnI) vs I graph 
Simmons 

Model Fitting 

 
Ideality 

Factor (𝜂) 

Series 

Resistance (Ω) 
n  

GMO/AZ/STO 
FB 0.16 1.43 1.31 
RB 1.10 1.68 1.33 

GMO/Z/STO 
FB 0.02 7.36 × 107 0.72 

RB 0.03 7.18× 107 0.84 



 

 

Adv. Mater. Lett., | Issue (July-September) 2023, 23031730  [6 of 8] 

https://aml.iaamonline.org 

 To understand the temperature effect on charge 

conduction at insulating- semiconductor interface, the 

temperature dependent Current-Voltage (I-V) 

measurements are being carried out. Figure 6 (a) and (b) 

show the I-V behavior obtained at various temperature 

(50ºC, 100ºC & 150ºC) for GMO/AZ/STO and 

GMO/Z/STO thin film heterostructures respectively and 

insets of Fig. 6(a) & Fig. 6(b) shows current variation at 

lower voltage. As shown in Fig. 6(a) & Fig. 6(b), as 

temperature increases the value of current is increases for 

both bilayers. The increment in current with temperature 

can be describes in two different ways, (i) The thermal 

injection charge carries [39] and (ii) internal annealing [44] 

at the interface respectively.  

 

Fig. 6. Temperature dependent Current-Voltage (I-V) characteristics for 

(a) GMO/AZ/STO (b) GMO/Z/STO thin film heterostructures (at 50ºC, 
100ºC & 150ºC). (Inset: enlarged view of lower voltage region). 

 

 The thermal injection of charge carrier can be predicted 

because of the partial substitution of Zn+2 by Mn+3 in 

GMO/AZ and GMO/Z lattices of the thin film 

heterostructures which increase the carrier concentration at 

the interface as temperature increases [45]. Khushal et al. 

[46] also reported the partial substitution or effective 

diffusion of  Zn+2 in LSMO manganite at interface that 

results in La0.7Sr0.3Mn1–yZnyO3 form of stoichiometry. In 

thin films, the electrical resistance strongly obeys the 

annealing temperature in context of grain boundaries. The 

increment in temperature causes the partial annealing at the 

interfaces which causes decrement in grain boundaries, 

resulting observed increment in current due to increment in 

crystallinity which decrease the electrical resistance of thin 

films at interfaces. To convey the fact of temperature effect 

on charge conduction, the modified Thermionic Emission 

model were fitted for I-V data collected at different 

temperature (50ºC, 100ºC & 150ºC) using the relation, 

𝐼 = 𝐴𝑇2𝑒𝑥𝑝 (− [
{Φ𝐵−𝑞(

𝑞𝑉

4𝜋𝜀𝑑
)

1
2⁄

}

𝐾𝑇
])                  (7) 

where Φ𝐵 is the barrier height, 𝑞 is the charge of carrier, 𝜀 

is the permittivity of material, 𝑑 is the barrier width and 𝐾 

is Boltzmann constant. Fig. 7(a) and Fig. 7(b) represent the 

theoretically fitted experimental I-V data at different 

temperature (50ºC, 100ºC & 150ºC). Form the fitting, there 

is a decrement in Φ𝐵 value (tabulated in Table 2) with 

increment in temperature for both thin film 

heterostructures, suggesting that with temperature 

crystallinity increases (decreasing lattice mismatch) at the 

interface which in turn increase the charge conduction due 

to the thermal excitation effect on the charge carriers [47]. 

In other words, the interface of heterostructures is modified 

with temperature and the discontinuity at manganite-

semiconductor interface decreases [48]. 

 

 

Fig. 7. Thermionic emission model fitting for Temperature Dependent 
Current-Voltage (I-V) characteristics for (a) GMO/AZ/STO and (b) 

GMO/Z/STO thin film heterostructures (at 50ºC, 100ºC & 150ºC). 

Variation of barrier height with temperature for (c) GMO/AZ/STO and (d) 
GMO/Z/STO thin film heterostructures. 

 
Table 2. Fitting parameters from Thermionic emission model. 

 
Temperature 

Thermionic Model 

  Φ𝐵(eV) 

GMO/AZ/STO 

50 ºC 
FB 8.85 × 10−4 

RB 5.50 × 10−4 

100ºC FB 2.59 × 10−5 

RB 1.70 × 10−5 

150ºC FB 1.16 × 10−5 

RB 5.85 × 10−6 

GMO/Z/STO 

50 ºC 
FB 1.23 × 10−4 

RB 1.43 × 10−4 

100ºC FB 1.01 × 10−5 

RB 8.10 × 10−5 

150ºC FB 8.35 × 10−6 

RB 5.48 × 10−5 

 

CONCLUSION 

In conclusion, we successfully fabricated the 

polycrystalline GMO/AZ/STO and GMO/Z/STO thin film 

heterostructures using Pulsed Laser Deposition System. 

The growth of orthorhombic GMO layer and Wurtzite 

hexagonal Al:ZnO/ ZnO structure was confirmed by X-ray 

diffraction patterns. The AFM images reveals the 

topographical behaviour of prepared films. From AFM 

analysis, found that GMO/AZ/STO film possess larger 

grain size as compared to GMO/Z/STO film. The Raman 

spectra confirms the bending and stretching of MnO6 

octahedra presence in GdMnO3 layer. The transport 
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behaviour of prepared films understood with Current-

Voltage (I-V) behaviour. Both films show rectifying 

behaviour at room temperature. From the I-V 

measurements one found that GMO/AZ/STO shows higher 

value of current because it contains more charge carriers as 

compared to GMO/Z/STO films. For better understanding 

of room temperature conduction mechanism, Space Charge 

Limited Conduction (SCLC) and Simmons model were 

fitted. SCLC fitting reveals the ohmic behaviour of 

prepared films which rather supported by dV/d(lnI) vs I 

graphs and provides value of series resistance for both 

films. Simmons model suggested that charge conduction 

attributed with tunneling though disordered metallic 

oxides. Temperature dependent I-V behaviour shows that 

increment in temperature increases current and shows 

rectifying nature at high temperature. The increment in 

current at comparatively high temperatures attributed as 

partial annealing effect at the interface. Thermionic 

emission model was employed to understand the 

temperature effect at interface, reveals that with  

increasing temperature barrier height decreases, promoting 

the charge conduction. The obtained results show that 

interfacial coupling between manganite and semiconductor 

materials could be controlled by applied voltages and 

temperatures that immensely improves the promising 

applications of manganite/semiconductor heterostructures 

in multifunctional electronic devices. 
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