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Abstract— This paper reports on the effects of the nano-filler 

ranging from 0.0-3.0 wt% on the dielectric layer properties of 

magnesium oxide film by sol-gel spin coating technique. The 

dielectric layer properties are studied in terms of electrical, 

relative permittivity and it’s morphology. The electrical and 

permittivity characteristic were characterized using 2-

pointprobe I-V measurement and impedance spectroscopy while 

its morphology and topology is characterized using field 

emission scanning electron microscopy (FESEM) and Atomic 

force microscopy(Park system-XE 100)  respectively. Relative 

permittivity of MgO films are decrease while the resistivity is 

increasing as the MgO  nano-filler content is increasing. The 

best weight percentage of nano-filler is 1.0 wt%. The increases 

of the nano-filler content greater than 1.0 wt% resulted in high 

porosity. 

Keywords-component; Nano-filler, Magnesium Oxide, spin 

coating, Dielectric, Morphology. 

I. INTRODUCTION 

Magnesium Oxide has been used as a dielectric material 

instead of SiO2 for both low[1] and high power applications 

devices[2]. This alternative material can ensure an adequate 

large band offsets with Si, ranging from 7.3eV to 7.8eV[1, 3]. 

The growth method and annealing conditions are influential 

in determining the dielectric permittivity κ, generally ranging 

from 6.7 to 10 [3, 4] for magnesium oxide. Large power 

dissipation can be achieved by using magnesium oxide due to 

its high thermal conductivity[2]. In addition, chemical 

inertness of magnesium oxide also facilitates to minimize the 

formation of an interfacial layer in contact with Si [1]. 

 Nanotechnologies are available in a lot of domain since 

they are a great source of innovation. It has been reported that 

a few percent of nano-filler can improved mechanical 

characteristic [5], permeability characteristic[6] and electrical 

properties [7].Although the inclusion of nano-filler could lead 

to an excellence thin film properties, the source of the 

improvement is still unclear [8]. There is also lack of 

investigation on the effect of MgO nano-filler on its 

morphology. 

Therefore, in this research, the nano filler magnesium 

oxide films were sequentially grown on glass substrates using 

sol-gel spin-coating technique. The weight percentage of 

MgO nano filler was systematically studied to investigate its 

effect on dielectric layer properties of the MgO films. 

II. EXPERIMENTAL DETAILS 

Nano-filler magnesium oxide films were prepared by sol-

gel spin-coating method. Prior to the deposition process, the 

substrates were subjected to cleaning process in ultrasonic 

bath for 10 min at 50 ˚c using acetone, methanol and 

deionizer  water (DI) to remove dirts and contaminants. 

     In this research, nano-filler magnesium oxide solution was 

prepared using magnesium acetate tetrahydrate (CH3COO)2 

as a precursor,Ethanol (C2H5OH)  as a solvent, Nitric Acid 

(HNO3) as the stabilizer and nano MgO powder as the nano-

filler. The nano-filler magnesium oxide powder were varied 

between 0.0-3.0 wt%. The solution was then sonicated at 50 

˚C for 20 minutes and stir-heated at 80 °C for 3 hour to yield 

a clear and homogeneous solution. The solution was then 

under goes aging process at room temperature and kept for 24 

hour to achieve complete reaction prior to deposition process.  

     Nano-filler magnesium oxide solution was spin-coated on 

glass substrate at 3200 rpm for 30 second and dried at 200 ˚C 

in thermal furnace for 10 minutes. In order to achieve the 

desired film thickness the spin-coating process was carried 

out for 10 times. After the coating process, the films were 

finally annealed at 500 ˚C for 1 hour. 

     The growth of nano-filler MgO films was measured using 

Surface profiler (VEECO). I-V measurement was conducted 

by 2-point probes (Solar Simulator).The dielectric constant of 

nano-filler MgO films were measured using impedance 

spectroscopy (Solatron SI 1260-1296). The morphology and 

topology of nano-filler MgO  films were examined using field 

emission scanning electron microscopy (FESEM) and Atomic 

force microscopy(Park system-XE 100). The deposition and 

characterization process are summarized in the flow chart 

shown in Fig 1.  

 

 

 

 

 

 

 

 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Figure 1: Preparation of  MgO films at different nano-filler loading using 

sol-gel spin-coating technique. 

 

III. RESULTS AND DISCUSSION 

A. I-V Measurement  

Fig. 2 shows the I-V characteristic of deposited MgO 

films at different weigh percentage of nano-filler. From the 

slope of the graph, it can be seen that increasing of nano-filler 

loading ratio caused the resistance to be increased. 
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Figure 2: I-V curves of deposited MgO films at different nano-filler loading 

ratio 

 

From the I-V measurement, the electrical resistivity, ρ 

was determined by using the following equation: 

 

. 

                               ----------       (1) 

 

where w and l are the width and length of metal contact, t is 

the film’s thickness, and R is the film’s resistance.  

 

Figure 3 shows the plotted result of resistivity and also 

conductivity of deposited MgO at different nano-filler 

loading ratio. From the plotted graph, it can be seen that the 

resistivity increases as the Mgo nano-filler increases. The 

values of resistivity increased from 47.7x103 to 525x103 cm 

for 0.0 wt% to 3.0 wt% of nano-filler loading respectively. 

 

0 1 2 3

0

100

200

300

400

500

600

 resistivity

 conductivity

nanofiller loading ratio(wt%)

R
e

s
is

ti
v
it
y
(k


.c
m

)

0

5

10

15

20

C
o

n
d

u
c
tiv

ity
(

S
m

-1)

 
 

Figure 3: Resistivity and conductivity of  MgO films at different  nano-filler 

loading ratio 

 

As suggested by Y.Murakami et.al, the resistivity 

property of thin films is related to the charge mobility and 

Start 

End 

Deposition of MgO nano-filler  on glass 

substrate 

Speed: 3200 rpm 

Time: 30 sec 

Drying Process 

Temperature: 200 °C 

Time: 10 min 

Annealing Process 

Temperature: 500 °C 

Time: 1 hour 

 

Characterization 

 

Dielectric Layer – Current-Voltage (I-V) 

measurement ,Impedance Analyzer, AFM & 

FESEM 

 

Achieved 

10 times 

deposition 

No 

Yes 

http://en.wikipedia.org/wiki/Electrical_resistance


. 

charge density. Lack of charge mobility and charge density 

resulted in greater resistivity [9]. Besides that, as describe in 

equation 1, it could be said that resistivity is linearly 

dependent on the thickness of the film. As summarized in 

table 1, as the weight percentage of the nano-filler increases, 

the thickness of the films increases that contributes to the 

high resistivity value. 

     The relationship between resistivity and conductivity is 

shown by the following equation: 

                                        

.        --------------- (2) 

 

By referring to equation (2) the conductivity of MgO nano-

filler films is a reciprocal of its resistivity and it is proven by 

the graph shown in Fig.3,where the value of conductivity 

decreased from 21.0x106 to 1.9x106 Sm-1  for 0.0 wt% to 3.0 

wt% nano-filler. 

B. Relative permitivity 

Fig. 4 shows the plotted result of relative permittivity 

versus frequency in range a range of 0-70 kHz for different 

weight percentage of nano-filler measured by impedance 

spectroscopy. At low frequency region (0-10 kHz), the value 

of relative permittivity is drastically decreased. However, a 

constant value of relative permittivity is achieved when 

frequency start to reach 25 kHz. The measured values are 

8.18, 7.12, 6.92, 7.22 for nano-filler loading of  0.0, 1.0, 2.0 

and 3.0 wt%. 
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Figure 4:Plot of dielectric constant versus frequency at different weight 

percentage nano-filler 

 

The graph shows that as the nano-filler loading increases, 

the relative permittivity decreases. As reported by Zhao et.al, 

the value of relative permittivity is morphology dependent, 

suggesting that the increasing in surface roughness leads to 

the formation of low relative permittivity films [10].Besides 

that, the reduction in the relative permittivity is also due to 

films porosity [11]. 

C. Surface Topology and Morphology 

Table 1 shows the thickness of nano-filler MgO films 

deposited using different weight percentage of MgO nano-

filler. The thickness of the films was measured by surface 

profiler (VEECO). As summarized in table 1, greater weight 

percentage of MgO nan0-filler resulted in thicker MgO films. 

The thickness of MgO films with 0.0 -3.0 wt% nano-filler 

increases from 140.76 nm to 1054.07 nm. As suggested by C. 

Ye et.al, increases in the thickness of films is due to increases 

of growth rate of film [12]. 

 
TABLE 1 AVERAGE THICKNESS NANOFILLER MGO THIN FILMS   AT   

DIFFERENT  NANO- FILLER LOADING RATIO 

 
Weight Percentage (wt%) Average of Thickness (nm) 

0.0 140.76 

1.0 359.10 

2.0 680.15 

3.0 1054.07 

 

       Figure 5 shows the topology and structural properties of 

deposited MgO films using different nano-filler loading ratio. 

As can be seen in figure 5, the roughness of MgO films is 

increased with increasing of Mgo nano-filler weight 

percentage. The roughness value of MgO films for 0.0 wt%, 

1.0 wt%, 2.0 wt% and 3.00 wt% are 6.812, 15.283, 9.299, 

9.938 nm respectively. As reported by Thomas Andritsch, the 

size of agglomeration tends to increase with increase the 

MgO  nano-filler content that will subsequently form rougher 

film [13].It is also suggested that the incomplete penetration 

of MgO nano-filler  increase the roughness of  MgO film 

[14]. 

 

 
 

 
 

 



 
 
Figure 5:AFM and FESEM image of MgO film at different nanofiller of (a) 

0.0  wt% (b) 1.0 wt% (c) 2.0  wt% and (d) 3.0 wt% 

 

The FESEM images in fig.5 shows that the MgO films 

without nano-filler produced small particles with some 

porosity. However, the addition of MgO nano-filler at 1.0 

wt% resulted in larger particle size, uniform and nonporous 

in structure. Nevertheless, as the nano-filler loading reached 

2 wt%, the surface morphology become rougher, large grain 

boundary and high in porosity. Thus it is suggested that these 

MgO films are not suitable for capacitor application due to 

high porosity. As reported by Dong Tang et.al, when the 

MgO nano-filler increases, the MgO films were relatively 

compact. The nitric acid which acts as stabilizer cannot 

stabilize the MgO particle growth and increase the porosity 

form [15].  

IV. CONCLUSION 

MgO films at different MgO nano-filler weight percentage 

loading have been grown successively on glass substrates 

using sol-gel spin coating method. The MgO films with nano-

filler loading leads to the variations of electrical, relative 

permittivity and morphology properties of MgO films. The 

best prepared MgO film was at 1.0 wt% where particle size 

and thickness of MgO films are 64.4 nm and 359.10 nm. The 

value of the resistivity and dielectric constant of MgO thin 

film at 1.0 wt% is 170 x103 Ώ.cm and 7.25 respectively. It is 

also good in morphology which are uniform, small particles 

(64.4 nm) and less porosity which good for capacitor 

application. 

V. FUTURE RECOMMENDATION 

In the future, the development of MgO thin film can be 

improved by using different filler such as polymer or 

ceramic. Besides that, deposition of thin film in multilayer 

form is preferable to enhance the thin film morphology 

properties.   
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