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Introduction 

Manganites are famous for their different properties and 

potential applications for a variety of devices and spintronic 

applications. Doped manganite materials show the different 

properties compared to pure/pristine manganite materials 

[1]. Pure manganite materials (i.e. LaMnO3) are 

antiferromagnetic insulator with Mn+3 ions. Doping of 

Ca+2/Sr+2 force to change Mn+3 ions to Mn+4 ions with the 

equivalent number of dopant concentration. It causes the 

paramagnetic insulator to ferromagnetic metal transition 

following zener double exchange mechanism [2]. 

Manganite are highly sensitive to applied magnetic fields, 

electric current, electric field, incident light, applied 

pressures [3-5]. Manganite heterostructures show more 

prominent properties that bulk manganite materials can’t, 

as the exchange energy and hopping energies are tuned at 

the interfaces [6]. Physical and Microstructural properties 

of manganite thin films are highly sensitive to the growth 

conditions, choice of substrate, deposition parameters [7, 8] 

etc. The growth conditions and deposition parameters 

change with the deposition techniques. There are several 

deposition techniques which are used to fabricate the thin 

films, Chemical Vapour Deposition (CVD) [8], Pulsed 

Laser Deposition (PLD) [9], Sputtering [10] etc. Manganite 

can be used in the potential applications for devices such as 

capacitors [9], sensors [11], resistive switching [12], 

transistors [13], p-n junctions [14], Memory storage 

Devices [15] etc. 

 Sun et al., [16] have reported the photoelectric  

effect in temperature-dependent I-V characteristics of 

La0.29Pr0.38Ca0.33MnO3/ Nb-doped SrTiO3films and 

explained rectifying behaviour in the context of manganite 

materials the eg band act as a valence band and t2g as the 

conduction band (spin-up: valence band; spin-down: 

conduction band). The increment (below room 

temperature) in temperature makes the bandgap smaller. 

Panda et al., [17] reported good rectifying behaviour of  

p-La0.7Ca0.3MnO3/SrTiO3/n-Si and explained magneto-

resistive property using standard spin injection mechanism 

in the magnetic p-n junction. Mona et al., [18] have 

reported the rectifying behaviour of La0.7Sr0.3MnO3/SiO2/ 

Si heterojunction, discussed the role of the interface, and 

explained the Schottky type rectifying behaviour with 

“dead” layer of SiO2 at an interface in the I-V 

characteristics. Zhao et al., [19] have reported high-

sensitivity photovoltaic response of La0.4Ca0.6MnO3/Si thin 

film deposited using sputtering technique and observed 

weak light detection properties with highly sensitive photo 

response application in the heterojunction prepared by 

wide-bandgap oxides and Si. Abad et al., [20] have reported 

the existence of insulating layer at the surface of the as-

grown LCMO film. Also reported the effect of annealing 

on the insulating layer, they successfully fitted the 

Simmons Model to understand the tunnelling process 

responsible for the charge conduction mechanism. Prashant 

et al., [21] explained the transport mechanism of 

quasiparticle tunnelling, tunnelling  

through disordered metallic oxides and spin-flip scattering 

at grain boundary using the Simmons model for 

La0.7A0.3MnO3 (A= Ca, Sr, Ba) thin films grown on LAO 

(100) substrate.  



  

 In the present case, we have studied the effect of 

incident light on LCMGO/Si thin films having various 

thicknesses in detail. I-V characteristics have been 

understood using the Simmons model. 

Experimental  

La0.67Ca0.33Mn0.9Ga0.1O3 (LCMGO)/ Si thin films were 

deposited using the Pulsed Laser Deposition (PLD) 

technique. The target of LCMGO was prepared using 

conventional Solid State reaction (SSR) route [22]. The 

stoichiometry of La0.67Ca0.33Mn0.9Ga0.1O3 was maintained 

using starting materials La2O3, Ga2O3, Ca2CO3 and MnO2. 

The LCMGO target was sintered at 1175oC for 24 hours 

with intermediate grinding and heating in air. The PLD 

parameters were set to laser energy- 250 mJ (Coherent 

Laser System made KrF excimer laser with 248 nm 

wavelength, Pulse Rate- 5 Hz, Substrate Temperature- 

750oC, and partial oxygen pressure- 350 mTorr). Films 

were grown on n-type Si wafer (Phosphorus doped) with 

(100) orientation.  The deposition time was kept 8 minutes 

(LCMGO-8), 16 minutes (LCMGO-16) and 24 minutes 

(LCMGO-24) to have different thickness of the films (at 

Department of Nanoscience and Advanced materials, 

Saurashtra University, Rajkot). The phase purity and 

crystal structures of samples were characterized by X-ray 

diffraction (PANalytical X`pert with Cu-Kα (1.5406 Å) at 

Department of Physics, Saurashtra University, Rajkot. The 

cross-sectional SEM (Zeiss Merlin/VP compact model) 

were taken to study the thickness of grown films. To study 

the surface topography, the Atomic Force Micrographs 

(AFM) were taken in noncontact mode (NTEGRA Aura 

(NT-MDT) at FCIPT, Gandhinagar. To understand the 

charge transform behaviour of LCMGO/ Si films under the 

influence of different lights the I-V (coplanar mode) 

measurements were done in the range of  

-1V to + 1V at room temperature using Keithley source 

meter at Department of Physics, Saurashtra University, 

Rajkot. 

Results and discussion 

Fig. 1 shows the XRD patterns for the Si Substrate and the 

growth of orthorhombic LCMGO/Si films without any 

detectable traces of impurity. The graph in side panel in 

Fig. 1 shows the enlarged view of the most intense peak 

corresponding to Si substrate and LCMGO layer. The most 

intense peak is shifting towards the higher 2θ values show 

the release in the strain. The plot in Fig. 2 shows the 

increment in cell volume as a function of deposition time, 

values of cell parameters are listed in Table 1. 

Table 1. Values of refined unit cell parameters, cell volume for 

La0.67Ca0.33Mn0.9Ga0.1O3 manganite films. 

Sample a 

(�̇�) 

b 

(�̇�) 

c 

(�̇�) 

Cell 

Volume 

(�̇�)3 

LCMGO8 5.4337 7.5947 5.449 244.8656 

LCMGO16 5.4189 7.6484 5.4577 266.1993 

LCMGO24 6.6103 7.8895 6.1409 320.2599 

 
Fig. 1. XRD patterns for the Si Substrate and all three LCMGO/Si films. 

 

 

Fig. 2. Cell Volume as a function of deposition time. 

 

 

Fig. 3. Cross-sectional SEM micrographs of (a) LCMGO-8, (b) LCMGO- 

16 and (c) LCMGO- 24 thin films. 

Table 2. Thickness of the grown films. 

Sample Thickness 

(nm) 

LCMGO-8 301.9 

LCMGO-16 442.0 

LCMGO-24 814.0 

 

 Fig. 3 shows the Cross-sectional SEM micrographs  

for all grown films. As shown in Fig. 3 it is clear that  

the thickness of the films increases with increasing 

deposition time. The thicknesses of the films listed in Table 

2. Atomic Force Micrographs (AFMs) were taken to 

understand the surface properties of deposited films.  



  

Fig. 4 shows the AFM images of the LCMGO-8, LCMGO-

16 & LCMGO-24 films. Increment in deposition time 

changes the surface morphology. The AFM images reveal 

the in-homogeneously distributed island type growth of 

LCMGO films on Si substrate. The LCMGO-8 has got both 

smaller islands as well as bigger islands type distribution of 

grains, whereas in LCMGO-16 more uniform size of 

islands type grains are formed. The island size appears 

comparatively larger than that of the LCMGO-8 which gets 

diffused into one another and have been replaced with 

parallel array type distribution. This may be attributed to 

the diffusion of the islands in one direction resulting in 

parallel stripe like arrangement.  

 
Fig. 4. AFM images for (a) LCMGO-8, (b) LCMGO- 16 and (c) LCMGO- 

24 thin films. 

 

 Fig. 5 shows the I-V measurements for all LCMGO/Si 

films when illuminated with room light and UV light 

respectively. The inset image shows the enlarged view for 

forward-biased current. I-V measurement performed in -1V 

to +1V range reveals the electron-transport behaviour of 

LCMGO/Si p-n junction. From the I-V curves, it is clear 

that the LCMGO/Si junction shows the non-linear nature 

for all applied environment. 

 For the conventional p-n junction diode, normally 

forward current is much larger than that of the reverse 

current value. Some reports are available on the observation 

of large reverse current value than that of the forward 

current, so-called backward diode like behaviour. In the 

backward diode, the Fermi level is very close to the band 

edges, due to that the tunnelling of electrons increase 

rapidly from valance band of the p side into the conduction 

band of the n side when a small change in voltage is applied 

in reverse bias mode [23-25]  

 One noticeable feature of the presently studied I-V 

characteristics is large reverse-bias current compared to the 

forward bias current. Illumination of the films under room 

light increases the reverse bias current for all LCMGO/Si 

p-n junctions, with increasing voltage. Under the 

illumination of UV light, the reverse bias current slightly 

increases as compared to that of the room light illumination. 

As shown in insets of Fig. 4, forward bias currents are 

having very small changes as a function of voltage. It may 

be ascribed to the larger thickness dependent affinity of the 

charge carriers that decrease as thickness of the films 

increases.  

 The energy of UV light is ~ 4.48 eV which is higher 

than the barrier height of LCMGO/Si p-n junction. The 

barrier height of LCMGO/Si p-n junction is ~3.9 eV, 

calculated using ø0=WLCMGO− øSi [26]. Where, WLCMGO is 

the work function of the LCMGO (~ 4.88 eV) and øSi is the 

electron affinity of Si (~0.9 eV).  The energy of incident 

light is higher than the barrier height; hence the charge 

carriers are generated and can easily cross-over the barrier, 

increasing the reverse-biased current. The bandgap of Si 

and LCMGO are reported to be 1.12 eV and 1.2 eV 

respectively, because of that the incidence of UV light is 

expected to produce photo-induced charge carriers at the 

interface of LCMGO/Si junction [27]. 

 There are various theoretical models and mechanisms 

available to understand the charge transport behaviour of 

the materials, thermionic emission: I = AT2exp (– [{ΦB – q 

(qV / 4πεd)1/2} /KT] [14], hopping conduction mechanism: 

I α V [14], Space Charge Limited conduction (SCLC) 

mechanism: ISCLC = 9μεrε0θ V2/8d3 [26], (iv) Schottky 

barrier: I = AT2exp (– [ψ– (q3V / 4πε0k)1/2/ KBT [21], and 

(v) Simmons model : I α Vn [27] etc. The Simmons model 

is best fitted in reverse bias mode of I-V characteristics for 

all the grown thin films.  

 

 

Fig. 5. I-V plots for all three, LCMGO-8/Si, LCMGO-16/Si, and 

LCMGO-24/Si thin films under the (a) room light and (b) UV light with 
having different thickness. 



  

 

Fig. 6.1. Simmons Model Fitting in reverse bias mode for the all (a) 

LCMGO-8/Si, (b) LCMGO-16/Si and (c) LCMGO-24/Si under the room 

light. 

 

Fig. 6.2. Simmons Model Fitting in reverse bias mode for the all (a) 

LCMGO-8/Si, (b) LCMGO-16/Si and (c) LCMGO-24/Si under the UV 

light.  

 

 Fig. 6.1 and Fig. 6.2 shows the fitting of the Simmons 

model for all the I-V curves under the illumination of room 

light and UV light respectively. Modified Simmons model 

was successfully fitted to all I-V curves using the equation 

I = (-V) + (k -Vn), where,  is the conductivity, k is a 

constant. Depending upon the interface barrier and power 

exponent n governing the charge transport mechanisms, 

value of n is important to understand the mechanism in the 

charge-transport behaviour of materials. For n ≥ 0.6, 

tunnelling through disordered metallic oxides takes place, 

n = 1.33 corresponds to  quasiparticle tunnelling via pairs 

of localized states and for n > 1.4, strong spin-flip scattering 

at an insulating barrier takes place [28].Value of n for the 

present case are listed in Table 3.  

Table 3. Values of n in the Simmons Model for all fitted curves. 

Sample  LCMGO-8 LCMGO-16 LCMGO-24 

ROOM LIGHT 2.56 3.09 2.54 

UV LIGHT 2.74 2.97 2.39 

 The effect of thickness of deposited films on charge 

transport behaviour, illuminated with room light and UV 

light is shown in Fig. 5. It can be readily noticed that values 

of current is increasing with increasing thickness of 

LCMGO layer. This may be explained in terms of 

increasing thickness of the films.  It tends to have a bulk 

analogue nature and the lattice strain is decreased between 

the LCGMO layer and Si substrate with increasing 

thickness, this may also be a reason why the islands are 

disappearing and the grains are arranged more orderly in 

LCGMO-24 films as seen in AFM images.  

 When the applied voltage increases, the electron of  

eg levels are forced to move forward irrespective of spin 

scattering or the orientation of Mn ions [28]. In the 

formation of LCMGO/Si junction, the density of  

electrons and holes in LCMGO and Si should diffuse,  

this diffusion in electron-hole pair causes a built-in electric 

field in the space charge region at the interface of the 

LCMGO/Si film [27]. Under illumination of UV light, 

photo-induced charge carriers were separated because of 

the built-in electric field [29]. For the present case, the 

calculated value of the n for the Simmons model is greater 

than 1.4 for all I-V measurement, which confirms the 

generation of the built-in electric field at the interface. 

Theoretically, the strong spin-flip scattering of an electron 

at LCMGO/Si interface is responsible for the charge 

transport mechanism but under the influence of UV light, 

the built-in-electric field helps the charge carriers to 

crossover the interface. This may be the reason for the 

larger current in reverse bias mode as compared to that for 

the room light.   

Conclusion 

In conclusion, we have successfully grown the LCMGO/Si 

films having different thickness using Pulsed Laser 

Deposition (PLD) System. Growth of films was confirmed 

by the XRD patterns. Cross sectional SEM micrographs 

confirm the increment of thickness with increasing 

deposition time. AFM reveals the island type of growth of 

films on Si substrate which gets diffused and arranged more 

orderly and having homogeneous distribution of grain size 

as the thickness of film increases.  I-V measurement 

confirms the backward diode like the behaviour of 

LCMGO/Si junction. As the energy of UV light is greater 

than the barrier height, it generates the built-in-electric field 

at the interface hence, more charge carriers can cross over 

the barrier as compared to the case of room light. The fitting 

of the Simmons model reveals the spin-flip scattering of eg 

electrons at the insulating barrier of LCMGO/Si films. Spin 

flip scattering at the interface increases the tunnelling of 

charge carriers in reverse bias mode. 
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