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In this thesis, a composite between  poly (methyl methacrylate) 
(PMMA) with titanium dioxide (TiO2) films were synthesized, 
fabricated and characterized using sol-gel spin coating 
technique. The dielectric, electrical and physical properties of 
PMMA:TiO2 nanocomposite films was were investigated, to be 
used as the dielectric layer in the metal-insulator-semiconductor 
(MIS) device and organic field effect transistors (OFET) 
application. The goal of this study is to enhance the dielectric 
properties of PMMA with the influence of TiO2nanopowder 
(high-k) material in the PMMA. Another goal is to overcome the 
leakage current (tunnelling current) and high operating voltage 
in MIS and OFET devices. PMMA:TiO2 nanocomposite dielectric 
films deposition parameters were optimized resulting in good 
dielectric, electrical and physical properties. Results from the 
parameter optimization showed that the dielectric properties of 
PMMA:TiO2 nanocomposite film, which is focusing on the real 

Essential oil is the volatile extracts of botanical material and it is 
being used to promote health and human well-being because of 
its therapeutic effect. Essential oil is commercially extracted using 
distillation method which requires heat in order to break the oil 
glands during the process. Unfortunately, the oil quality obtained 
using this method is uncertain because chemical compounds in 
the oil are exposed to decomposition or transformation at high 
temperature.  Hence, this research proposed a novel approach 
of closed-loop temperature control using a new self-tuning fuzzy 
fractional-order PI (FOPI) controller to realize low temperature 
essential oil extraction for a hydro-steam distillation process. 
The controller will regulate the steam temperature at a desired 
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permittivity, ε’, imaginary permittivity, ε’’ and capacitance were 
improved. The real permittivity, ε’ of PMMA:TiO2 nanocomposite 
film was 12 and 10 measured at 1 kHz and 1MHz, respectively. 
These valuesare higher than pure PMMA film which was 4.6 
and 2.9, respectively measured at the same frequency. The 
capacitance value for PMMA:TiO2 nanocomposite film increased 
drastically from 296 pF/cm2 (for pure PMMA) to 457 nF/cm2. 
The leakage current density for PMMA:TiO2 nanocomposite 
film was ~ 10-8 A/cm2 under small electric field of 0.25 MV/cm 
is due to the addition of TiO2 nanoparticles. Metal-insulator-
semiconductor (MIS) structure was used to investigate the 
compatibility of PMMA:TiO2 nanocomposite film to be used as 
dielectric layer with ZnO and P3HT semiconductor layers. The 
capacitance-voltage (C-V) characteristics indicated that density 
of interface of trapped charge was found to be 9 x 109 eV-

1cm-2. In addition, the MIS exhibited leakage current of 10-6 A/
cm2 at 1V and relatively high breakdown voltage (2.05MV/cm). 
Small hysteresis was observed in C-V and I-V characteristics 
which were associated with ion drift and polarisation of the 
PMMA:TiO2 nanocomposite dielectric film. Finally, OFET 
devices with PMMA:TiO2 nanocomposite as gate dielectric were 
demonstrated. The OFET performance proved that PMMA:TiO2 
nanocomposite dielectric films were compatible with organic 
and inorganic semiconductors. Low threshold voltage, VTH was 
obtained for n-type and p-type OFET was around 2 V and -3 
V respectively, due to the increment in the ε’ and capacitance 
value of the PMMA:TiO2nanocomposite dielectric film. The 
fabricated OFET using PMMA:TiO2 as dielectric layer showed 
almost comparable characteristics reported by other researcher.

level to protect the oil from excessive heat. FOPI control 
technique is still at its infancy but the efficiency of the controller 
had been acknowledged by many researchers globally. FOPI 
controller is a generalized form of PI controller whereby it 
provides more degree of freedom that can guarantee better 
performances relative to the integer-order PI with the same 
controller parameters. Unfortunately, this characteristic leads 
to a more complex tuning methodology. Self-tuning capability 
of fuzzy rules was found to facilitate this issue satisfactorily 
using only information about the output error and rate of the 
output error. The control performances were evaluated on a 
hydro-steam distillation process under set point change and 
load disturbance tests. The proposed controller was found to 
produce less overshoot and better steady-state response under 
both conditions compared to PI, FOPI, self-tuning fuzzy PI, and 
self-tuning PID pole-placement controllers. Essential oil quality 
assessment was also performed on citronella oil samples that 
were extracted at 85ºC and 100ºC. Some differences had 
been observed in the sample extracted at lower temperature 
which produced lower refractive index and lower composition 
in citronellal but higher composition in citronellol and geraniol 
based on Gas chromatography – Mass spectrometry (GC-MS) 
analysis. This results show that the improvement proposed 
in this research is feasible towards improving the quality of 
essential oil extracted using hydro-steam distillation process.




