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Abstract. OFET have attracted industries interest due to its vast variety of applications. 
Therefore, in this research the effect of various synthetic porphyrins concentration and gap 
distance towards the electrical properties were studied. Both 2, 3, 7, 8, 12, 13, 17, 18 -
Octaethyl- 21H .23H- porphine Cu(II) (Cu-porphyrin) and 2, 3, 7, 8, 12, 13, 17, 18- Octaethyl 
- 21H .23H - porphine (porphyrin) were diluted into chloroform with concentration of 0.1 
mg/ml, 0.5 mg/ml, 1.0 mg/ml, 5.0 mg/ml and 10.0 mg/ml. These organic thin films were formed 
through drop casting method. The solution will drop casted on top of aluminum electrodes 
acting as source and drain. The aluminum source and drain were deposited on top of a glass 
substrate through thermal evaporation and the gap size of these source and drain were prepared 
through photolithography. The gap distance between source and drain varied from 150 J.lm to 
700 J.lm. Surface of the drop casted devices were observed through scanning electron 
microscope and electrical properties were characterized by using current - voltage test. The 
present of central metal in porphyrin ring will greatly affect the redox and electron transfer of 
the porphyrins. Therefore, Cu-porphyrin showed higher electrical properties compare with 
metal-free porphyrin. Drying time plays an important factor for the arrangement of the organic 
macromolecule. Longer drying time will let the organic molecule to arrange themselves before 
the solution dry up. The results showed that Cu-porphyrin with concentration of 0.5 mg/ml has 
the highest electrical conductivity compared to the other concentrations due to the molecular 
packing of the organic thin film. Electrode distance did not bring much affect to the electrical 
properties of the device. Drop casting method has been selected because the amount of material 
needed for the device fabrication is lesser compare to the device fabricated using spin coating 
method. 

Introduction 

Organic semiconducting materials are being extensively studied for the fabrication of the 
organic semiconductor devices due to its low cost and high flexibility as compare with 
inorganic-based devices. Organic materials offered several advantages, such as inherent 
compatibility with plastic substrates, flexibility, and amenability to low-cost and low­
temperature processing methods such as melt processing, printing, and solution deposition [1]. 
Therefore, organic devices would be an alternative to standard micro- and optoelectronic 
devices, such as diodes, transistors, LEDs, lasers and sensors [2]. Generally, organic 
semiconductors are classified into acene- and/or thiophene-fused aromatic compounds, 
oligothiophenes and their co-oligomers, polythiophenes, aromatic bisimides, metal 
phthalocyanines, fullerenes, and tetrathiafulvalene (TTF) derivatives [3]. In order to achieve 
good OFET performance organic semiconductor should possess large conjugated 7t-system, high 
purity chemical, good film forming properties and good intermolecular electronic overlap. 



Porphyrins are one of the famous materials which have been widely used as dye materials and 
sensor applications. These macromolecules have a stable aromatic system. They tend to be 
stable and the redox chemistry is reversible under appropriate condition [4]. The core structures 
of the macromolecules have 11 n-bonds. Porphyrin materials outfit as one of the best 
candidates for organic transistor due to its strong n-n stacking and strong metal ligand 
coordination for the metalloporphyrin [5, 6]. Therefore, metal-free and metalloporphyrins have 
been selected for the fabrication of the organic devices. The effect on various solution 
concentrations and gap distance in between two electrodes towards the electrical properties of 
both porphyrins devices were study. There are various techniques used to deposit organic 
semiconductor on substrate in OFET. In this research work, drop-casting technique was used 
due to its economical, simplicity, and ease for up-scaling. This technique is also suitable for low 
solubility polymers. Drop casting technique which is a relatively slow drying process, able to 
reduce the materials consumption because the entire solution droplet evaporates to the final 
polymer film. 

Experimental 

All reagents used in this research were analytical grade. Both 2, 3, 7, 8, 12, 13, 17, 18 -
Octaethyl- 21H .23H- porphine Cu(II) (Cu-porphyrin) and 2, 3, 7, 8, 12, 13, 17, 18- Octaethyl 
- 21H .23H- porphine (porphyrin) were diluted in chloroform with concentration of0.1 mg/ml, 
0.5 mg/ml, 1.0 mg/ml, 5.0 mg/ml and 10.0 mg/ml. An aluminum source and drain with the 
thickness of 100 nm were deposited on top of the cleaned glass substrate through thermal 
evaporation and the gap distance of these metal electrodes were prepared through 
photolithography. Then, the porphyrin solutions were drop-casted on top of the aluminum 
electrodes, forming a layer of organic thin film. Gap distance of the aluminum source and drain 
were measured using optical microscope (OM). Scanning electron microscope (SEM) was used 
to analyze the surface morphology of the organic thin film. Finally, electrical properties of these 
organic devices were characterized using current-voltage (I-V) test. 

Results and Discussions 

Electrical Properties 

Fig. 1 shows I-V test results on different concentration ofCu-porphyrin and porphyrin with gap 
distance of 630 !Jill and 160 !Jill respectively. Both solutions with the concentration of 0.5 
mg/ml gave the highest current value at the voltage of 5V. However, the current values of 
porphyrin devices are much lower compared with the Cu-porphyrin devices. 
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Fig.1 I-V curves of a) Cu-porphyrin with gap distance of0.63 mm, and b) porphyrin with the 
gap size of0.16 mm. 

Fig.2 revealed the overall electrical results of Cu-porphyrin and porphyrin devices drop 
casted using 0.5 mg/ml solution with varying gap distances. The gap distance between source 
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and drain varied from 160 f.!m to 700 f.!m. The results proved that Cu-porphyrin with gap 
distance of 630 f.!m and porphyrin with gap distance of 160 f.!m, show the highest current value 
at 5V as to compare with the rest of the gap distances. Cu-porphyrin devices with larger gap 
distance (Fig.2a) showed a better electrical result. However, the current values of the electrical 
result for gap distance 0.16mm until 0.56mm are close compared to the electrical value for gap 
distance 0.63mm and 0.70mm. Drop casting method is not easy to fabricate a uniform thin film. 
Therefore, this incident happened. Fig. 2b with the 0.5 mg/ml porphyrin devices shows the 
devices with 0.16mm gap distance have much higher current value. The current value rest of the 
devices with different gap distance, from 0.25mm until 0.70mm remain almost the same. This 
also might due to the non-uniformity of the organic thin film. This proves that the gap distance 
of the device does not affect much towards the electrical properties of the device. 

a) 
10-r b) 1e-8 

10-8 
1e-9 

-?--~·=::::..:=~=--=::.~~-=:, 

~
, (7'/_.- ,--------,---, i 1e-10 

7· -- 0.70mm 

II 
1 ··················· 0.63mm a 

------ 0.58rnm 
0.49mm 1 e-11 /I 0.37mm 

1 0.25mm 
10-11 

---- 0.16mm 

10-12 +-~-~-~--,----I,==T===ro=o!J 
-1 0 2 3 4 5 6 

-------------/ 

/ ------ --=-..;:.=--==---=-= 
{/··*;;:-~ .. --~ ... g:~~: 
r ------ 0.56mm 
J . ---- .. -- · 0.49mm 
1, 0.37mm 

0 2 3 4 

0.25mm 
0.16mm 

5 6 

Voltage (V) Voltage (V) 

Fig. 2 1-V curves of a) 0.5 mg/ml Cu-porphyrin, and b) 0.5 mg/ml porphyrin 

The current value for both Cu-porphyrin and porphyrin devices with the fixed gap 
distance of 630 f.!m and 160 f.!m respectively at the operating voltage of 5V are summarized at 
Table 1. From the table, the devices casted with Cu-porphyrin have higher conductivity 
compare to the devices casted with the solution of porphyrin. The current value drop as the drop 
casting solution concentration increase to above 0.5 mg/ml and the current value for both 
solutions remain almost the same as the drop casted solution with the concentration of 1.0 
mg/m1 to 10.0 mg/ml. This is caused by the arrangement of the organic molecules which have 
sufficient time to rearrange themselves accordingly and form as organic thin film with high 
degree of crsytallinity before the solution drying up [7]. 

Table 1 Current value of Cu-porphyrin and porphyrin at varying concentration with the specific 
g d. t d f It f 5V ap IS ances an opera mg vo age o 

~ 0.1 0.5 1.0 5.0 10.0 
) 

e Current Value, I (A) 
Cu-porphyrin 

1.82x10-09 2.53x10-08 1.17x10-10 1.01x10-10 1.15x10-10 
*Gap distance = 630 J.LID 

Porphyrin 
8.66x10-11 1.75x1o-9 1.39x10-10 1.55x10"10 1.56x10"10 

*GI!I!_ distance= 160 J.LID 

Fig.3 showing the bar charts of 1-V test results for both porphyrin with varying organic 
concentration and gap distance at the voltage of 5V. As refer to Fig. 3a, Cu-porphyrin with the 
concentration of 0.1 and 0.5 mg/ml give a more significant value of current compared to the 
others concentration. The reason is the Cu-porphyrin has good intermolecule interaction where 
contact resistance was found higher with thicker film [8]. As a result, the current value 
decreased. However, the uppermost current value falls at the concentration of 0.5 mg/ml with 
the gap distance of 630 Jlm. Cu-porphyrin devices which casted with concentration of 0.1 
mg/ml produced results which explained the effect of gap distance and current value at the early 



stage. This proved that the larger the gap distance between source and drain, the higher the 
current value. However, the current values of the devices drop when the gap distance value 
greater than 490 J..Lm. Based on research done by Gupta and Hong [9] using pentacene, the 
mobility drop when the thickness of the pentacene layer was above 35nm. Furthermore, Cu­
porphyrin devices drop casted with the concentration of 0.5 mg/ml having constantly increasing 
current value with increasing gap distance up to 630 J..Lm. The Cu-porphyrin devices with the 
concentration above 1.0 mg/ml shows low current value as compare to 0.1 mg/ml and 0.5 
mg/ml. At low solution concentration, these macromolecules able arrange accordingly more 
freely and form a better crystallinity thin film. As portrayed in Fig. 3b, the highest current value 
is obtained for porphyrin devices drop casted with concentration of 0.5 mg/ml with the gap 
distance of 160 J..Lm. In addition, porphyrin devices also contribute to the high current value 
when the devices are drop casted with the concentration of 5.0 mg/ml. As a comparison for both 
of these porphyrin drop casted devices, Cu-porphyrin devices exhibit a higher current value as 
compare to metal-free porphyrin, due to the metal-to-ligand charge transfer [10]. By referring to 
Fig.3, the gap distance does not contribute much effect towards the electrical properties of the 
organic devices, however, the concentration of the solutions play a major role to the electrical 
properties of the devices due to the crystal formation of the organic thin film. The reason is the 
lower the solution concentration, the longer the drying time and the organic molecules will have 
enough time to arrange themselves to form a better crystal thin film. 
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Fig. 3 Bar chart showing the 1-V results for different concentration of a) Cu-Porphyrin and b) 
Porphyrin solution at 5 V. 

Surface Morphology Using SEM 

With refer to SEM image in Fig.4, the circular shape constituents are the Cu-porphyrin. The 
amount of the constituents increased proportionally with the concentration of the Cu-porphyrin 
thin film. The higher the concentration of the organic solution, the amount of constituents seen 
is more. From Fig. 4a, it shows that Cu-porphyrin is well coated on the surface of the glass 
substrate. Through observation using SEM, there are very few small rings shape constituents 
present, which identified as the crystal Cu-porphyrin, which formed during drop casting 
process. At low concentration, the droplet of the drop casting solution will have longer time to 
dry up as compare to the solution with higher concentration. This will further allow the organic 
materials to arrange themselves and form into a better quality of crystalline thin film [1, 11]. As 
the concentration increased from 0.1 mg/ml to 0.5 mg/ml, Fig. 4b shows that the amount of 
small crystal ring formation present on top of the glass substrate is a lot more and well dispersed 
compare with the crystal ring formation as shown in Fig. 4a. Therefore, Cu-porphyrin thin film 
form through 0.5 mg/ml solution concentration does show better electrical properties as 
compare to Cu-porphyrin thin film form through 0.1 mg/ml solution concentration. With refer to 
Fig. 4c, the flakes growing bigger as compare to the flakes show in Fig. 4b. The number of 
flakes reduces as the concentration of the drop casted solution increase to 1.0 mg/ml. This 
condition is more obvious when the drop casted solution concentration increase to 5.0 mg/ml 



where the number of flakes present is lessen (Fig. 4c ). Meanwhile, there are crystals which 
present in rod shape as concentration of the drop casting Cu-porphyrin solution increased. This 
happened due to many possible reasons such as strong electrostatic forces between the 
porphyrins molecules, hydrogen bonding, van der Waals, axial coordination, and other weak 
intermolecular interactions [12]. Fig.4a shows the current value of the organic device started to 
drop when the device are drop-casted at concentration higher than 0.5 mg/ml. This important 
finding proves that the performance of the device reduced due to poor thin film formation [13]. 
This indicates that the Cu-porphyrin have stronger interaction between molecules itself. 

30um 30um 30um 30um 

Fig.4 SEM image shows Cu- porphyrin with the concentration of a) 0.1 mg/ml; b) 0.5 mg/ml; c) 
1.0 mg/ml and d) 5.0 mg/ml was dropped casted on top of a glass substrate. 

Porphyrin has strong conjugated n-system which may cause this macromolecule to 
aggregate [14]. Fig. 5 indicates that the formation of these flakes become larger as the 
concentration of the drop casted solution increases. As the comparison between Fig. 5c and Fig. 
4c, porphyrin tends to form a larger piece of crystal as compare with Cu-porphyrin. Therefore, it 
reveals that porphyrin conductivity keep on increasing as the concentration of the drop casted 
solution increase until reaching 5.0 mg/ml. However, Cu-porphyrin conductivity decreases as 
the drop casted solution increase to above 0.5 mg/ml. Cu-porphyrin devices have higher 
conductivity as a result of the present of copper atom at the centre of the porphyrin core 
structure. In order for these organic materials to have higher electrical conductivity, it must have 
better crystal · and better all~~Lent 

30Uffi 
Fig.5 SEM image showing porphyrin with the concentration of a) 0.1 mg/ml; b) 0.5 mg/ml and 
c) 1.0 mg/ml was dropped casted on top of a glass substrate. 

Conclusions 

The effects of Cu in porphyrin thin film, concentration of the organic materials on surface 
morphology and leakage current have been studied. Cu-porphyrin and porphyrin at 
concentration of 0.5 mg/ml showed the highest current value at 5 V with gap distance of 630 
f.lm and 160 f.lm, respectively. Current value for both Cu-porphyrin and porphyrin were 
2.53x10-8 A and 1.75x10-9 A, correspondingly. Cu-porphyrin is a better choice to be used as the 
organic thin film because it enhanced the electrical properties of the device as compare to metal 
free porphyrin. The reason is Cu-poprhyrin thin film drop casted with low solution 
concentration is able to form a better crystal thin film due to the strong metal-ligand interaction 
in between the organic molecule and the metalloporphyrin will normally have better charge 
transfer as compare with metal-free porphyrin crystal formation of the Cu-porphyrin thin film. 
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Organic field-effect transistors (OFETs) have attracted attention 
n due to their ease of solution-processable at low temperature and low 
18 cost.1

-
5 With these advantages, OFETs play an important role in ap-

19 plications such as electronic bar codes or active matrix elements for 
20 displays with minimum required mobility of 0.1 to 0.5 cm2N s~ 
21 and gate voltage in the range of 20 to 80 V, which is higher than the 

threshold voltage of an OFET. 9 Threshold voltage reflects the min­
imum gate voltage applied to make the charge to be mobile in an 
OFET10 and threshold voltage close to zero is generally preferable 
since large gate voltage is not required to switch on the device.6 Be­
sides the advantages mentioned above, organic electronics research 
began to investigate on natural materials due to their biodegradable, 
biocompatible and environmentally friendly properties. Various nat­
ural materials are being investigated and introduced 
electric and semiconductor in organic electronic dev 

31 ral materials which have been introduced as substrate 
32 sugar, leather, silk, 12 hard gelatin, Ecoftex,13 paper, 14

• 

co-glycolide) (PWA),16 nanocellulose paper,17 and 
sides, nucleobases, 12 sugar, deoxyribonucleic (DNA). 
fibroin, 20.2 1 and chicken albumen19 are reported as 
the vast majority of natural mat1 
are a few examples of natural 
in organic electronics, 
phenazine, terpenoid 
brilliant orange RF, 12 

41 summary those natural 
organic electronics. 11 

Recently, benchm 
acting as an active 
mobility 
then-1 

fullerenes (C..,) 
t reported 
voltage of 

semiconductor and 
ke of material, de­

electrodes (gate, source, 
electrodes and semiconductor 
mobility of the n-type OFETs 

dielectric material, 27 deposition meth­
dielectric layers,7 and interface between 

·.c layers.27 

n Cro usually coupled with conven­
materials, namely, benzocyclobutenes 

"' (BCB),28 aluminum oxide/BCB (Al20 3/BCB),"' parylene-C,30 tanta-
lum pentoxide (Ta20 5),31 A}z03 ,32 polyvinyltoluene (PVT);B silicon 
dioxide/zirconium·silicon oxide/silicon dioxide (Si02/ZSO/Si02),34 

Si02/poly(methyl methacrylate) (PMMA),35 polyimide,36 and Si02.
37 

The reported mobility values of those OFETs are in the range 
61 of 6.6 x 10-7 to 6.0 cm2N s. The synthetic dielectrics mentioned 

above are deposited by spin coating with post thennal cured, 28 atomic 

zE-mail: cheong@cng.usm.my 

processing conditions of BCB and 74 

mobility of the OFET.44--46 Therefore, 75 

dielectric matefials that are solution-processable at low temperatures 76 

must be developed in order to replace the conventional synthetic di­
electric materials that need high deposition and/or post-deposition 

essing temperature.47 
•
48 Thus, there is a growing interest in devel-

:g ann-type OFET based on C60 with natural dielectric because of 
low cost, solution deposition and low temperature process. Chang 81 

et al:N developed an OFET with chicken albumen as the natural di- 82 

electric that cured at 80 to 140 C and deposited by spin coating tech- 83 

nique with mobility of 0.13 cm2N s. As an alternative, commercially 
produced Aloe vera has also been investigated as a natural dielectric as 
material for electronic application. 50 In that particular study, current­
voltage characteristic and structural property of the dielectric layer has 
been reported but not the OFET characteristics. Referring to the en­
couraging results in Refs. 50 and 51, in this study, naturally extracted es 
and lab-processed Aloe vera has being used as the gate dielectric of an 90 

n-type C 60 OFET that is screen-printed on a glass substrate. In order 91 

to improve on the dielectric property and compatibility with Cro layer, 
silicon dioxide nanoparticles (Si02 NPs) has been incorporated in the 
natural Aloe vera layer. The characteristics of this combination either 
as a stand-alone dielectric or as an incorporated layer in an OFET have 9s 
yet been reported. Therefore, in this study, the OFET characteristics 96 

of this combination have been reported using a test structure that has 97 

been produced via a simple and low processing temperature method. 

Experimental 

Bottom-gate and top-contact OFET was fabricated on a glass sub­
strate. Mixture of extracted natural Aloe vera paste (20 g) from fresh 101 
leaves with 1.5 wt% of Si02 NPs, acquired commercially from Sigma 
Aldrich, 5 1 have been used as dielectric material. Glass substrates with 
1 x l-cm2 area was cleaned using ethanol and de-ionized water in 
an ultrasonic bath and dried in an oven at 100 C for an hour. Then, a 
100-nm thick aluminum layer acting as gate electrode was evaporated 
(AUTO 306) on the glass substrate. The extracted natural Aloe vera 
with 1.5 wt% Si02 NPs, acting as the gate dielectric, was then screen 
printed on top of the aluminum. The screen printing mask was used 
so that the thickness of the printed dielectric layer can be uniform. 110 
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Figure 1. Schematic of the cross-sectional view of the test structure. 

The printed dielectric was dried at room temperature for 30 min be­
fore the mask was removed. The sample was further dried at room 
temperature for another 24 h. The solidified natural Aloe vera with 
1.5 wt% Si02 NPs on aluminum layer was additional dried in an oven 
at 40'C for 30 min in order to accomplish cross-linked reaction in 
the natural Aloe vera. After that, a 250-nm thick of C60 with 99.9% 
purity (Sigma-Aldrich) was thennally evaporated as received under 
high vacuum (4 x w-s mbar) onto the 226 ± 2 nm thick dielectric 
layer. Finally. an array of aluminum, with area of0.64 mm2 each, was 
thermally evaporated through a shadow mask on top of the 
doctor layer. The array of metal served as top-contact el< 
the device. The channel length (L) and width (W) were 0.0 
0.79 mm, respectively. Schematic of the OFET with relat' 
sions are shown in Fig. l. Output and transfer ch 
the OFET were performed using a computer coot! 
doctor Parameter Analyzer (Agilent 4156C) at room 

121 capacitance-voltage characteristic was measured bv a 
ilent 4282). The surface energy of 
the similar layer with blended 
technique with deionized 
(Sigma-Aldrich and 
contact angle 
by agonin-• 
software 

Aloe vera paste is a suit­
•n. This work further fab­

to investigate the workability of the 
. However, the study shows C60 and 

incompatible due to their large differ­
= -23.6%); with Coo and natural Aloe 

_ _ having surface energy of 43.8 mJ/m2 and 
57.3 mJ/m2. Here, fl. y = ys - yd; where ys is the surface energy 
of Coo and yd is the surface energy of dielectric layer. To further 
enhance the compatibility of the natural Aloe vera and C60 layers, 
1.5 wt% of Si02 NPs was blended into the natural Aloe vera paste. 
The surface energy of the blended dielectric layer has been reduced 
from 57.3 mJ/m2 to 38.9 mJ/m2. With the combination of 4o layer 
deposited on tbe blended dielectric, the magnitude of l'!.y ( = +I 1.2%) 
has been reduced more than 50% and the surface energy of blended 
dielectric layer is lower than that of C60 . The reduction of the surface 
energy is due to the interactions of natural Aloe vera molecules with 

Si~ NPs molecules. The addition of Si02 NPs tend to we 
intermolecular bond among the Aloe vera molecules52

•
53 by 

the strong hydrogen bond between the Aloe vera molecules : 
NPs molecules. 52 There are two advantages of this design. Fil 
predicted that the formation of Coo layer is following Volmc 
mode with initially island of C60 being fonned and later a co 
layer would be achieved with relatively thick dimension. 54 Ttl 
the organic semiconductor (C60) layer, the I 
charges can be transported due to efficient 
Hence, increases the mobility of an OFET. 55 

typical thickness of C60 in OFETs is in the 
with thicker the thickness; higher the t 

thickness (250 nm) of Coo being used · 
justifiable. Secondly, the molecular st 
served without much distortion during 
force of those molecules withi - · 
together. If the cohesion force 
establish bondings between 

f the indicatm 
,f ll.y as what 
' of force, th< 

In order to 
besion and 
l'!.y. !tis 
explai 
value but not equal t< 

by combining th1 
C60 layers. As the lc 

from 1.5 wt% to 0 wl 
recorded. It shifted !'!. y tc 

increases beyond 1.5 wt% 
a result, the fl. y value incre 

vera blended with 1.5 wt% of: 
layer. have dlllfilyed better dielectric properties; i.e., lowe 
current density and higher dielectric constant than natural , 
without Si02 NPs.51 Therefore, in this work, the optimun 

1.5 wt% of Si02 NPs has been used as the gate dielectr 
-based OFET. 
Previous research works on OFET device have reporte 

suit of effective mobility, threshold vollage, on/off current 
sub-threshold swing were affected when the device was ex 
atmospheric conditions. 7 To investigate the OFET perfonna 
mospheric conditions, in this work, the output and transfer c 
istics were measured twice. One measurement was done im1 
after the OFET was fabricated and the other measurement W<l 

the same test structure using similar measurement set up aJ 
exposure to atmospheric condition for 14 days. During the 
the device was kept in a clean container to prevent contamin; 
the device. The output characteristics of those two mea~ 
are shown in Fig. 2. Based on the results, the device sho1 
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FigUI'e 2. Output Characteristic of Ct,o-based OFET (open symbo 
measurement performed on as-fabricated test structure and elm 
indicates measurement obtained after 141h day). 
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Table I. Comparison of output current measured from a. 
fabricated OFET (1st day) and OFET exposure to open air for 
14 .. days. 

Output current (A) 

Gate voltage t• day 14 .. day Different Percent% 

40V 3.47 x w-5 3.09 x w-5 3.80 x w-6 11.0 
30V 3.04 x w-5 2.34 x to-6 2.st x w-5 92.4 
20V 1.96 x to-5 1.78 x to-5 t.so x w-6 9.2 
lOY t.4o x w-5 7.80 x w-6 6.20 x w-6 44.3 
OV 2.00 X 10-6 1.04 x w-7 t.90 x w-6 95.0 

204 output characteristics even though it was measured in open air with­
out any encapsulation or passivation. The test structure measured at 
14th day shows a minor shift with decreasing of current in a range of 
9.3% to 94.8% with the increment of gate voltage from 0 V to 40 V 
(fable I) when compared to the measurement recorded on the as­
fabricated test structure. 

To further establish performance of the OFET, effective mobility 
(iJ.), threshold voltage (Yr). on/off cunrent ratio (l..lioff), and sub­
threshold swing (S) in the saturation regime of the transfer charac­
teristics (Figs. 3 and 4) from the two measurements were extracted. 
Extrapolation method on the SQRT(i0 )-V0 curves (Fig. 3 and 4) has 
been used to extract the threshold voltage. This method consists of 
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Figure 4. Transfer characteristic of Cro-based OFET with V 08 = 40 V, 
measured at 14th day. 
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current, V G is the gate voltage, and C is the 
~a. 7 Capacitance of the dielectric was measured 
an Al!natural Aloe vera blended with 1.5 wt% 

structure, and found to he ----6.86 pF/cm2 at 1.2 kHz 
(Fig. 5). In addition, dielectric constant (k) value was calculated by 
fitting the data into Equation 2, 

C = (k<,A)/1 [2] 

Eo is the electric constant (8.854 x w- 12 Fm-1), A is the area 
of the electrode (4.9 X 10-S m2 ) and tiS the thickness of the dielectric 
layer. The extracted parameters of the OFET with two measurements 
perfonned at different time are summarized in Table II. 

The effective mobility measured on as-fabricated test structure is 
1.110 cm2N s but after 14th days the mobility has dropped approxi­
mately 40% to 0.669 cm2N s. But these values are still higher than 
that being reported previously which used albumen as gate dielectric 
(0.13 cm2N s).49 Albumen sample has lower mobility, this may due 
to the k value of albumen sample (k = -5.3--6.1)49 which is higher 
than natural Aloe vera samples (k = 3.6). High-k dielectric layer 
may enhance charge carrier localization in semiconductor layer~62--66 
in contrast low-k value in dielectric may reduce charge carrier local­
ization in semiconductor layer, i.e., at the interface between layers of 
organic dielectric and semiconductor interface and may lead to high 
mobility.62

•
67 --69 Although the contact resistance is one of the factors 

which may affect the mobility of the device, in this work, the resistance 
is considered as a constant. This is because throughout this study, the 
samples did not undergo any post-deposition treatment to reduce re­
sistance of the contact. The reason is to avoid any additional effect, in 
particular using relatively high temperature treatment in certain am­
bient to improve the contact resistance that may change the quality 

Table IL Summary of the electrical parameters measured from 
as-fabricated OFET (1st day) and OFET exposure to open air ror 
l4tb days. 

Properties JSt day 14th day 

Effective mobility,~ (cm2N s) l.llO 0.669 
Threshold voltage, VT (V) 0 7 
Current on/off ratio, lootoff to' 10" 
Sub-threshold swing, S (V/decade) 4.56 1.31 
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"' 
'" 

of dielectric and semiconductor layers. Besides, the threshold voltage 
has been increased from 0 V to 7 V after 14"' days of exposure. The 
value measured from as-fabricated test sttucture is comparable to the 
value reported in Ref. 49 (1.5 V). The values of threshold voltage and 
effective mobility are degraded over time due to increment of electron 
being trapped in either C60 or interface of 4o and dielectric; as the test 
structure is being exposure to open air, moisture or oxygen molecules 
can be easily diffused.60 The oxygen molecules from the moisture 
act as traps that decreased the mobility and as electron acceptors that 
increased the threshold voltage.70 Moreover, a large number of ex­
periments have found that oxygen molecules which act as electron 
traps/electron acceptors thereby directly degraded the mobility of the 
samples.71

-
13 With this trapping of electron, values of current on/off 

ratio and sub-threshold swing are actually improved over time. The 
fanner parameter increases an order of magnitude, which is prefer­
able for organic memory application. 74 The much reduction of sub­
threshold swing value indicates the reduction of interface trap density 
between c60 and dielectric. 7 With these, it has been demonstrated that 
natural Aloe vera blended with Si02 NPs have huge potential to be 
used as gate dielectric in OFET. 

Conclusions 

This work had utilized natural Aloe vera blended with 1.5 wt% of 
Si02 NPs as a dielectric layer in C.,-basedn-type OFETs. The blended 
dielectric layer was screen-printed on a glass substrate followed by 
thermally deposition of c60 as a semiconductor layer with bottom-gate 
and top-contact structure. The OFET characteristics had been studied 
at atmospheric condition. The design of Coo and blended dielectric 
layers in the OFET had been justified using surface energy concept. 
The produced OFET revealed an effective mobility of 1.110 c 
s with zero threshold voltage. After 14 days of exposure in an 
air, the parameters reduced but on/off current ratio and sub-thres 
swing had improved significantly. 
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Development of Organic Semiconductor Thin Film 

ABSTRACT 

In this study, three types of organic materials have been investigated with 
respect to their electrical, structural, and chemical properties. The three materials were 
porphyrin, poly[2-methoxy-5-(2' -ethy,lhexyloxy)-1 ,4-phenylenevinylene] (MEH-PPV), 
and liquid crystal dimers bis{2-alkyl-(S)-(+)-2-(6-[4-4-decyloxyphenylazo)­
benzoyloxy]-2-naphthyl)propinate} (azo). In order to understand their performance, 
fullerene (C60) material has been used as a benchmark. The materials were deposited on 
glass or Si substrate, fabricating it into capacitor, memory, or transistor (OFET) 
structure for electrical testing. The effect of various synthetic porphyrins concentration 
and gap distance towards the electrical properties were studied. Both 2, 3, 7, 8, 12, 13, 
17, 18- Octaethyl- 21H .23H- porphine Cu(II) (Cu-porphyrin) and 2, 3, 7, 8, 12, 13, 
17, 18- Octaethyl- 21H .23H- porphine (porphyrin) were diluted into chloroform with 
concentration of 0.1 - 10.0 mg/ml. These organic thin films were formed through drop 
casting method. The gap distances between two electrodes varied from 150 to 700 Jlm. 
The present of central metal in porphyrin ring greatly affected redox and electron 
transfer of it. Therefore, Cu-porphyrin showed better electrical properties. Drying time 
played an important factor for the arrangement of the organic macromolecule. Longer 
drying time may let the organic molecule to arrange before the solution dry up. The 
results showed that Cu-porphyrin with concentration of 0.5 mg/ml has the highest 
electrical conductivity due to better molecular packing. Electrode distance did not bring 
much effect to the electrical properties. MEH-PPV powder was dissolved by 
chlorobenzene in four concentrations (6 to 12 mg/ml). Different weight percentage of 
aluminum (Al) and silver (J\.g}, nanoparticles (0.025 to 0.10 wt%) were incorporated 
into 12 mg/ml concentration of MEH-PPV to form composites layers. 12 mg/ml 
concentration of MEH-PPV is chosen due to its good electrical properties. Results 
indicated that MEH-PPV with Ag nanoparticles gave a better enhancement on the 
electrical performance because the dispersion of Ag nanoparticles was more uniform. 
Liquid crystal dimers azo were being investigated in terms of their thermal and physical 
properties. azo with spacer 7 and 9 (7 azo and 9 azo) had been selected for electrical 
transporting characteristic because of better crystallization formation. However, the 
results did not show an output characteristic and transfer characteristics of an OFET 
device, but showing a dielectric characteristic. azo material was not a semiconductor 
material b~t a dielectric material. 9 azo was more suitable to act as dielectric materials 
than 7 azo because of the length of the spacer which plays an important role in 
determining the arrangement of these ma.cromolecules. C60-based OFET with a 
combination of solution-processable natural Aloe vera blended with 1.5 wt% of Si02 
nanoparticles as a natural gate dielectric. The natural gate dielectric was screen-printed 
on a glass substrate followed by thermally evaporation of a layer of C60 semiconductor 
to form a bottom-gate and top-contact OFET structure. Surface energy concept has been 
used to justify selection of the gate dielectric and semiconductor layers. The OFET 
operates under open air and exhibits an effective mobility and threshold voltage of 
1.110 cm2Ns and 0 V, respectively. After two weeks exposure in air, the parameters 
reduce but on/off current ratio and sub-threshold swing improve significantly. All of the 
three materials being investigated did not performed as good as C60. 



CHAPTER! 

INTRODUCTION 

1.1 Introduction 

Organic semiconductor technology has gainedan increasing research interest due 

to its great promise for large area, low-end, lightweight, and flexible electronics 

applications (Li et al., 2011). Due to their ease of processing and unique physical (i.e., 

electrical, optical, thermal, and magnetic) properties, organic semiconductors can bring 

great opportunities for broad-impact applications requiring large-area coverage, 

mechanical flexibility, low-temperature processing, and low cost. Hence, organic 

semiconductors have appeal for many devices including transistors, diodes, sensors, 

solar cells, and organic light emitting diode (OLED) (Li et al., 2011 ). Figure 1.1 shows 

the broad range of products and technologies inspired by organic electronics. 

Memory 

Power 

Figure 1.1: A broad range of products and technologies inspired by organic electronics 
(Li etal., 2011). 



Before the discovery of electrically conductive properties, polymers were widely 

considered and used as electrical insulators because of their good insulating properties 

they exhibited. In 1977, the discovery of the first highly conductive polymer, 

chemically and electrochemically doped polyacetylene (P-type), was reported (Cui et al., 

2008). The polyacetylene film was oxidatively doped with iodine vapors to induce 

metal-like conductivities (Wiederrecht et al., 2010). The discovery of doped 

polyacetylene has opened an entire new field for polymers and organic materials in 

applications as both conductors and semiconductors (Cui et al., 2008). 

Most polymers are large band-gap insulators. In polymers, carbon is the main 

building unit. The carbon-carbon bonds are primarily single bonds (sp3 hybridization). 

Since all of the four valance electrons form covalent bonds with neighboring carbon 

atoms, it is a saturated compound (Kline et al., 2008). On the other hand, conjugated 

polymers have alternating single and double bonds (sp2 hybridization). This bond 

alternation structure results in delocalized 1r-electrons that give conjugated polymers 

their semiconducting or metallic properties (Kline et al., 2008). The conducting nature 

of conjugated polymers (doped polyacetylene) was discovered by Heeger, MacDiarmid 

and Shirakawa in 1977 (Kline et al., 2008). 

Beside the functionality, conjugated polymers are interested because they are 

solution processible (Robinson et al., 2007). This allows techniques such as spin­

coating, screen printing and ink jet printing that are easily adapted to large substrates to 

be used. The ease of processing and also the desirable mechanical properties make 

conjugated polymers quite attractive for a wide variety of applications including light 



emitting diode (LED) and photovoltaic cells (Amautov et al., 2004). Over the past 15 

years, solutions and suspensions of conjugated polymers have been developed to the 

point where they are manufacturable, as shown by the products such as the organic light 

emitting diodes (OLEDs) used in Philips' electric razor (Kline et al., 2008).There are 

two types of OLED technologies available in the market: active matrix OLED 

(AMOLED) and passive matrix OLED (PMOLED) (Colegrove et al., 2010). Figure 1.2 

shows the OLED shipment and forecast report in the past 11 years. 
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Figure 1.2: The OLED shipment and forecast report in the past 11 years (Colegrove, 
2010). 

In the manufacturing of OLEDs, polymer light emitting diodes (PLEDs) were 

developed. In 1990, PLEDs were first reported using poly(phenylenevinylene) (PPV) as 

the light emitting materials (Amautov et al., 2004). PPV comprises of alternating 

benzene and vinylene units (Murray et al., 2000). Within the class of PPV, poly[2-

methoxy-5-(2' -ethyl-hexyloxy)-1 ,4-phenylene vinylene] (MEH-PPV) exhibits 

characteristics that make it suitable for device fabrication (Arnautov et al., 2004). The 



asymmetric alkoxy side chains allow MEH-PPV to be soluble in common organic 

solvents and hence, can be used in different processing techniques such as dip-coating, 

spin and drop-casting (Amautov et al., 2004) . 

. 
Since there have been considerable advances in polymer design and devices, 

polymer light emitting diodes (PLEDs) are widely considered for commercialization in 

displays. The advantages that PLEDs have over liquid crystal displays are that PLEDs 

do not require a backlight and need fewer or no filters (Hermona et al., 2007). They 

have faster response times which are an advantage for video with an 180° viewing angle 

may be printed and can be made on flexible substrates (Hermona et al., 2007). However, 

to improve the lifetime of PLEDs remains a challenge in this field (Hermona et al., 

2007). 

To enhance the performance of the devices, several studies have been carried out 

on composites made with polymers and nanoparticles. Carteret al. (1997) reported that 

the incorporation of Ti02 and Si02 nanoparticles inside MEH-PPV result an increase in 

current and luminance output. Yang et al. (2007) also reported that by adding in Ti02 

and Si02 nanoparticles into MEH-PPV, the composites show a higher stability in the 

emission characteristics compared to bare polymer film. Beside oxide nanoparticles, 

Leea et al. (2009) reported that the electron mobility inside the MEH-PPV can be 

enhanced by adding in fullerence. 

Besides oxide nanoparticles, metal nanoparticles dispersed in conjugated 

polymers have also attracted many interests from researchers. The adding of metal 

nanoparticles into the polymer leads to improvement in electrical conductivity of the 



composite layer (Chin et al., 2008). This is because metal nanoparticles can provide 

more electron transmitting I conducting points due to their high free surface area 

(Mariatti et al., 201 0). Hence, percolation threshold of the devices can be reached easily 

with a small amount of metal nanoparticles is incorporated (Mariatti et al., 201 0). 

In this study, MEH-PPV is chosen as the organic material because it is readily 

soluble in aromatic solvent such as toluene or chlorobenzene. Different weight 

percentage (wt%) of Aluminum (AI) and Silver (Ag) nanoparticles are incorporated into 

the MEH-PPV matrix. The mixture will be spin-coated on a glass substrate. The effect 

of type of nanoparticles used and their composition on the devices will be studied in 

terms of film morphology and electrical properties. 

Another group of molecular based organic semiconductors is porphyrins, which 

is widely used as an active layer in an OFET. This is due to its synthetic versatility, 

thermal stability and large 7t-electron system that porphyrins have [El-Nahass, 2010]. 

The chemical structure of a general porphyrin molecule which contains four pyrrole 

linked via methine bridges [James, 1996, Cao, 2009]. 

These molecules tend to aggregate are due to the 7t-7t interaction in between the organic 

molecules [Mallamace, 2000]. This 7t-7t interaction will leads to the final morphology of 

the organic molecules arrangement [Li, 2009]. Porphyrins derivatives stand a crucial 

role in biological processes, such as photosynthesis (chlorophyll), oxygen transport and 

storage (heme) [Krishnamurthy, , 2007; Fuhrhop and Li, 2003]. These porphyrins 

molecules are important in the metabolism of living organisms [Jacobus and Raluca, 

2010]. Such complexes are used in a variety of applications as models for biological 

electron transport [Magdalena, 2000, Yanov, 2007] and oxygen transport [Natale, 2009]. 

To utilize the concept of natural porphyrin, synthetic-type of porphyrin has been 



produced and its richness of properties have benefited a lot of electronic applications 

[Kononenko, 2009]. 

Porphyrins molecules are tend to aggregate and form huge supramolecule. 

Typically, formation of this syhthetic supramolecular through aggregation will further 

enrich the properties of the porphyrins. Therefore, supramolecules porphyrins do 

enhance performance of the devices [Zhang, 2007]. In recent times, significant 

improvements of supramolecular chemistry concepts further upgraded porphyrin 

usability. Supramolecular chemistry gains advantage from van der Waals forces or 

hydrophobic effects, n-n interactions, hydrogen bonding and axial ligation via a 

nitrogen-based ligand to the metal center of the metalloporphyrin [El-Khouly, 2004]. 

These weak interactions may enhance the pathways leading molecules to self assemble 

into a variety of nanostructured motifs, like tubes, rods, sheets and so on [Grimsdale, 

2005]. However, the detail investigation of the effect of nanostructure incorporated into 

synthetic metalloporphyrin on electrical properties has yet been fully understood and 

reported. 

Beside synthetic metalloporphyrin, liquid crystal materials are also considered 

as one of the potential molecular based organic materials for electronic applications. 

This is a thermally and electrically aligned material that is in a state between liquid and 

solid forms [Ha, 2010, Ha, 2009, Ha and Ong, 2009, Ha, S.T. and Koh, 2010, Yeap, 

G.Y., 2009]. Most ofthese materials are used for display applications [Lin, J.T. 2011]. 

Rarely, it is employed as an active layer in OFET. Therefore, in this work, thermotropic 

liquid crystals will be synthesized and investigated . The use of thermotropic liquid 

crystals in this work is justified by its superb crystal structure as a function of 

temperature [Zaki, 2010]. An isotropic phase at high temperature (at the temperature 

above glass transition temperature of the organic materials) is formed and at low 



temperature (below glass transition temperature of the organic materials) this organic 

liquid crystal materials will have an anisotropic properties. Hence, semiconducting 

properties of the active layer can be adjusted accordingly. 

1.2 Problem Statement 

In general, organic electronic devices are not expected to compete with silicon 

devices in high-end products. Compared to silicon technology, one of the limitations of 

organic semiconductor materials is their intrinsically lower mobility which will lead to 

lower conductivity (Li etal., 2011).In this project, MEH-PPV is used as the organic 

material. To improve the charge transport in MEH-PPV, Ltaief et al. (2009) had 

incorporated single-walled nanotubes (SWNTs) into MEH-PP,V to form composites 

photovoltaic cells. This results an increase in the dark current density of the devices 

(Ltaief et al., 2009). Besides, Yang et al. (2004) reported that the power efficiency of 

MEH-PPV was enhanced by blendingionic solid electrolyte, such as polyethylene oxide 

into the active layer. This results in the optimized polymer morphology and the 

improved electrical conductivity (Yang et al., 2004). Furthermore, Wang et al. (2005) 

improved the photocurrent of MEH-PPV using iodine doping, changing the MEH-PPV 

from n-type conduction into p-type conduction (Wang et al., 2005). Recently, 

Kamarulzaman et al. (20 11) reported that the addition of a type of carbon, 

mesocarbonmicrobead (MCMB) improved the conductivity of MEH-PPV by the order 

of2. 

Besides that, previous researchers also incorporated nanoparticles into organic 

materials to improve their conductivity. From the previous researches, types of 

nanoparticles incorporated will influence the conductivity of the organic semiconductor 



devices. In this project, aluminum (AI) and silver (Ag) nanoparticles were used due to 

their good electrical conductivity. Ag nanoparticles have the highest conductivity 

(6.21 x107 S/m) among all the metal nanoparticles (Tibtech.com, 2011). Even though the 

conductivity of Al nanoparticles is lower than Ag nanoparticles, the cost of Al 

nanoparticles is lower and their electrical conductivity (3.69x107 S/m) is still acceptable 

(Tibtech.com, 2011 ). 

For the past few years, composite materials containing Aland Ag nanoparticles 

have attracted great interest due to their unique chemical and physical properties. 

Compared to Al nanoparticles, Ag nanoparticles are more commonly studied by 

previous researchers. In year 2007, Kim et al. reported that the incorporation of Ag 

nanoparticles into MEH-PPV will give an enhanced electrochromic coloration of the 

composite films (Kim et al., 2007). This indicates that Ag nanoparticles induced an 

absorption enhancement compared to MEH-PPV (Kim et al., 2007). In year 2010, Park 

et al. reported an enhancement in current density was achieved with PPV I Ag 

nanocomposites due to an increase in electron affinity with· Ag nanoparticles content. 

Also, the incorporation of Ag nanoparticles will cause roughening of surface 

morphology (Park et al., 2007). In year 2011, Kymakis et al. studied the efficiency of 

organic photovoltaic devices (OPV) after blending Ag and Au (gold) nanoparticles at 

the interface between the active and buffer layer. The results have shown that the 

doping of these nanoparticles improved the power conversion efficiency to the extent of 

20% (Kymakis et al., 2011 ). In the same year, Kochergin et al. (20 11) reported the 

absorption enhancement in OPV by incorporating Al, Ag and Au nanoparticles in the 

active layer. The results have shown that Al nanoparticles yield greater enhancement 

than Ag or Au due to the higher plasma frequency of Al (Kochergin et al., 2011). 



Most organic semiconductor thin films are composed of polycrystalline and 

amorphous phases. The hoping process between molecules in the disorder regions often 

limits charge carrier mobility. Hence, proper material preparation is important to tune 

the molecular structure of organic semiconductor (Li et al., 2011). During preparation, 

proper solvent is needed in order to obtain good morphology of polymer thin film which 

will affect the properties of the devices (Liu et al., 2001). Liu et al. (2001) found that 

aromatic solvents are more suitable to solvate conjugated polymer compared to non­

aromatic solvents. Besides, the widely used spin-coating process will also lower the 

carrier mobilities compared to solution-cast deposition. Therefore, Sirringhaus et al. 

(2004) reported that better electrical properties of conjugated polymer can be achieved 

using higher boiling point solvents such as 1 ,2,3-trichlorobenzene (TCB). This is 

because solvent evaporation speed facilitates the growth of crystalline film and stronger 

the interchain (Sirringhaus et al., 2004). 

The conjugated polymer-inorganic nanocomposites were prepared by mixing 

polymer or precursor solution and inorganic nanoparticles. By using this method, the 

inhomogenities related problem associated with nanoparticles agglomeration is shown 

(Y oon et al., 2004). Therefore, time period used for ultrasonic mixing should be 

controlled properly. Besides that, suitable speed of spin-coater should be selected to 

improve uniformity ofMEH-PPV layer on glass substrate (Liu et al., 2001). 

In this study, the Al electrodes will be thermal evaporated on MEH..:ppy layer as 

cathode and this will cause problem which will lead to inaccuracy result. This is 

because the heat generated during the thermal evaporation process will destroy the 



structure ofthe MEH-PPV layer. Thus, during the electrode coating process, the timing 

must be controlled well to avoid this problem. 

Porphyrins are one of the famous materials which have been widely used as dye 

materials and sensor applications. These macromolecules have a stable aromatic system. 

They tend to be stable and the redox chemistry is reversible under appropriate condition 

[Jurow et al., 2010]. The core structures of the macromolecules have 11 1t-bonds. 

Porphyrin materials outfit as one of the best candidates for organic transistor due to its 

strong 1t-1t stacking and strong metal ligand coordination for the metalloporphyrin 

' 
[Wang et al, 2012 and Zhang et al., 2010]. Therefore, metal-free and metalloporphyrins 

have been selected for the fabrication of the organic devices. The effect on various 

solution concentrations and gap distance in between two electrodes towards the 

electrical properties of both porphyrins devices were study. There are various 

techniques used to deposit organic semiconductor on substrate in OFET. In this research 

work, drop-casting technique was used due to its economical, simplicity, and ease for 

up-scaling. This technique is also suitable for low solubility polymers. Drop casting 

technique which is a relatively slow drying process, able to reduce the materials 

consumption because the entire solution droplet evaporates to the final polymer film. 

organic field-effect transistors (OFETs) based on single crystals had been widely 

developed for fundamental studies to investigate intrinsic charge transport and are now 

growing interest not only in the academic world but also in the industrial sector. 

Basically, with the present of grain boundaries (Horowitz, 2001; Yogev, et al., 2010) 

and minimum densities of disorders (Tiao, et al., 2012), defects and impurities will slow 

down the charge transport which the spontaneous emergence of molecularly flat 

crystalline surface plays an essential role in realizing the high performance in the 

practical devices (K wok, 2008; Kotani et al., 2006; Urien et al.,). An increase in the 



diversity of molecular architectures which were known to . exhibit liquid crystal 

behaviors has been studied. The research on supramolecular liquid crystals along with 

liquid crystal oligomers has gained much attention (Takeya, et al., 2007; Uno, et al., 

2013; Ma, et al., 2010). One of the simplest forms of oligomers is liquid crystal dimer in 

which the main part of the molecule contains two rigid meso genic units connected via a 

flexible spacer (Yeap, et al., 2013). Symmetrical dimers also known as 'twins' are 

becoming popular because of the significant dependence in their transitional properties, 

not only in the aspect ratio but also in the parity of the flexible spacers linking to 

mesogenic units and also on terminal spacers (Senthil, et al., 2006). Compounds which 

consists of two mesogenic units linked by a flexible spacer exhibit transitional 

behaviour whose dependence on the length and parity of the spacer and such 

compounds have been termed liquid crystal dimers which have proved useful as model 

compounds for the polymers (C.T., Imrie, and P.A., Henderson, 2002). 

In this research, symmetrical liquid crystal dimers bis{2-alkyl-(S)-(+)-2-(6-[4-4-

decyloxyphenylazo )-benzoyloxy ]-2-naphthyl)propinate} has been synthesized and their 

electrical properties were investigated. These dimers possess two identical mesogenic 

units with each of them attached to the terminal end of a flexible spacer ( -CnH2n; 

where n = 6-10). Azo are compounds bearing the functional group R-N=N-R', in which 

R and R' can be either aryl or alkyl. Aryl azo is the compound used in the research and 

they are usually thermally stable (Chen, et al., 2008; Zaki, 2000; Singh, et al., 2012; 

Joraid, et al., 2011). At the same time, these azo materials do exhibit reversible bipolar 

redox behavior. The electrical properties of the azo materials can be modified by adding 

the electron-donating such as amino group and electron-attracting such as nitro group 

into the conjugated system in order to enhance the electrical properties of the materials. 

Meanwhile, the electron-donating and crystal packing effects of an amino group are 



enhanced by adding alkyl groups to theN-atom (Mallik, et al., 2007; Ackermann, et al., 

2003). 

1.3 Research Objectives 

The objectives of this project are as follow: 

• To fabricate test structures with MEH-PPV, Prophyrin, and AZO on glass 

substrates. 

• To investigate effect of different weight percentage of aluminum (Al) and silver 

(Ag) nanoparticles on MEH-PPV. 

• To examine effect of electrode distances on the organic materials. 

• To determine the optimum concentration of organic materials in producing thin 

film via drop casting or spin-coating technique. 



CHAPTER2 

LITERATURE REVIEW 

2.1 Introduction 

In this chapter, background of organic semiconductor, organic materials, organic 

light emitting diodes (OLEDs) and researcher's studies will be described. This chapter 

will also include the review studies on polymer light emitting diodes (PLEDs). 

2.2 Organic Semiconductor 

Organic semiconductor has attracted considerable interest of many researchers 

due to its good promising for large area, low-end, lightweight, and flexible electronic 

applications (Li et al., 2011). The unique features which give organic electronics a ~ 

technological edge are simpler fabrication methods and their mechanically flexible (Li 

et al., 2011 ). In general, organic semiconductor is unlikely outperformed inorganic 

conductor or semiconductor (Wiederrecht et al., 2010). However, organic electronics 

fabrication can be done using relatively simple process such as evaporation, spin­

coating and printing which does not require high-end clean room laboratories (Li et al., 

2011). Due to the benefit from versatility of organic electronic technology, organic 

semiconductor can be appeal for broad range of devices including transistors, diodes, 

sensors, solar cells, and light emitting diodes (Li et al., 2011 ). 



2.3 Organic Materials 

There are two fundamental material classes for organic semiconductors, namely, 
' 

small molecule and polymers (Khan et al., 2008). Both conjugated materials with a 

HOMO-LUMO energy gap ranging from 1.5 to 3.5 eV (Khan et al., 2008). In the 

intrinsic form, they have a negligible quantity of free carriers at room temperature due 

to the large band gap(Khan et al., 2008). In this study, the organic layer used is 

polymers. So, discussion will be focused on the conjugated polymers. 

2.3.1 Conjugated Polymer 

In our daily life, everyone is familiar with polymers as flexible and mechanically 

strong materials. In fact, some polymers can also conduct electricity and emit light 

(Frienda et al., 1999). These semiconducting polymers, which have been intriguing 

researchers for the past 20 years, are now poised to enter the market (Frienda et al., 

1999). Before the discovery of electrically conductive properties, polymers were widely 

considered and been used as insulators. Following a breakthrough work by Heeger, 

MacDiarmid, and Shirakawa during the late 1970s, the study of conducting polymer has 

emerged as a thriving field within organic electronics (Wiederrecht et al., 2010). The 

discovery of first highly conductive polymer, chemically and electrochemically doped 

polyacetylene was reported in 1977. The polyacetylene film was oxidatively doped with 

iodine vapors to induce metal-like conductivities (Wiederrecht et al., 2010). 



Most large band gap polymers are primarily single bonds (sp3 hybridization). 

Meanwhile, conjugated polymers have alternating single and double bonds (sp2 

hybridization) (Kline et al., 2008). In this configuration, sp2 hybridized bonds form three 

a-bonds where excitation energies are very high ( ~8e V). The remaining p-orbitals of 

adjacent molecules form relatively weak 1t-bonds. The highest 1t-(bonding) orbital that 

is occupied by electrons is called the highest occupied molecular orbital (HOMO), 

while the lowest 1t*-(antibonding) orbital that is unoccupied by electrons is called the 

lowest unoccupied molecular orbital (LUMO). The Fermi-level lies in the energy gap 

between HOMO-LUMO (Khan et al., 2008). In 1990, electroluminescence was first 

discovered in a conjugated polymer, namely poly(p-phenylenevinylene) (PPV), by 

workers at Cambridge University (Scott et al., 2000). 

Atomic orbital hybridization is designed to understand the nature of chemical 

bonds of conjugated polymer. In carbon-based molecules, the orbitals involved in the 

hybridization are the four outer valence orbitals, namely the 2s, 2px, 2py and 2pz orbitals. 

There are three types of spn hybridization: sp hybridization, sp2 hybridization and sp3 

hybridization. Figure 2.1 shows a schematic illustration of the cr and 1t (2Py and 2pz) 

orbitals shown in acetylene (Barford, 2005).Among the four valence electrons of carbon, 

three of them formhybrid orbitals known as orbital that bond with the atom's three 

neighbors (Heflin et al., 2004). The remainingvalence electrons from each carbon form 

orbitals, which are delocalizedover the molecule (Heflin et al., 2004). The delocalized 

electron results in strong optical absorption, largepolarizability, and large conductivity 

(Heflin et al., 2004). 
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Figure 2.1: A schematic illustration of the a and 1t (2py and 2pz) orbitals shown in 
acetylene (Barford, 2005). 

2.3.2 Structure of Conjugated Polymer 

All conjugated polymer has the same signature in term of structure. Each atom 

along the backbone is involved in a 1t bond which is much weaker than the a bonds that 

hold the atoms in the polymer chain together (Bredas et al., 1991). When placing the 

conjugated polymer side by side, these 1t bonds can delocalize over the atoms (Bredas et 

al., 1991 ). Polymers are not completely straight and flat over infinite distance (Bredas et 

al., 1991). Single (i.e. C-C) bonds, even when they are part of conjugated system, can 

rotate given the thermal energy available at room temperature (Bredas et al., 1991). 

Figure 2.2 shows structure of repeat unit of several conjugated polymer. 
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Figure 2.2: Structure of repeat unit of several conjugated polymers including their 

common abbreviation (Bredas et al., 1991 ). 

2.3.3 Poly(p-phenylenevinylene) (PPV) and its derivatives 

Conjugated polymer are nowadays used in several display applications, resulted 

from intensive research works over the last decade since the first report on polymer-

based light emitting diodes (Yang et al., 2005). Among them, poly(p-phenylenevinylene) 

(PPV) and its derivatives have getting more attention because of their structure and their 

highly interesting electroluminescent properties (Yang et al., 2005). PPV composed of 

alternating benzene and vinylene units. The material is highly fluorescent and is bright 

yellow in color (Muray et al., 2000). 



Since the discovery of electroluminescence of PPV in 1990, many derivatives of 

PPV have been synthesized and investigated (Scott et al., 2000). PPV itself is an 

insoluble polymer and therefore must be coated in a soluble unconjugated precursor 

form with subsequent thermal conversion. PPV can be used in single-layer devices 

because it can transport both electrons and holes (Scott et al., 2000). 

Within the PPV -based polymers, the dialkoxy derivatives are particularly note-

worthy (Scott et. al., 2000). Within the class of PPVs, poly[2-methoxy-5-(2'-

ethylhexyloxy)-1,4-phenylenevinylene] (MEH-PPV) exhibits characteristics that make 

it favorable for device fabrication (Amautov et al., 2004). MEH-PPV was introduced by 

the group at the University of California at Santa Barbara. The side-group substituents 

not only allow the polymer soluble in common organic solvent but they also alter the 

electrical and optical characteristics (Scott et al., 2000). The difference of structure 

between PPV and MEH-PPV is shown in Figure 2.3. 
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Figure 2.3: (a) Poly(p-phenylenevinylene) (PPV). 

(b) Poly[2-methoxy-5-(2' -ethylhexyloxy)-1 ,4-phenylenevinylene] (MEH­
PPV) (Amautov et al., 2004). 



. 2.4 Organic Light Emitting Diodes (OLEDs) 

Organic light emitting diodes (OLEDs) are revolutionizing display technology 

by allowing low-cost, energy-saving, color flat panel displays with viewing properties 

comparable to conventional cathode ray tubes (Campbell et al., 2007). In the 

manufacturing of efficient OLEDs, both electroluminescent polymers and low 

molecular weight materials are being developed (Nguyen et al., 2008). In 1987, small 

molecule organic LEDs (SMOLEDs) with a two-organic-layer structure that used the 

small organic molecule tris-(8-hydroxyquinoline) aluminum (Alq) as the emissive layer 

was first reported. In 1990, polymer LEDs (PLEDs) using poly(p-phenylenevinylene) 

(PPV) in the devices were first reported (Campbell et al., 2007). The device physics of 

SMOLEDs is in general similar to that of PLEDs (Campbell et al., 2007). Table 2.1 

shows the comparison between SMOLEDs and PLEDs. 

Table 2.1: Comparison betweenSMOLEDs and PLEDs (Blochwitz, 2001). 

LED/ Properties SMOLEDs PLEDs 

Preparation Vacuum sublimation 
Spin Coating under 
atmosphere 

Control of purity & 
Cheap (patterning by Advantages compatibility to CMOS 

technology 
printing) 

Disadvantages 
Expensive vacuum system Impurity & solubility 
needed incompatibilities 

LED operating 
(for 1 00cd/m2

) 

voltage 
Higher Lower 

Lifetime >10.000h Comparable 



2.4.1 Basic Operation Principle of Organic Light Emitting Diodes (OLEDs) 

In conventional LEDs, light emission is created by the combination of charge 

carriers supplied by the semiconductor p-n junction (Nguyen et al., 2008). Figure 2.4 

shows the band diagram of the junction (Nguyen et al., 2008). Under an applied electric 

field, the minority carriers are injected from one semiconductor to the other and 

recombine with the majority carriers to form radiation process (Nguyen et al., 2008). 

From example, the electron from n-region will diffuse into p-region and recombine with 

the hole in p-region to yield photon (Nguyen et al., 2008). 
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Figure 2.4: Energy diagram of an inorganic p-n junction and light emission process 
(Nguyen et al., 2008). 

The light emission mechanism in OLEDs is similar to those in conventional 

LEDs. However, the characteristics and formation of recombining carriers in OLEDs 

are different compared to the conventional LEDs. Figure 2.5 shows the principle of 

single active layer OLED (Nguyen et al., 2008). This is because most of the small 

molecule or polymeric films used in OLEDs form disorder amorphous films without 

macroscopic crystal lattice (Brutting et al., 2000). 



Principles of operation of OLEDs: 

1. Injection 

Electrons are injected from the cathode to the LUMO. Holes are injected from 

the anode to the HOMO (K:han et al., 2008). This mechanism is controlled by 

the characteristics of the interface formed between the electrode and the organic 

layer (Nguyen et al., 2008). 

n. Transport 

Both carriers drift toward each other in the applied field. The transport 

mechanism will influence the carrier recombination because holes and electrons 

must be transported into close spaces for recombination where they can react to 

each other's (Nguyen et. al., 2008). The organic compounds must have sufficient 

mobility to transport the charge carriers to the recombination sites (Khan et al., 

2008). 

111. Recombination 

During recombination, the opposite signs of carriers will radiative decay to the 

equilibrium state (Nguyen et al., 2008). However, only a fraction of the 

recombination processes are radiative, the others produce phonons. This depends 

largely on the electronic structure of organic film and also the structure of the 

device (Nguyen et al., 2008). 
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Figure 2.5: Energy diagram of an organic light emitting diode and light emission 
process (Nguyen et al., 2008). 

2.4.2 Device Structure 

The simplest structure of an OLED is a single organic layer sandwiched by two 

electrodes (Scott et al., 2000). In a single-layer device, the organic material must 

perform all these three functions: holes transpmi, electrons transport and emission 

(Scott et al., 2000). For efficient emission, the injection rates of holes from the anode 

into the HOMO must be almost equal to injection rates of electrons from the cathode 

into the LUMO (Scott et al., 2000). Otherwise, the charge carriers will just pass through 

the organic layer without recombination (Scott et al., 2000). For solution-processed 

PLEDs, a thin layer of semiconducting polymer film is typically sandwiched between 

two contact electrodes, as shown in Figure 2.6. 
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Figure 2.6: Single layer PLED in sandwich configuration (Li et. al., 2007). 

To overcome the limitations imposed on a single material, multiple organic 

layers can be used. This has been done by Kodak group in the early 1980s (Scott et al., 

2000). Material with good holes injection and transport can be located next to the anode, 

while material with good electrons injection and transport will be next to the cathode 

(Scott et al., 2000). The energy offsets on the interface between these two layers will act 

as a barrier for electrons entering the holes transport layer, and vice versa. This will 

prevent the loss of efficiency caused by passage of charge to the electrode without 

recombination (Scott et al., 2000). Also, due to the high density of charge carriers on 

each side of the organic interface, recombination will more likely to occur at the 

interface and far away from the electrode (Scott et al., 2000). This can reduce the 

probability of exciton quenching by dissociation at the electrode (Scott et al., 2000). 

Figure 2. 7 shows the multilayer of SMOLED structure. 
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Figure 2.7: Multilayer structure ofSMOLED (Li et al., 2007). 

Trilayer structure offers the additional possibility of selecting the emissive 

material, independent of its transport properties (Scott et al., 2000). In the case of small 

molecules, the emitter is added as dopant in either the holes transport layer (HTL) or 

electrons transport layer (ETL), near the interface between them (Scott et al., 2000). The 

dopant may act as an electron trap in the ETL to capture and hold electron until a hole is 

injected nearby from HTL. In this case, the dopant will act as recombination center 

(Scott et al., 2000). Figure 2.8 shows the energy diagram of three if the devices in 

forward bias: 
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Figure 2.8: Energy level diagrams under forward bias (Scott et al., 2000). 

2.4.3 Electrodesfor OLEDs 

The materials used as the electrons and holes injecting electrodes play an 

important role in the overall performance of the device. To enable good injection of 

electrons and holes, the work function of the cathode must be sufficiently low while the 

anode sufficiently high (Scott et al., 2000). By far, the most prevalent material used for 

anode is indium-tin-oxide (ITO) due to its relatively high work function (4.5-5.1 



e V)(Scott et al., 2000). As for cathode, the choice of material should be an 

electronegative metal since the functional requirement of the cathode is to inject 

electrons (Scott et al., 2000). Figure 2.9 shows a schematic energy level diagram for an 

ITO/PPV I AI LED, showing the ionization potential (IP) and electron affinity (EA) of 

PPV, the work functions of ITO and AI ( <l>1ro and <l> At), and the barriers to injection of 

electrons and holes (~Ee and ~Eh). 

Figure 2.9: Schematic energy level diagram for an ITO/PPV/Al LED (Friendb et al., 

1999). 



. 2.4.4 Applications 

(a) OLED Display 

Liquid crystal displays (LCDs) have now been in the market for a number of 

years. However, recent improvements on organic light emitting diodes (OLEDs) 

become a new alternative to the flat panel display industry. OLEDs offer improved 

luminous efficiency, high brightness and wide viewing angle (Kazafi et al., 2005). In 

addition, OLEDs give lighter weight and consume less power than LCDs (Kazafi et al., 

2005). Besides that, OLEDs do not require backlight (Kazafi et al., 2005). For OLEDs, 

display drivers are divided into two different addressing schemes: active matrix 

addressing and passive matrix addressing (Kazafi et al., 2005). Passive matrix displays 

apply a voltage directly across the lighting element, whereas active matrix displays use 

a data voltage to control a current through the LED (Kazafi et al., 2005). The main 

difference between both techniques relates to the fraction of time that a given pixel is 

allowed to emit light (Kazafi et al., 2005). 

OLED technology has been used in commercial applications such as displays for 

mobile phones and portable digital media players, car radios and digital cameras among 

others (EDN, 2005).0LEDs have been used in most Motorola and Samsung color cell 

phones, as well as some HTC, LG and Sony Ericsson models (EDN, 2005).Samsung's 

latest AMOLED smartphones use their Super AMOLED trademark, with the Samsung 

Wave S8500 and Samsung i9000 Galaxy S being launched in June 2010. In January 

2011 Samsung announced their Super AMOLED Plus displays, which feature 50% 

more sub-pixels, and also given improvements in contrast and outdoor readability over 

the 'original' Super AMOLED displays(Oled-info.com, 2010). Figure 2.10 shows the 

new AMOLED products in the market. 
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Figure 2.10: New AMOLED display products in the market (Colegrove, 2010). 



(b) OLED Lighting 

Today, OLEDs are used to make beautiful and efficient displays, but this 

technologyis also possible forcreation of white light panels for lighting. Unlike 

conventional lighting, OLEDs provide an area-lighting panel and feature good color 

temperature (Oled-info.com, 2009). Besides that, OLED panels are slimmer. This 

allows OLED lighting placed directly on ceilings rather than hanging them (Oled­

display.net, 2012). In addition, the flexibility of OLED allowed it to be manufactured in 

various designs (Oled-display.net, 2012).In addition, OLED lighting is more stable than 

that of ordinary lighting. Compared to LED or conventional fluorescent lamps, OLED 

lighting is more comfortable for viewing (Oled-display.net, 2012). Figure 2.11 shows 

the OLED bulbs in a room. 

Figure 2.11: OLED bulbs in a room (Oled-display.net, 2012). 



2.5 Researcher's Studies 

In recent years, the interest of studying hybrid organic I inorganic nanostructures 

has been increasing due to possibility of combining the electrical properties of 

semiconductor organic polymers with the optical peculiarities of inorganic nanoparticles 

(Agostiano et al., 2004). Organic polymer I inorganic nanoparticles composites have 

been increasingly studied because of their enhanced optical and electrical properties 

(Kim et al., 2000). Nanomaterials exhibit special electrical, optical, and magnetic 

properties that differ from those of atoms and bulk. The unique properties of 

nanomaterials are caused by quantum-confinement or surface effects that become 

operative on that scale (Wen et al., 2007). However, the organic polymer-inorganic 

nanocomposites showed inhomogenities related with nanoparticles agglomeration, and 

therefore it was difficult to know accurately how the nanoparticles affected the 

conjugated polymer (Yoon et al., 2004). 

Previous researches have studied the performance of organic polymer I inorganic 

nanoparticles composites for different kinds of devices such as polymer light emitting 

diodes (PLEDs), organic field effect transistors (OFETs), light emitting organic field 

effect transistors (LE-OFETs), solar cell, memory device, and diodes. Among these 

devices, PLEDs and solar cell are more commonly studied by researchers. Previous 

researchers have incorporated different nanoparticles into polymer matrices to study the 

interaction between the nanomaterials and matrix. The development of nanotechnology 

has gainedan increasing interest because nanomaterials exhibit special electrical, optical, 

and magnetic properties that differ from those of atoms and bulk (Wen et. al., 2007). 



Solar cell or photo voltaic cell is the most common device used to study the 

effect of nanoparticles on the conjugated polymer. In solar cell, charge recombination of 

the photogenerated electron-hole pairs is the major bottleneck in the use of conjugated 

polymers. In order to overcome this limitation, organic polymers have been combined 

with oxide nanoparticles. In this blend, the organic polymers act as electron donor and 

the inorganic nanoparticles as electron acceptor (Agostiano et al., 2004). Besides that, 

previous researchers also mixed metallic nanoparticles with conjugated polymer in 

order to enhance the charge transport properties and the control of optical properties by 

selection o.f suitable size. The metallic nanoparticles will increase the electrical 

conductivity of composite layer which will lead to the enhancement of efficiency (Chin 

et al., 2008). Metallic nanoparticles also exhibit localized surface plasmon resonance 

(LSPR) property (Chin et al., 2008). This effect can create strong near-field 

electromagnetic fields and far-field propagating waves, which could be used for 

enhancement of light absorption of active layer (Qian et al., 2011). Also, nanoparticles 

of inorganic semiconductors are also incorporated as good electron acceptors from the 

polymers because they possess elevate carrier mobilities and high electron affinity 

which can favorably combine with low ionization potential of conjugated polymers 

(Cosma et al., 2008). The combining of organic polymers and nanoparticles enables the 

formation of percolation pathways for electron transport (Cosma et al., 2008). 

PLEDs are also another common device used to study the effect of nanoparticles 

on the conjugated polymer. PLEDs were first reported in 1990 usmg 

poly(phenylenevinylene) (PPV) as the light emitting materials (Kim et al., 2000). 

Organic conjugated polymer such as PPV and its derivatives have shown many 

advantages for PLEDs because of their high fluorescence efficiency and their good 



processibility (Park et al., 2007). In PLEDs, photoluminescence emission efficiency is a 

key factor (Zhang et al., 2001). Therefore, to improve the optical and electronic 

properties of PPV, a feasible way is to combine PPV with inorganic nanoparticles 

(Zhang et al., 2001). For example, the incorporation ofSi02 nanoparticles into PPV can 

be used to tune the luminescent properties of PLEDs by adjusting the conjugated length 

ofPPV (Zhang et al., 2001). However, the widespread adoption of conjugated polymer­

based devices is limited by their short lifetime due to the rapid photo-oxidation of the 

films under ambient conditions (Park et al., 2002). In PLEDs, the conjugated polymers 

are inherently susceptible to oxygen and moisture (Yoon et al., 2004). Hence, 

understanding the effects of photo-oxidation in conjugated polymer films is necessary in 

order to optimize the performance of the devices (Park et al., 2002). 

Previous researchers have also used organic field effect transistors (OFETs) 

devices to study the effect of nanoparticles on the conjugated polymer. Organic 

conjugated polymer usually exhibit high on/off ratios in OFETs but has lower mobi1ities 

(Cumings et al., 2011 ). In contrast, carbon-based materials such as graphene and carbon 

nanotubes (CNTs) exhibit very high mobility but usually have lower on/off ratio 

(Cumings et al., 2011). Therefore, previous researchers have developed composite thin­

films containing both organic conjugated polymer and graphene flakes in order to 

enhance effective mobility in OFETs (Cumings et al., 2011 ). Besides that, previous 

researchers have also incorporated oxide nanoparticles such as ZnO nanoparticles into 

conjugated polymer in order to improve the mobility of the devices (Navan et. al., 2011). 

Organic memory device is also another device that has gained the interest of 

many researchers. By incorporating the metallic nanoparticles into conjugated polymer, 



the operating voltages of the device will be lowered and the write/erase times will 

become faster (Macbrook et al., 2008). Besides that, several reports on the use of 

nanoparticles embedded in conjugated polymer as an organic capacitor exhibit memory 

effect (Aw et al., 2011). 

In addition, previOus researchers have also studied the orgaruc polymer I 

inorganic nanoparticles composites using LE-OFET. Compared to the other devices, 

nanofiber and LE-OFET are less studied by researchers. As for LE-OFET, it was 

reported that the concentrati<?n of the oxide nanoparticles added will affect the m?bility 

of charge carriers (Aleshin et al., 2011 ). 

2.5.1 The Incorporation of Nanoparticles 

Previous researchers have incorporated vanes kind of nanoparticles into 

conjugated polymer in order to study their effect on the performance of devices. Among 

the nanoparticles, oxide nanoaparticles are the earliest and most studied by previous 

researchers since year 1997. Started from year 2002, metallic nanoparticles have gained 

the attention of researchers. Besides oxide and metallic nanoparticles, carbon and 

semiconducting nanoparticles were also studied by previous researchers. However, both 

of these nanoparticles are not much explored by previous researchers. Table 2.2 shows 

the studies of effects of nanoparticles on the performance of organic devices. 



Table 2.2: The Effects ofNanoparticles on the Performance of Organic Devices. 

Author Device Nanoparticles Results 
Carter et al., 1997 PLEDs Titanium Oxide (Ti02) • Incorporation of the nanoparticles inside MEH-PPV 

and Silicon Oxide (Si02) thin film results in order of magnitude increases in 
current and luminance output. 

Agostiano et al., 2004 Solar Cell Titanium Oxide (Ti02) • A significant fluorescence quenching of MEH-PPV I 
Ti02nanorods hetero-junctions IS observed. This 
shown an efficient transfer of the photogenerated 
electrons from the organic semiconductor to the 
nanocrystals. 

Yang et al., 2007 PLEDs Silicon Oxide (Si02) and • It is shown that the conjugation length of MEH-PPV 
Titanium Oxide (Ti02) is not affected by the presence of the particles. 

• It also shown that the studied composites present a 
higher stability in emission characteristics compared 
to bare polymer films. 

Cuong et al., 2008 Solar Cell Zinc Oxide (ZnO) • PL measurements show a remarkable blue shift in the 
luminescence spectra upon addition of the ZnO 
nanoparticles. 

• Raman spectroscopy indicates that the conjugation 
length and the chemical structure of MEH-PPV are 
unaffected by the incorporation of ZnO nanoparticles 
up to 16 wt%. 

34 



Table 2.2( continued): The Effects ofNanoparticles on the Performance of Organic Devices. 

Uthirakumar et al., 2008 I PLEDs Zinc Oxide (ZnO) 

Wang et al., 2008 I Solar Cell Titanium Oxide (Ti02) 

Yang et al., 2010 Organic, Field I Titanium Oxide (Ti02) 

Effect 

Aw et al., 2011 

Transistors 
(OFETs) 

Memory 
Device 

Zinc Oxide (ZnO) 
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• By employing different ratio of ZnO composites with 
respect to fluorescent polymer, the PL emission 
efficiency showed a significant enhancement. 

• The fabricated devices showed better improvement in 
stability and lifetime. 

• For PPV I Ti02 composite prepared by direct mixing, 
there is severe aggregation of the Ti02 nanoparticles. 

• On the contrary, the composite prepared by sol-gel 
method shows a nanosized phase separation. This 
composite also show the improved photovoltaic 
performance. 

• 

• 

• 

• 

From SEM and AFM images, it is shown that the 
surfaces of the Ti02 nanoparticles are compatible 
with PVP, providing homogeneous polymer I 
nanoparticles blend. 
The leakage current of the composite also has been 
increased. 

A capacitor-based organic memory device can be 
realized using a simple solution based fabrication 
technique. 
This device can be programmed and erased similar to 
a flash-memory. 



Table 2.2(continued): The Effects ofNanoparticles on the Performance of Organic Devices. 

Navan eta!., 20Il 

Yang eta!., 20II 

Lee et a!., 2009 

Cuming et a!., 20 II 

Organic Field I Zinc Oxide (ZnO) 
Effect 
Transistors 
(OFETs) 

Solar Cell Iron Oxide (Fe304) 

Solar Cell Fullerene (C6o) 

Organic Field I Graphene 
Effect 
Transistors 
(OFETs) 

• 

• 

• 

• 

• 

• 

• 
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It has been reported that the mobility enhancement of 
p-type of organic transistors formed using P3HT 
when ZnO nanostructures are dispersed into it. 
OFET based on this structure show a mobility 
enhancement of more than 60%. 

The power conversion efficiency (PCE) of the P3HT: 
PCBM I Fe304is enhanced by~ I8%. 

Charge transport was studied in composites of MEH­
PPV and low concentration of fullerene (C60) below 
the percolation threshold. 
The electron mobility showed a linear increase with 
the fullerene concentration while the hole mobility 
was insensitive. 

Based on the result, it is shown that effective 
mobilities of polymer I graphene hybrid FETs can be 
significantly higher than that of a pure polymer FET. 
However, when the concentration of graphene was 
increased by 4 times, the effect mobility was reduced. 
This is because the high density graphene flakes in 
the organic semiconductor layer resulted in a more 
disorder film. 



Table 2.2( continued): The Effects ofNanoparticles on the Performance of Organic Devices. 

Cosma et a!., 2008 Solar Cell CdS 

Bredol et al., 2009 Solar Cell ZnS 

Kim et al., 2007 Solar Cell Silver (Ag) 

Wen et al., 2007 PLEDs Gold (Au) 
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• The luminescence quenching of MEH-PPV was 
observed on both solution and thin film. 

• Chronoamperometric measurements of dispersed 
heterojunctions showed higher photoactivity 
compared to the. single component, due to presence of 
great number of interfaces which enhanced charge 

• 

• 

• 

• 

transfer. · 

The P3HT I ZnS composite devices showed a very 
high value for Yoc and short circuit current density, 
lsc· 
However, some of the devices failed to operate or 
lower PCE due to the bad quality of the interface 
between active layer and aluminum electrode. 

The absorption maximum of MEH-PPV I Ag film 
was much higher than that of the MEH-PPV film, 
indicating that the Ag nanoparticles induced an 
absorption enhancement compared to MEH-PPV. 

Incorporating of Au nanoparticles into HY-PPV film 
enhances the electroluminescence efficiency of HY­
PPV based PLED. 

• Blue-shifts in the emission spectra and a decrease in 
capacitance of the emitting layer were observed. 



Table 2.2( continued): The Effects ofNanoparticles on the Performance of Organic Devices. 

Chin et al., 2008 Solar Cell 

Park et al., 2010 PLEDs 

Kochergin et al., 2011 Solar Cell 

Gold (Au) 1 • 

• 

Silver (Ag) 1 • 

• 

Silver (Ag), Gold (Au) and 1 • 

Aluminum (AI) 

• 
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From the result, it is shown that increase of the PCE 
is mainly attributed to the enhancement of 
photocurrent, both the fill factor and open circuit 
voltage of photovoltaic device were not sensitive to 
the concentration of gold nanoparticles. 
The enhanced absorption was observed in the 520-
550 nm range, which brings improvements of the 
photocurrent and PCE for the devices. 

Incorporation of Ag nanoparticles in PPV resulted in 
an increase of current density, 
The UPS spectra show that Ag nanoparticles modify 
the electron energy band structure. 

Based on the results, AI nanoparticles are more 
superior to Ag and Au nanoparticles in enhancing the 
light absorption in organic photovoltaic cell. Thus, AI 
nanoparticles bring more improvements in conversion 
efficiency ofthe devices. 
This is because the higher plasma frequency of AI 
ensures a better overlap between Plasmon resonance 
and absorption band of semiconductors. 



2.5.2 Organic Solvent Used 

In year 2001, Liu et al. reported that the photo voltaic devices fabricated with 

tetrahydrofuran (THF) or chloroform (non-aromatic solvents) have smaller 

photocurrents under same reverse bias as well as higher open circuit voltages compared 

to the devices fabricated with xylene, dichlorobenzene (DCB), or chlorobenzene (CB) 

(aromatic solvents) (Liu et. al., 2001). This is because salvation induced morphology 

effects will result in different arrangements (polymer conformations) of the polymer 

chains (Liu et. al., 2001). For aromatic solvents such as xylene, the solvent molecules 

tend to solvate the 1t-electron conjugated segments and result in a conformation which 

has better 1t-1t stacking and subsequently better electrical conduction (Liu et. al., 2001). 

On the other hand, non-aromatic solvents such as THF will tend to solvate the non­

conjugated segments of the polymer and result in a polymer conformation with a lower 

electrical conductivity (Liu et. al., 2001 ). 

In this paper, spin coating is used to fabricate the MEH-PPV thin film on the 

glass substrate. Spin coating has been demonstrated to be an easy and low cost 

fabrication process for polymer electronic devices with good device performance 

(Sirringhaus et al., 2004). The widely used spin coating process will significantly lower 

mobilities as compared with solution-cast desposition. This is closely related to the 

limited time available for chain alignment forced by the rapid drying of solvent 

(Sirringhaus et al., 2004). In year 2004, Sirringhaus et al. found that, by using higher 

boiling point solvents such as 1 ,2,3-trichlorobenzene (TCB) instead of chloroform for 

spin coating, P3HT transistors with mobilities higher than O.lcm2/(V s) and large on:off 

current ratio of 106 can be achieved (Sirringhaus et al., 2004). This is because slower 

solvent evaporation speed helps the growth of a highly crystalline film and the 



interchain interactions become stronger. Thus, the electrical conductivities will be 

improved significantly (Sirringhaus et al., 2004). 

2.5.3 Review Studies on Polymer Light Emitting Diodes (PLEDs) 

In this paper, our work is more focusing on polymer light emitting diodes 

(PLEDs ). In 1990, the Cambridge group of Friend had announced that they had 

achieved green-yellow EL using PPV in a single-layer structure (Bemius et al., 2000). 

PPV was used as a semiconducting layer sandwiched between metallic electrodes, as 

shown in Figure 2.12. In 1991, Heeger and co-workers at the University of California at 

Santa Barbara announced the EL application of a soluble derivative of PPV, namely 

MEH-PPV (Bemius et al., 2000). Compared to PPV, MEH-PPV offered the advantage 

of soluble in conjugated form in organic solvent due to its dialkoxy side chain (Friendb 

et al, 1999). 
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Figure 2.12: Device structure of a single layer polymer electroluminescent diode. 

Various types of nanoparticles can be used to enhance the performance of 

PLEDs. Among them, oxide nanoparticles are more commonly employed. The polymer 



composite light emitting device was first studied by Carter et al. in year 1997. Carter et 

al. (1997) reported that incorporating insulating oxide nanoparticles such as Ti02 and 

Si02 nanoparticles into electroluminescent polymer resulted in increased current 

densities, radiances and power efficiencies in the devices, as shown in Figure 2.13. 
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Figure 2.13: Current-voltage and radiance-voltage curves for 1:1 Ti02 (anatase)/MEH­
PPV (circles), 1:1 Ti02 (rutile)/MEH-PPV (diamonds), 1:1 Si02/MEH­

PPV (triangles) an~ for MEH-PPV film with no nanoparticles (square) 
(Carteret al., 1997). 

In year 2008, Uthirakumar et al. reported that an incorporation of few weight 

percentage of zinc oxide (ZnO) into the fluorescent polymer showed better 

improvement in stability and lifetime of the devices. Based on the Thermogravimetric 

analysis (TGA)curves in Figure 2.14, the weight loss is decreased as the weight 

percentage of ZnO is increased (Uthirakumar et al., 2008). 
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Figure 2.14: TGA curves of fluorescent polymer with different weight fractions ofZnO 

content. The values of the ZnO content are 1.5%, 4.5%, 6.7% and 7.5% for 
samples B, C, D, and E (Uthirakumar et al., 2008). 

Meanwhile, size and dispersion of the nanoparticles in the conjugated polymer 

will also affect their performance. In year 2004, Y oona et al. reported that PPV with 

20nm Si02 nanoparticles produced higher current output than PPV with 5 nm 

Si02nanoparticles,as shown in Figure 2.15. Also in the same year, Yoonb et al. reported 

that the PPV/Ti02nanocomposite prepared by the particulate sol processing had much 

better dispersion of nanoparticles than that prepared by the conventional processing. 

The composites with well-dispersed nanoparticles resulted in enhanced current density 

and radiance, as shown in Figure 2.16. 
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Figure 2.15: Current-voltage characteristics for PPV (squares), PPV/Si02 (5 run) and 
PPV/Si02 (20 run) (Yoon8 et al., 2004). 
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Figure 2.16: Current-voltage and radiance-voltage characteristics for PPV (squares), 
PPV/Ti02nanopowder (circles), and PPV/Ti02 particulate sol (triangles) 
(Yoonb et al., 2004). 



Despite many studies have shown that incorporating oxide nanoparticles such as 

Ti02 nanoparticles can enhanced the electrical and optical properties of PLEDs, there is 

a drawback too. In year 2012, Nguyen et al. reported that high concentration of ZnO 

nanoparticles in MEH-PPV showed a drastic decrease in lifetime compared to 

composite with low concentration, as shown in Figure 2.17. Therefore, composition of 

nanoparticles used is critical to the performance of devices. 
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Figure 2.17: Time-resolved PL kinetics (excitation: 267nm) of (a) pristine MEH-PPV 
and composites containing (b) 2% (c) 1 0% (d) 20% ZnO 20nm 

nanoparticles (Nguyen et al., 2012). 

Beside oxide nanoparticles, metal nanoparticles such as gold (Au) and silver (Ag) 

are also being adopted (Park et al., 2010). In year 2010, Park et al. reported that the 

incorporation of Ag nanoparticles into PPV can result in an enhancement of current 

density due to an increase in the electron affinity with Ag nanoparticles content, as 



shown in Figure 2.18. Furthermore, roughening of the surface morphology was 

observed with incorporation of Ag nanoparticles (Park et al., 201 0). 
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CHAPTER3 

METHODOLOGY 

3.0 Poly[2-methoxy-5-(2 '-ethylhexyloxy)-1,4-phenylenevinylene] (MEH-PPV) 

3.1 Introduction 

In this chapter, materials, equipment and methodology used will be described. In 

this project, the experiment was divided into three parts. Table 3.1 shows the parts of 

the experiment and their description. 

Table 3.1: Description of the parts of experiment. 

No. Experiment 
1 Dispersion ofNanoparticles 

Description 
Different weight percentage of aluminum (AI) 
and silver (Ag) nanoparticles were spin-coated 
on glass substrate. 
The weight percentage of nanoparticles which 
has better dispersion on substrate will be 
selected for final device fabrication. 

2 Concentration ofMEH-PPV Different concentrations ofMEH-PPV solution 

3 Final Devices 

were prepared and spin-coated on glass 
substrate. 
The concentration of MEH-PPV which has 
better electrical properties will be selected for 
final device fabrication. 

In this part of experiment, the nanoparticles 
were incorporated into MEH-PPV solution to 
form the active layer. 
The concentrations of nanoparticles and MEH­
PPV used were chosen based on the results of 
previous experiments. 



Experimental setup such as substrate preparation, solution preparation, spin coat 

and electrode coating will be discussed. Samples with different parameters were 

prepared. The substrate used is glass, with dimension of 1 em x 1 em. Aluminum (AI) 

was thermal evaporated and coated on the glass as an anode. The active layer is formed 

from MEH-PPV with or without nanoparticles, which is spin-coated on the glass 

substrate. Lastly, the AI electrodes are coated on the layer as a cathode. Figure 3.1 

shows the structure of samples fabricated. 

AI Cathode 

AI Anode 

Glass 

Figure 3.1: Structure of samples fabricated. 

The raw material and samples were submitted to physical and electrical 

characterization. Physical characterizations include Scanning Electron Microscope 

(SEM), Energy Dispersive X-ray spectroscopy (EDX), Atomic Force Microscope (AFM) 

and Fourier Transform Infrared Spectroscopy (FTIR). Meanwhile, the electrical 

characterization carried out is Current-Voltage (1-V) characterization. Figure 3.2 shows 

simplified flow chart ofthe methodology of this project. 
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Figure 3.2: Simplified flow chart of sample fabrication. 



3.2 Materials and Chemicals 

Materials and chemicals used in this project are listed as below: 

1. Superior quality microscope slides (25.4 x 76.2 mm (1" x 3"), 1 mm-

1.2 mm thick) 

n. J.T. Baker Acetone, 99-100% purity 

m. Ethanol, 95% purity 

tv. Sigma Aldrich MEH-PPV powder 

v. MTI Corporation Aluminum (Al) Nanopowder 

v1. MTI Corporation Silver (Ag) Nanopowder 

VII. BDH Chlorobenzene 

vm. Ionized water 

IX. Alfa AesarAluminum Wire (1 mm diameter), 99.99% 

3.3 Equipment 

Tools and equipments which are used in this project are listed as below: 

1. Sartorius Weight Balance 

n. BRANSON 1510 Ultrasonic Cleaning Machine 

111. Cookson Electronics Equipment, SCS G3P-12 Spin Coater 

IV. EDWARDS AUT0306 Thermal Evaporator 

v. KEITHLEY 420-SCS Semiconductor Characterization System 

v1. KHinD OT 2502 Oven 

vn. Perkin Elmer Spectrum One FTIR System 

vm. Nano Navi SPI 3800N AFM 



IX. ZEISS SUPRA 35 VP SEM 

X. ZEISS SUPRA 35 VP EDX 

XI. Diamond Cutter 

Xll. Glass Beaker 

Xlll. Pipette 

XIV. Wire Tape 

XV. Tweezers 

XVI. Aluminium Foils 

3.4 Experimental Setup 

3.4.1 Substrate Preparation 

In this project, glass slides were used as substrate of the device. The glass was 

cut into dimension of 1 em x 1 em to be used as the substrate. Firstly, required 

dimension of glass slide was printed on a white paper. The glass is put on top of the 

paper and ruler was placed on top of glass. The ruler was aligned to the dimension of 

the printed paper. Diamond cutter was used to draw lines on the glass into required 

dimension by using ruler as a guide. To break the glass into required dimension, 

pressure was applied softly using hand. 

After cutting, glass slides were cleaned prior to the next step. Solvent such as 

ethanol was used to remove the contaminants (e.g. oils and organic residues) from the 

surface of glass slides. Glass slides were placed in holder and put into a beaker. Then, 

ethanol was poured into the beaker until all the glass slides were immersed inside it. 

After that, the beaker was put into ultrasonic machine to perform ultrasonic bath for 30 



minutes. After 30 minutes, the holder was removed from ethanol and placed in 

deionised water for another 10 minutes in ultrasonic bath. The glass slides were then 

dried by blowing them using air-gun. To ensure the glass slides had dried completely, 

they were baked in oven at temperature of 1 00°C for 1 hour. 

3.4.2 Solution Preparation 

In this project, chlorobenzene was used as the solvent. For the first part, 

different weight percentage of Aluminum (AI) nanoparticles and Silver (Ag) 

nanoparticles dispersed on glass substrate were prepared in order to determine 

dispersion of the nanoparticles on glass substrate. The weight percentage used for both 

ofthe nanoparticles were 0.025 wt%, 0.050 wt%, 0.10 wt%, 0.15 wt%, 0.20 wt% and 

0.25 wt%. To calculate the weight of nanoparticles need in 1 ml of chlorobenzene for 

different weight percentage of solutions, the following equation 3.1 can be used. 

Weight Percentage (wt %) 
Weightofsolute 0 = . . X 1 00 YcJ --------------- (3 .1) 

WeJghtofsolutwn 

Based on equation 3.1, weight of solute is the total weight of nanoparticles 

required. Weight of solution is the total weight of chlorobenzene and nanoparticles. 

After the weight of nanoparticles required was determined, the nanoparticles 

were weighed using a balance. Firstly, the weight of small bottle was measured. Then, 

nanoparticles were added into the small bottle until the required weight was obtained. 

After that, 1 ml of chlorobenzene was measured using pipette and then added into the 

small bottles. Small bottles were placed in ultrasonic machine to perform 



ultrasonication for 2 hours to disperse the nanoparticles. During the ultrasonication, ice 

was added into the medium of the ultrasonic machine to prevent oxidation of the 

nanoparticles. After 2 hours, the solutions were used for next step which is spin coating. 

For the second part, chlorobenzene was used to dissolve MEH-PPV. Four 

solutions with different concentrations of MEH-PPV (4 mg/ml, 6 mg/ml, 8 mg/ml and 

12 mg/ml) were prepared in order to investigate the effect of concentrations on 

performance of the devices. The weight of MEH-PPV powders required were 4 mg/ml, 

6 mg/ml, 8 mg/ml and 12 mg/ml. To obtain these weights, the weight of small bottles 

was measured using a balance. Then, the MEH-PPV powders were poured into the 

small bottles until the required weights were obtained. After that, 1 ml of chlorobenzene 

was measured using pipette and then added into the small bottles. The small bottles 

were placed in ultrasonic machine for 2 hours. During ultrasonication, ice was also 

added in order to prevent the damage on the polymer from the heat generated by 

ultrasonic. After 2 hours, the solutions were used for the next step which is spin coating. 

For the last part, aluminum (Al) and silver (Ag) nanoparticles need to be added 

into a solution of 12 mg/ml. The solutions were prepared by the similar procedure as 

mentioned above. When the solutions were prepared, they were mixed with Al and Ag 

with different weight percentage (0.025 wt%, 0.05 wt% and 0.10 wt%). After adding in 

the nanoparticles, the mixtures were placed in ultrasonic bath for 2 hours. 



3.4.3 Spin Coating 

Before spin coating was started, setting of spin coater needed to be performed. 

The setting of spinning speed is 1000 revolutions per minute (rpm) for 15 seconds 

followed by 2000 rpm for 60 seconds. The spinning speed was same for all of the 

samples. Motor of spin coater was turned on for 1 minute before spinning so that spin 

coater can be warmed up. Glass slide was placed at the center of spin coater. Then, 

solution was dropped on top of the glass slide. The solution need to cover whole surface 

of the glass slide. For sample that required masking, wire tape can be used to cover the 

masking area. After that, "Start" button was pressed to begin spinning. When spinning 

was completed, the sample coated was subjected to ne~t steps. 

3.4.4 Electrode Coating 

Turbo evaporator was used to perform thermal evaporation of electrode. Anode 

was coated on the surface of glass substrate while cathode was coated on top of MEH­

PPV active layer. The material used for electrode was Aluminum (AI). To obtain 

required thickness, 0.1 g Al wire was cut and weighed on a balance. The prepared Al 

wire was then washed with acetone followed by deionised water and then dried 

completely using air gun. After dried, the prepared Al wire was put onto a tungsten 

basket which acts as holder. Meanwhile, the sample stage was also washed with acetone 

to remove contaminants followed by Decon 90 to remove metallic residues. After the 

sample stage was dried, samples were attached on it using tape. 



After the samples and AI wire were loaded into the evaporator, the dome of 

evaporator was covered and then pumped into vacuum condition. Pressure was pumped 

down to approximately 4 x 10-5Torr. When reached required pressure, current was 

increased slowly to melt the AI wire. The melted AI wire will be evaporated and coated 

on the samples. Once the samples have been coated completely, the operation would 

stop and the vacuum was turned off. After the dome was opened, the samples were 

removed from the sample stage and kept in container. 

3.5 Porphyrin and Cu- Porphyrin 

All reagents used in this research were analytical grade. Both 2, 3, 7, 8, 12, 13, 17, 18 -

Octaethyl- 21H .23H- porphine Cu(II) (Cu-porphyrin) and 2, 3, 7, 8, 12, 13, 17, 18-

Octaethyl - 21H .23H - porphine (porphyrin) were diluted in chloroform with 

concentration of 0.1 mg/ml, 0.5 mg/ml, 1.0 mg/ml, 5.0 mg/ml and 10.0 mg/ml. An 

aluminum source and drain with the thickness of 100 nm were deposited on top of the 

cleaned glass substrate through thermal evaporation and the gap distance of these metal 

electrodes were prepared through photolithography. Then, the porphyrin solutions were 

drop-casted on top of the aluminum electrodes, forming a layer of organic thin film. 

Gap distance of the aluminum source and drain were measured using optical microscope 

(OM). Scanning electron microscope (SEM) was used to analyze the surface 

morphology of the organic thin film. Finally, electrical properties of these organic 

devices were characterized using current-voltage (I-V) test. 



3.6 his {2-alkyl-(S)-( + )-2-( 6-[ 4-4-decyloxyphenylazo )-benzoyloxy ]-2-

naphthyl)propinate} (azo) 

i) Synthesis of Azo Materials: 

All the chemicals were obtained from Sigma Aldrich Chemicals (St. Louis, MO, 

USA) and Merck (Darmstadt, Germany) except for (S)-(C)-2-(6-methoxy-2-

naphthyl)propionic acid which was purchased from Tokyo Chemical Industry (Chuo, 

Tokyo, Japan). The synthesizing of azo materials of all intermediates 1-S and 

corresponding dimers 6a-6e were carried out based on the procedures as shown in Fig.l. 

A) Synthesis of 4-(4-hydroxyphenylazo)benzonitrile 

4-Cyanoaniline was dissolved in a mixture of hydrochloric acid and water with 

the ratio of 1:1. The reaction mixture was cooled in a stirred ice bath and diazotized by 

slow addition of a solution of sodium nitrite in water at temperature below S°C. 10% of 

sodium hydroxide solution was used to dissolve phenol and cooled to S°C. The reaction 

mixture was stirred prior to the addition of cold diazonium salt solution. The mixture 

was kept in an ice bath. Upon reaction completion, the mixture was poured into water 

and acidified with aqueous hydrochloric acid, whereupon the orange colour product was 

obtained. The crude product was filtered and washed with water. The product was 

orange-red in colour and dried in vacuum oven at 60oC for 24 h (yield 66%). 

B) Synthesis of 4-(4-(7decyloxy) phenylazo)benzonitrile (2a) 

4-(4-(7-decyloxy)phenylazo)benzonitrile was synthesized by suspension of 4-(4-

hydroxyphenylazo) benzonitrile, anhydrous K2C03 and KI in dry DMF. The reaction 

was carried out for 24 h at 90o C. 1-Bromodecane was added drop wise to the reaction 

mixture and was refluxed for 24 h. Upon completion of the reaction, the mixture was 



filtered and washed with excess of DMF. The filtrate was poured into ice w~ter, 

extracted using diethyl ether and dried with anhydrous sodium sulphate. The solvent 

was removed under vacuum and purified by column chromatography (silica gel, 

chloroform). An orange-coloured solid was obtained with 75% yield. 

C) Synthesis of 4-(4-(7-decyloxy)phenylazo)benzoic acid (3a) 

A mixture of 4-(4-(7-decyloxy) phenylazo) benzonitrile, potassium hydroxide 

and ethanol was refluxed for 4h. The reaction mixture was poured into water and 

acidified with aqueous hydrochloric acid. The crude product was filtered and washed 

with water. The crude product was recrystallized from ethanol (yield 95% ). 

D) Synthesis ofbis{2-heptyl-(S)-(+)-2-(6-methoxy-2-naphthyl)- propionate}(4a) 

(S)-(+)-2-(6-Methoxy-2-naphthyl) propionic acid, 1,6-hexanediol and DMAP 

were added in dry dichloromethane. Then, DCC was added before the mixture was 

stirred at room temperature for 3h. The precipitate formed was obtained by filtration. 

The solution was washed with 5% acetic acid, followed by saturated NaCl and water. 

The organic layer was dried over anhydrous MgS04 and filtered. The solvent was 

stripped out under reduced pressure. The product was purified by column 

chromatography using dichloromethane as eluent and recrystallised using ethanol where 

white solid were obtained (yield 92% ). The similar procedure was used for the 

preparation of compounds 4a-4e. 

E) Synthesis of bis{2 -heptyl-(S)-( + )-2 -(6-hydroxy-2-naphthyl)propionate} (5a) 

Bis{2-hexyl-(S)-( + )-2-( 6-methoxy-2-naphthyl)propionate} was dissolved in dry 

dichloromethane and cooled to -20°C. BBr3 was added slowly under inert atmosphere 

under stirring condition. The reaction was monitored by TLC. Dichloromethane was 



added upon completion of reaction. The solution was poured into ice-cold saturated 

NH4Cl solution. The mixture was stirred and the organic layer was washed with 

saturated NaCl solution, water and dried over anhydrous MgS04 and filtered. The 

solvent was stripped out under reduced pressure. The product was purified by column 

chromatography using dichloromethane and ethylacetate (5:1) mixture which gave 

white solid (yield 81 %). The similar procedure was adopted for the preparation of 

compounds 5b-5e. 

F) Synthesis of bis{2-hexyl-(S)-(+ )-2-(6-[ 4-4-deccyloxyphenylazo)benzoyloxyj-2-

naphthyl)-propinate} (6a) 

Compound Sa, 4-(4-(7-decyloxy) phenylazo) benzoic acid and DCC were added 

in dry dichloromethane. Next, DMAP was added and the mixture was stirred at room 

temperature for overnight before the precipitated materials were removed by filtration. 

The solvent was stripped out under reduced pressure. The product was purified by 

column chromatograp?y using dichloromethane as eluent and recrystallised using 

ethanol which gave white solid (yield 86%). The similar procedure was adopted for the 

preparation of compounds 6b-6e. Purified compounds of 6a-6e were used for device 

application. 
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Figure 3.3: Synthetic scheme towards the formation of compounds 6a-6e 

ii) Device Fabrication: 

Bottom-gate and top-contact OFET was fabricated on a glass substrate as shown 

in Fig.2. Mixture of extracted natural Aloe vera paste (20 g) from fresh leaves with 1.5 

wt% of Si02 NPs, acquired commercially from Sigma Aldrich, has been used as 

dielectric material. Besides, 1.0 mg of azo (7 azo and 9 azo) was dissolved in 1.0 ml 

chloroform and was used as a semiconductor material. Glass substrates with 1 x 1-cm2 

area were cleaned by using acetone, ethanol and de-ionized water in an ultrasonic bath. 

The glass substrates were further dried in an oven at 1 00°C for an hour. Then, 1 00-nm 

thick aluminum (Al) layer acting as gate electrode was evaporated (turbo thermal 

evaporator K950X) on the glass substrate. The extracted natural Aloe vera with 1.5 wt% 

Si02 NPs, acting as the gate dielectric, was then screen printed on top of the aluminum 



layer. The screen printing mask was used so that the thickness of the printed dielectric 

layer will be uniformed. The printed dielectric was dried at room temperature for 30 

min before the mask was removed. The samples were further dried at room temperature 

for another 24 h. The solidified natural Aloe vera blended with 1.5 wt% Si02 NPs on 

aluminum layer was additionally dried in an oven at 40°C for 30 min in order to 

accomplish the cross-linked reaction in the natural Aloe vera. After that, azo solution 

was dropped cast on top of the dielectric layer. The samples were placed on the hotplate 

for heat treatment at 1 00°C. The samples were then cooled down gradually to room 

temperature. Azo materials will melt when exposed to heat treatment process and form 

into crystal when cool it down slowly. Refer Table 1 for the phase transition 

temperatures and enthalpies for azo materials. Finally, an array of aluminum was 

thermally evaporated through a shadow mask on top of the semiconductor layer. The 

array of metal served as top-contact electrode of the device. The channel length (L) and 

width (W) was 1.7 mm and 2.5 mm, respectively. Output and transfer characteristics of 

the OFET were performed using a computer controlled Semiconductor Parameter 

Analyzer (Agilent 4156C) at room temperature. 

I Al(Source) I I Al(Drain) I 
Azo materials 

Aloe vera +Si02 

AI (Gate) 

Glass Substrate 

Figure 3.4: Bottom-gate and top-contact OFET 



Table 3.2: Phase transition temperatures ec) and enthalpies [J/g] for azo materials. 
' . 

Phase sequence 
Compound 

Heating Cooling 

6 (6a) Cr 107 [30.5] I I 105 [0.9] N 94a SmA 84 [28.6] Cr 

7 (6b) Cr 105 [32.7] I I 104 [0.8] N 96a SmA 82 [29.9] Cr 

8 (6c) Cr 103 [ 46.2] I I 101 [0.8] N 95a SmA 82 [46.8] Cr 

9 (6d) Cr 104 [44.9] I I 99 [0.7] N 91a SmA 81 [41.4] Cr 

10 (6e) Cr 103 [39.2] I I 97 [1.1] N 88a SmA 79 [36.0] Cr 
' 

3.7 Fullerene (C60) 

Bottom-gate and top-contact OFET was fabricated on a glass substrate. Mixture 

of extracted natural Aloe vera paste (20 g) from fresh leaves with 1.5 wt% of Si02 NPs, 

acquired commercially from Sigma Aldrich, 51 have been used as dielectric material. 

Glass substrates with 1 x 1-cm2 area was cleaned using ethanol and de-ionized water in 

an ultrasonic bath and dried in an oven at 1 oooc for an hour. Then, a 1 00-nm thick 

aluminum layer acting as gate electrode was evaporated (AUTO 306) on the glass 

substrate. The extracted natural Aloe vera with 1.5 wt% Si02 NPs, acting as the gate 

dielectric, was then screen printed on top of the aluminum. The screen printing mask 

was used so that the thickness of the printed dielectric layer can be uniform. The printed 

dielectric was dried at room temperature for 30 min before the mask was removed. The 

sample was further dried at room temperature for another 24 h. The solidified natural 

Aloe vera with 1.5 wt% Si02 NPs on aluminum layer was additional dried in an oven at 

40°C for 30 min in order to accomplish cross-linked reaction in the natural Aloe vera. 

After that, a 250-nm thick of C60 with 99.9% purity (Sigma-Aldrich) was thermally 

evaporated as received under high vacuum (4 x 10-5 mbar) onto the 226±2 nm thick 



dielectric layer. Finally, an array of ah:uninum, with area of 0.64 mm2 each, was 

thermally evaporated through a shadow mask on top of the semiconductor layer. The 

array of metal served as top-contact electrode of the device. The channel length (L) and 

width (W) were 0.01 mm and 0.79 mm, respectively. Schematic of the OFET with 

related dimensions are shown in Fig. 1. Output and transfer characteristics of the OFET 

were performed using a computer controlled Semiconductor Parameter Analyzer 

(Agilent 4156C) at room temperature and capacitance-voltage characteristic was 

measured by a LCR meter (Agilent 4282). The surface energy of dried natural Aloe vera 
II 

layer and the similar layer with blended Si02 was determined by a two-liquid technique 

with deionized water as a polar solvent and diiodomethane (Sigma-Aldrich and 99.0% 

purity) as a non-polar solvent with the contact angle between the solid substrate and 

those liquid measured by a goniometer (Rame-hart 260-F4) and computed by a 

DROPimage software (Advanced v2.5). The thickness of dielectric layer was measured 

using a field-emission scanning electron microscope (ZEISS SUPRA 35VP) from a 

cross-sectional view of the sample. A series of measurements were carried out in the 

cross-section at 3 difference places for the same sample. 

3.8 Physical Characterization 

Raw material and substrate which were coated with MEH-PPV had undergone 

physical characterization such as SEM, EDX, AFM and FTIR. 

3.8.1 Scanning Electron Microscope (SEM) 

SEM is a type of electron microscopy which is used to investigate sample 

surface by scanning sample with a high-energy beam of electrons in raster scan pattern. 

The electrons interact with the atoms and producing signals which contain information 

about the sample's composition, surface topography and other properties. For the first 



part, 12 samples with different weight percentage of Al and Ag nanoparticles (0.025 

wt%, 0.050 wt%, 0.10 wt%, 0.15 wt%, 0.20 wt% and 0.25 wt%) were dispersed on 

glass substrate and subjected to SEM test. The magnifications used were 1 kX, 5 kX, 10 

kX, 30 kX and 50 kX. For the second part, 4 samples with different concentration of 

MEH-PPV (6 mg/ml, 8 mg/ml, 10 mg/ml and 12 mg/ml) were spin-coated on glass 

substrate and subjected to undergo SEM test. The magnifications used were 500 X, 1 

kX, 5 kX, 10 kX and 50 kX. For the last part, 6 samples of added with different weight 

percentage of Al and Ag (0.025 wt%, 0.050 wt% and 0.10 wt% respectively) were 

prepared to undergo SEM test. All of the samples were coated with platinum before 

they can be tested by SEM. Coating with platinum can prevent accumulation of charges 

on the samples so that clear images can be obtained. 

3.8.2 Energy Dispersive X-ray Spectroscopy (EDX) 

Energy dispersive X-ray spectroscopy is a relatively simple yet powerful 

technique used to identify the elemental composition of as little as a cubic micron of 

material. The equipment is attached to the SEM to allow for elemental information to be 

gathered about the specimen under investigation. This technique depends on the 

investigation of an interaction of some source of X-ray excitation and a sample. Each 

element has a unique atomic structure. Hence, all elements have their unique set of 

peaks on X-ray spectrum. By analyzing the X-ray spectrum, the elements can be 

identified. 

In this project, 4 samples with different concentrations of MEH-PPV (6 mg/ml, 

8 mg/ml, 10 mg/ml and 12 mg/ml) and 6 samples added with different weight 

percentage of Aland Ag (0.025 wt%, 0.050 wt% and 0.10 wt%) were prepared to under 

EDX analysis. 



3.8.3 Atomic Force Microscope (AFM) 

Atomic Force Microscope (AFM) is a very high-resolution type of scanning 

probe microscopy, with a resolution on the order of nanometer. AFM provides a 3D 

profile of the surface on a nanoscale, by measuring a sharp probe (<10 nm) and surface 

at very short distance (0.2 - 10 nm probe and sample separation). In this project, 8 

samples were prepared to undergo AFM. These samples were glass slide, sample with 

12 mg/mL of MEH-PPV, 6 samples added with different weight percentage of Aland 

Ag nanoparticles (0.025 wt%, 0.050 wt% and 0.1 0 wt% ). The scanning ranges used for 

AFM were 5 J..lm and 10 J..lm. 

3.8.4 Fourier Transform Infrared Spectroscopy (FTIR) 

Fourier Transform Infrared Spectroscopy (FTIR) is a technique used to obtain an 

infrared spectrum of absorption, emission, photoconductivity or Raman scattering of a 

solid, liquid or gas. In FTIR, infrared (IR) radiation is passed through a sample. Some of 

the infrared radiation is absorbed by the sample and some of the IR is transmitted. The 

resulting spectrum represents molecular absorption and transmission creating a 

molecular fingerprint of the sample. The spectrum obtained can be used to identify 

unknown materials, determine the quality or consistency of a sample and amount if 

components in a mixture. 

In this project, MEH-PPV powder, 4 samples with different concentrations of 

MEH-PPV (6 mg/ml, 8 mg/ml, 10 mg/ml and 12 mg/ml), 6 samples added with 

different weight percentage of AI and Ag nanoparticles (0.025 wt%, 0.050 wt% and 

0.10 wt%) had prepared to undergo FTIR. FTIR was performed in transmission mode 

for all the samples. Scanning time used is 8 times. Minimum and maximum 

wavelengths used were 400 cm-1 and 4000 cm-1
• 



3.9 Electrical Characterization 

Samples with different parameters were subjected to undergo electrical 

characterization which is Current-Voltage (I-V) measurement. Current-voltage (I-V) 

measurement could be performed using Precision Semiconductor Parameter Analyzer 

(SPA). The SPA model used in I-V measurement was KEITHLEY 420-SCS 

Semiconductor Characterization System. Vacuum system had to be switched on to 

locate the probe station before measuring. Sample was placed on the stage and then the 

probe was adjusted to connect with the electrode of sample. It had to be very careful 

when connecting electrodes with probes because to avoid the probe damage on the. 

sample. This step was aided using stereoscope. Setting for this machine was done before 

measuring. "Diode" was chosen as tested device. The anode was set to be SMU 1 and 

the cathode was set to be SMU 3. Sweep mode was used during measuring, starting 

from -10 volt (V) to 10V. Figure 3.3 shows the schematic diagram of testing setup. 

SMU 
SMLJ 1 

AI (::lthodP 

Figure 3.5: Schematic diagram of I-V testing setup. 



CHAPTER4 

RESULTS & DISCUSSION 

4.0 poly[2-methoxy-5-(2 '-ethylhexyloxy)-1,4-phenylenevinylene] (MEH-PPV) 

4.1 Introduction 

This chapter comprises results of raw materials, physical and electrical 

characterization. The results were from Scanning Electron Microscopy (SEM), Energy 

Dispersive X-ray spectroscopy (EDX), Atomic Force Microscope (AFM), Fourier 

Transform Infrared Spectroscopy (FTIR) and Current-Voltage (I-V) characterization. 

The results obtained from these characterizations were discussed in this chapter. 

4.2 Raw Material Characterization 

In this project, SEM was used to characterize the Aluminum (AI) and Silver (Ag) 

nanoparticles. The magnification used was 50 kX. At this magnification, the shape of 

the nanoparticles can be observed. Figure 4.1 shows that AI nanoparticles are in 

spherical shape. However, AI nanoparticles are agglomerated into cluster form. Figure 

4.2 shows that Ag nanoparticles are also in spherical shape. 

Besides shape, the sizes of nanoparticles can also be determined using SEM. 

From Figure 4.1, the average size of AI nanoparticles is 66.27 nm. Meanwhile, from 

Figure 4.2, the average size of Ag nanoparticles is 52.87 nm. According to data sheet 

provided by supplier (MTI Corporation), AI nanoparticles should have smaller size (18 



nm) compared to Ag nanoparticles (50 nm). However, this is in the other way round 

compared to the measurement taken from SEM. This indicates that Al nanoparticles 

have been agglomerated more severely due to their smaller particle size which leads to 

higher surface energy (Cao et al., 2012). Hence, the reduction of overall surface energy 

can be occurring through combining individual Al nanoparticles to form larger structure 

in order to reduce the overall surface area (Cao et al., 2012). 

Figure 4.1: SEM image of Al nanoparticles at 50 kX magnification. 



Figure 4.2: SEM image of Ag nanoparticles at 50 kX magnification. 

4.3 Physical Characterization 

Physical characterization is used to investigate the physical properties of 

samples such as surface morphology, surface roughness and chemical composition. 

4.3.1 Analysis of SEM 

For the first part of project, 12 samples with different weight percentage of Al 

and Ag nanoparticles (0.025 wt%, 0.050 wt%, 0.10 wt%, 0.15 wt%, 0.20 wt% and 0.25 

wt%) which were dissolved in chlorobenzene were subjected to SEM test. The 



magnification used was 1 k:X. The purpose of characterize these samples is to 

investigate the dispersion of different weight percentage of Al and Ag nanoparticles on 

glass substrate. 

Based on Figure 4.3, it is found that as the weight percentage of nanoparticles 

increased, the dispersion of nanoparticles has become more agglomerated. In general, 

nanoparticles possess a large fraction of surface atom per unit volume (Cao et al., 2012). 

Due to the huge surface area, nanoparticles possess a huge surface energy and thus, are 

thermodynamically unstable or metastable (Cao et al., 2012). This is because 

nanoparticles have very large surface energies that drive spontaneous room temperature 

agglomeration (Riman et al., 2009). 

Based on Figure 4.3, the dispersion of0.025 wt%, 0.050 wt% and 0.10 wt% Al 

nanoparticles on glass substrate are still acceptable and can be adapted to the last part of 

this project which is final device fabrication. For 0.15 wt%, 0.20 wt% and 0.25 wt% of 

AI samples, agglomeration has occurred badly and these samples are not suitable for 

final device fabrication. In order to compare between AI and Ag nanoparticles, the 

weight percentage of both nanoparticles selected for the last part of project should be 

the same. Hence, 0.025 wt %, 0.50 wt% and 0.10 wt% were also selected for Ag 

nanoparticles in final device fabrication. 
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Figure 4.3: SEM images of different weight percentages of AI and Ag nanoparticles. 
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Figure 4.3(continued): SEM images of different weight percentage of Al and Ag 
nanoparticles. 

For the second part of project, 4 samples with different concentration of MEH-

PPV (6 mg/ml, 8 mg/ml, 10 mg/ml and 12 mg/ml) were spin-coated on glass and 



subjected to SEM test. The magnifications used were 1 kX and 50 kX. The purpose of 

characterize these samples is to investigate the uniformity of the MEH-PPV layer on 

glass substrate. The uniform surface of MEH-PPV layer indicated that the film had 

covered the substrate completely. 
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Fig_ure 4.4: SEM images of different concentration of MEH-PPV. 
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Figure 4.4(continued): SEM images of different concentration ofMEH-PPV. 

For the last part of project, 6 samples with different percentage of Al and Ag 

nanoparticles (0.025 wt%, 0.050 wt% and 0.10 wt%) added into 12 mg/ ml 

concentration of MEH-PPV layer were subjected to SEM test. Compared to other 

concentration ofMEH-PPV (6 mg/ml, 8 mg/ml and 10 mg/ml), 12 mg/ml concentration 

of MEH-PPV was chosen because it has shown the better electrical properties during 

the 1-V measurement. The magnifications used were 1 kX and 50 kX. The purpose of 

this test is to check the dispersion of nanoparticles in the MEH-PPV matrix. Based on 

Figure 4.5 and 4.6, the dispersion of AI and Ag nanoparticles in MEH-PPV matrix are 

better compared to those dispersed without MEI-1-PPV matrix, as shown in Figure 4.3. 

This is because due to the hydrophobicity of AI and Ag nanoparticles surface, both of 

these particles can be dispersed successfully in the organic system such as polymer 



matrix but it is more difficult to be dispersed in aqueous system (Cheng et al., 2006). 

Also, Al and Ag nanoparticles are not easy to be dispersed in aqueous system due to 

their high surface energy (Cheng et al., 2006). However, under high magnification (50 

kX), agglomeration can still be observed. The cluster form of Al and Ag nanoparticles 

are measured. 
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Figure 4.5: SEM images of different weight percentage of AI nanoparticles. 
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Figure 4.6: SEM images of different weight percentage of Ag nanoparticles. 



4.3.2 Analysis of EDX 

EDX is an analytical technique used for the elemental analysis or chemical 

characterization of a sample. The purpose of this analysis is to analyze the presence of 

elements on the samples. From the second part of project, 4 samples with different 

concentration of MEH-PPV (6 mg/ml, 8 mg/ml, 10 mg/ml and 12 mg/ml) were spin-

coated on glass and sent to EDX analysis. Figure 4. 7 shows EDX analysis of the 

samples mentioned above. 

The results ofEDX analysis showed in Figure 4.7 are summarized into Table 4.1. 

From Table 4.1, it is shown that carbon, oxygen, sodium and silicon were detected in 

the samples. Carbon and oxygen are the elements in MEH-PPV while sodium and 

silicon are elements in glass. Based on the results, the atomic percentage (at %) of 

carbon increased as the concentration of MEH-PPV increased from 6 mg/ml to 12 

mg/ml. The reason is that the increases of concentration of MEH-PPV will results more 

carbon content in the samples as the backbone of MEH-PPV is composed of carbon 

atoms. 

Table 4.1: Atomic percentage of elements in samples with different concentration of 
MEH-PPV. 

Samples Elements (At%) 

c 0 Na Si 
6 mg/ml 26.01 39.83 6.49 27.67 

8 mg/ml 27.90 38.50 6.64 26.96 

10 mg/ml 33.15 37.65 3.38 25.82 

12 mg/ml 41.62 . 31.84 4.61 21.94 
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Figure 4.7: EDX analysis of samples with (a) 6 mg/ml (b) 8 mg/ml (c) 10 mg/ml (d) 12 

mg/ml concentration of MEH-PPV. 

From the last part of project, 6 samples with 12 mg/ml concentration of MEH-

PPV mixed with different weight percentage of AI and Ag nanoparticles (0.025 wt%, 

0.050 wt% and 0.10 wt%) were spin-coated on glass and characterized by EDX analysis. 

Figure 4.8 shows EDX analysis of samples with 12 mg/ml MEH-PPV mixed with 

different percentage of AI nanoparticles. 



The results of EDX analysis in Figure 4.8 are summarized into Table 4.2. Based 

on the results, the atomic percentage of Al increased as the weight percentage of Al 

nanoparticles increased from 0.025 wt% to 0.050 wt%. This is because the increase of 

weight percentage of Al nanoparticles will result more Al content in the samples. 

Theoretically, sample contains O.lOwt% Al nanoparticles should have the highest 

atomic percentage of Al. However, this is not shown as the atomic percentage of Al 

decreased as the weight percentages of Al nanoparticles increased from 0.050 wt% to 

0.10 wt%. This is because some of the Al nanoparticles were agglomerated and only 

one point of the sample was selected to undergo EDX analysis. Therefore, the results 

obtained were different with the theory. 

Table 4.2: Atomic percentage of elements in samples with 12 mg/ml MEH-PPV mixed 
with different weight percentages of Al nanoparticles. 

Samples Elements (At%) 

c 0 Mg AI Si 
0.025 wt% 62.71 15.40 0.00 15.80 6.09 

0.050 wt% 63.99 9.61 0.00 26.40 0.00 

0.100 wt% 62.50 11.30 1.85 21.59 2.76 
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Figure 4.8: EDX analysis of samples with 12 mg/ml mixed with different weight 
percentage of Al nanoparticles. (a) 0.025 wt% (b) 0.050 wt% (c) 0.10 wt% 

Figure 4.9 shows the EDX analysis of samples with 12 mg/ml MEH-PPV mixed 

with different weight percentage of Ag nanoparticles (0.025 wt%, 0.050 wt% and 0.10 

wt%). The results of EDX analysis in Figure 4.9 are summarized into Table 4.3. 

Theoretically, the atomic percentage of Ag should be increased as the weight percentage 

of Ag nanoparticles used is increased. However, this is not shown in the results. Based 

on the results, the atomic percentage of Ag is decreased as the weight percentage of Ag 

nanoparticles is increased from 0.025 wt% to 0.050 wt% and then increased again when 

the weight percentage of Ag nanopm1icles is increased from 0.050 wt% to 0.1 0 wt%. 

The reason for this non-linear trend is same as mentioned above. 



Table 4.3: Atomic percentage of elements in samples with 12 mg/ml MEH-PPV mixed 
with different weight percentages of Ag nanoparticles. 

Samples Elements (At%) 

c 0 Si Ag 
0.025 wt% 53.29 7.49 4.30 34.92 

0.050 wt% 68.21 10.58 0.00 21.21 

0.100 wt% 69.17 7.69 0.00 23.14 
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Figure 4.9: EDX analysis of samples with 12 mg/ml mixed with different weight 
percentages ofAg nanoparticles. (a) 0.025 wt% (b) 0.050 wt% (c) 0.10 wt% 



4.3.3 Analysis of AFM 

AFM was used to study the morphology of samples with different parameters. In 

this project, 8 samples were sent to AFM analysis. The samples are 1 empty glass, 1 

glass spin-coated with 12 mg/ml MEH-PPV, 6 glasses spin-coated with 12 mg/ml 

MEH-PPV mixed with different weight percentage of Al and Ag nanoparticles (0.025 

wt%, 0.050 wt% and 0.10 wt%). The frames selected for scanning are 5 !J.m2 and 10 

!J.m2
• The 3D topography of these samples is shown in Figure 4.1 0. 

Based on Figure 4.1 0, glass has the smoother surface compared to the other 

samples. However, there are some peaks observed on the 3D topography of the glass. 

These peaks are due to the roughness of the glass surface. Compared to glass, sample 

with 12 mg/ml concentration ofMEH-PPV has higher peaks. These peaks are due to the 

roughness ofMEH-PPV layer on the glass substrate. 

From Figure 4.10, we found that the peaks in the samples with 12 mg/ml MEH­

PPV mixed with different weight percentage of Al nanoparticles are higher compared to 

those peaks in samples with pure 12 mg/ml MEH-PPV layer. This indicates that the 

incorporation of Al nanoparticles into MEH-PPV layer has increased the surface 

roughness of the layer. The Al nanoparticles are agglomerated and hence, increased the 

surface roughness of the samples. 

For samples with 12 mg/ml MEH-PPV mixed with different weight percentage 

of Ag nanoparticles, we found that the peaks obtained are lower compared to samples 

with pure MEH-PPV layer. This indicates that the Ag nanoparticles were dispersed 

more uniform compared to AI nanoparticles. This is because AI nanoparticles supplied 



by MTI Corporation have smaller particle size compared to the Ag nanoparticles. As 

discussed previously in SEM measurement, smaller particles size will lead to higher 

surface energy which causing the Al nanoparticles to be agglomerated. Hence, the 

dispersion of Ag nanoparticles in MEH-PPV is more uniform compared to Al 

nanoparticles. 
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Figure 4.10: 3D topography of glass, samples with 12 mg/ml concentration of MEH­
PPV and samples with 12 mg/ml MEH-PPV mixed with different weight 
percentage of AI and Ag nanoparticles. 
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Figure 4.1 O(continued): 3D topography of glass, samples with 12 mg/ml concentration 
of MEH-PPV and samples with 12 mg/ml MEH-PPV mixed 

with different weight percentage of AI and Ag nanoparticles. 
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Figure 4.1 O(continued): 3D topography of glass, samples with 12 mg/ml concentration 

of MEH-PPV and samples with 12 mg/ml MEH-PPV mixed 

with different weight percentage of AI and Ag nanoparticles. 



Based on Figure 4.1 0, three peaks were measured for each of the samples added 

with different weight percentage of Al and Ag nanoparticles. The average size obtained 

from these peaks is tabulated into Table 4.4 and then, compared with the average size of 

cluster (Al and Ag nanoparticles) obtained from SEM analysis in Figures 4.5 and 4.6. 

The purpose of this comparison is to ensure that the peaks found in AFM of these 

samples are due to the agglomeration of Al and Ag nanoaprticles. No comparison is 

done for glass and samples with pure MEH-PPV layer because there is no information 

provided by SEM analysis. Based on Table 4.4, the average size of cluster found in 

AFM are very close to the measurement obtained from SEM analysis. Hence, it can be 

said that the peaks in AFM of samples added with different percentage of AI and Ag 

nanoparticles are due to the agglomeration of these nanoparticles. 

Table 4.4: Comparison of average size of cluster (Al and Ag nanopaticles) between 
AFM and SEM analysis. 

Average Size of Cluster (Agglomerated Nanoparticles) 
Tests AI (wt%) Ag (wt%) 

0.025 0.050 0.10 0.025 0.050 0.10 
SEM 659nm 887nm 481 nm 309nm 278 run 360nm 
AFM 562nm 614 nm 582nm 498nm 369 nm 472nm 

Surface roughness is determined using root-mean-square (RMS). RMS of glass 

and samples with 12 mg/ml MEH-PPV mixed with different weight percentage of Al 

and Ag nanoparticles have been tabulated into Table 4.5 and also plotted in Figure 4.11. 

Based on Table 4.5, it is shown that glass has the lowest RMS value. This indicates that 

glass has the smoothest surface among the samples. As mentioned earlier, samples with 

pure 12 mg/ml concentration of MEH-PPV layer (0 wt% of both AI and Ag 



nanoparticles) has higher surface roughness compared to glass. Hence, it has higher 

RMS value compared to glass. 

From Table 4.5, RMS values for samples added with different weight percentage 

of Al nanoparticles are higher than the RMS value of sample with pure MEH-PPV layer. 

This indicates that the surface of samples added with Al nanoparticles is rougher than 

the surface of sample with pure MEH-PPV layer. For samples with different weight 

percentage of Ag nanoaprticles added, the RMS values are lower than sample with pure 

MEH-PPV layer. This indicates that samples with Ag nanoparticles have smoother 

surface compared to sample with pure MEH-PPV layer. This is because the dispersion 

of Ag nanoparticles is more uniform compared to the dispersion of AI nanoparticles. 

Hence, there is less agglomeration in these samples. 

Theoretically, as the weight percentage of nanoparticles added is increased, the 

RMS value should be increased too. However, this is not shown in Figure 4.11. The 

RMS value is decreased as the weight percentage of AI nanoparticles added is increased 

from 0.025 wt% to 0.050 wt%, and then increased again when the weight percentage of 

AI nanoparticles added increased from 0.050 wt% to 0.10 wt%. The trend was non­

linear because the AI nanoparticles were not well-dispersed and only one point was 

selected for AFM analysis. For samples with Ag nanoparticles added, the RMS value is 

decreased as the weight percentage of Ag nanoparticles added is increased. This is due 

to the same reason as mentioned earlier. 



Table 4.5: RMS of glass and samples with 12 mg/ml MEH-PPV mixed with different 
weight percentage of AI and Ag nanoparticles. 

Samples Glass AI (wt%) Ag (wt%) 

0 0.025 0.050 0.10 0 0.025 0.050 0.10 

RMS 2.22 16.43 40.58 33.10 51.71 16.43 16.41 11.87 11.32 
(nm) 
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Figure 4.11: Comparison of RMS of glass and samples with 12 mg/ml concentration of 
MEH-PPV mixed with different weight percentage of AI and Ag 
nanoparticles. 

4.3.4 Analysis of FTIR 

In this project, FTIR testing was performed in transmittance mode. Figures 4.12, 

4.13, 4.14 and 4.15 show FTIR spectra of MEH-PPV powder, samples with different 

concentration of MEH-PPV, samples with different weight percentage of AI 



nanoparticles and samples with different weight percentage of Ag nanoparticles, 

respectively. 

Figure 4.12 shows the FTIR spectra ofMEH-PPV powder. Based on Figure 4.12, 

the spectra show the bands at 3444 cm-1
, 3057 cm-1

, 2926 cm-1
, 2862 cm-1

, 1502 cm-1
, 

1461 cm-1
, 1253 cm-1

, 1203 cm-1
, 1038 cm-1and 966 cm-1

• The analysis ofthesebands is 

summarized into Table 4.6. 
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Figure 4.12: FTIR spectra ofMEH-PPV powder. 



Table 4.6: Analysis ofMEH-PPV FTIR spectra (Science-and-fun.de, 2000). 

Labels 

a 
b 
c 

d 
e 

f 

g 
h 
i 
j 

Infrared band 
observed in MEH-

PPV (cm-1
) 

3444 
3057 
2926 
2862 
1502 

1461 

1253 
1203 
1038 
966 

Assignments 

0-H stretching vibration 
=C-H stretching vibration 
Asymmetric C-H stretching vibration -CH2 group 
Symmetric CH3 stretching vibration in ~-CH3 group 
Symmetric C-H deformation vibration m -0-CHz 
group 
Symmetric CH2 deformation vibration m -0-CHz 
group 
C-C vibration 
C-0 stretching vibration 
C-C skeleton vibration 
Vinyl C-Hout-of-plane bend 

Based on Table 4.6, the FTIR bands are compared and related to the MEH-PPV 

structure. The MEH-PPV structure is shown in Figure 4.13. All of the bands obtained 

are complying with the MEH-PPV vibration modes except for band at 3444 cm-1
• 

eaadf_ ---• c 

J 

I 
g 

Figure 4.13: Structure ofMEH-PPV (Kamarulzaman et al., 2011). 



During FTIR analysis, transmittance mode was selected. Based on Figure 4.14, 

4.15 and 4.16, the spectra of all ofthe samples show bands at 3057 cm·1
, 2928 cm·1 and 

2859 cm·1 except the spectra of glass. The band at 3057 cm·1 is referring to =C-H 

stretching vibration while the band at 2928 cm·1 refers to the C-H stretching vibration in 

-CH2 group (Science-and-fun.de, 2000). Besides, band at 2859 cm·1 is corresponding to 

the CH3 stretching vibration in -O-CH3 group (Science-and-fun.de, 2000). Based on 

Figures 4.15 and 4.16, no information is found for AI and Ag nanoparticles. 

Compared to MEH-PPV powder, fewer groups are found in these samples. Only 

3 groups are found: group of =C-H stretching vibration, group of C-H stretching 

vibration and group of CH3 stretching vibration. This could be due to the thickness of 

the MEH-PPV layer. The thickness of MEH-PPV layer is very thin if compared to the 

glass (1 mm thick). Thus, the thickness of MEH-PPV layer could be negligible. When 

infrared passed through the samples, most of the infrared was transmitted or absorbed 

by the glass. Therefore, the glass would affect the results obtained as the spectrum 

produced would be more to the glass rather than MEH-PPV layer. As a result, the 

groups that found in these samples in Figure 4.14, 4.15 and 4.16 are very weak. 
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Figure 4.14: FTIR spectra of glass and samples with different concentration of MEJ-I­
PPV at wavenumber (a) 1000 em·' to 4000 em·' (b) 400 em·' to 1000 em·'. 
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Figure 4.15: FTIR spectra of glass and samples added with different \vcight percentage 
of AI nanoparticles at wavenumber (a) 1000 cm- 1 to 4000 cm- 1 (h) 400 em· 
1 to 1000 cm-1
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Figure 4.16: FTIR spectra of glass and samples added with different weight percentage 
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4.4 Electrical Characterization 

Electrical characterization was used to investigate electrical properties of the 

samples. In electrical characterization, I-V measurement was carried out to determine I­

V characteristics of the samples. 

4.4.1 Analysis for 1-V Measurement 

I-V measurement had been performed on the samples to investigate their 

electrical properties. For the second part of this project, 4 samples with different 

concentration of MEH-PPV (6 mg/ml, 8 mg/ml, 10 mg/ml and 12 mg/ml) were 

measured. By using Sigma Plot 10, the obtained I-V results were then converted into 

log I-V curve, as shown in Figure 4._17. 

Based on Figure 4.17, current is increased as the concentration of MEH-PPV is 

increased. This indicates that current output could be increased by increasing the 

concentration of MEH-PPV. This is because polymers are composed of polycrystalline 

and amorphous phases. The amorphous phases of polymers will limit the carrier 

mobility because the hoping process in this disorder region is difficult (Li et al., 2011 ). 

As the concentration of MEH-PPV is increased, the crystalline phase in MEH-PPV will 

be increased too. Hence, the current output of MEH-PPV will be increased. Based on 

Figure 4.17, sample with 12 mg/ml concentration of MEH-PPV has the highest current 

output and better performance compared to other concentration ofMEH-PPV. 
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Figure 4.17: Current-voltage plots of samples with different concentration ofMEH-PPV. 

12 mg/ml concentration ofMEH-PPV was chosen to proceed to next parameters 

(incorporation of Al and Ag nanoparticles ). The reason to choose concentration of 12 

mg/ml is due to the better electrical properties compared to other concentration of 

MEH-PPV. Different weight percentage of AI and Ag nanoparticles (0.025 wt%, 0.050 

wt% and 0.10 wt%) were added into 12 mg/ml MEH-PPV and then spin-coated on 

substrate. Based on Figure 4.18, the conductivity of samples with different weight 

percentage of AI and Ag nanoparticles added are different from the sample with pure 

MEH-PPV. This indicates that the incorporation of Al and Ag nanoparticles will alter 

the electrical properties of devices. Theoretically, the incorporation of these metallic (AI 

and Ag) nanoparticles should enhance the current output of devices. This is because the 

surface plasmonic resonance able to enhance the electric field around the metal 

nanoparticles (Samac et al., 2011 ). However, this is not up to expectation for some 

oarameters due to the agglomeration of nanooarticles. 
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Figure 4.18: Current-voltage plots of samples with different weight percentage of AI 

and Ag nanopartides added. 

For samples with different weight percentage of Al nanoparticles added, we 

expect that the current output should be higher than sample with pure MEH-PPV, and 

increased as the weight percentage of AI nanoparticles added is increased. However, 

this is not shown in Figure 4.18. Based on Figure 4.18, only sample added with 0.025 

wt% AI nanoparticles shows the improved current output. The samples added with 

0.050 wt% and 0.10 wt% of AI nanoparticles show lower current output compared to 

pure MEH-PPV. The lower performance of these samples is mainly due to the 

agglomeration of nanoparticles in MEH-PPV. This is shown in the AFM analysis as the 

RMS value of sample added with different weight percentage of AI nanoparticles is 

higher compared to sample with pure MEH-PPV. The agglomeration will induced 

inhomogeneous distributions of nanoparticles in the polymer, hence affecting electrical 

conductivity of the samples (Mariatti ct al., 20 I 0). 



For samples with different weight percentage of Ag nanoparticles added, the 

current output is increased as the weight percentage of Ag nanoparticles added is 

increased. However, the sample with 0.025 wt% Ag nanoparticles added has lower 

current output than sample with pure MEH-PPV. This is because this sample has lower 

filling factor compared to the samples added with 0.050 wt% and 0.10 wt% Ag 

nanoparticles. For nanocomposites consisting of metalli~ nanoparticles and polymer 

matrix, the electrical properties of such composites are depending on the filling factor 

(Faupel et al., 2008). At high volume fractions of metal nanoparticles, a 3D conducting 

network can be developed in the matrix and hence, the electrical conductivity can be 

increased (Filpo et al., 201 0). At lower filling factor of Ag nanoparticles, polymer 

matrix will be the dominant phase in the nanocomposites and this will increase the 

resistivity (Mariatti et al., 2011 ). 

Overall, incorporation of Ag nanoparticles into MEH-PPV will give a better 

enhancement on the performance of devices compared to Al nanoparticles. This is 

because the dispersion of Ag nanoparticles is more uniform compared to Al 

nanoparticles, as discussed previously in SEM analysis and AFM analysis. There are 

more thin spaces between well-dispersed Ag nanoparticles and hence, less electron trap 

sites as the electron hopping between the nanoparticles become favorable (Y oon et al., 

2004; Xie et al., 2011 ). 

4.5 Porphyrin and Cu-Porphyrin 

4.5.1 Electrical Properties 

Fig. 4.19 shows 1-V test results on different concentration of Cu-porphyrin and 

porphyrin with gap distance of 630 11m and 160 ~Lm respectively. Both solutions with 



the concentration of 0.5 mg/ml gave the highest current value at the voltage of 5V. 

However, the current values of porphyrin devices are much lower compared with the 

Cu-porphyrin devices. 
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Fig.4.19 I-V curves of a) Cu-porphyrin with gap distance of0.63 mm, and b) 

porphyrin with the gap size of 0.16 mm. 
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Fig. 4.20 revealed the overall electrical results of Cu-porphyrin and porphyrin 

devices drop casted using 0.5 mg/ml solution with varying gap distances. The gap 

distance between source and drain varied from 160 !Jm to 700 IJID. The results proved 

that Cu-porphyrin with gap distance of 630 !Jm and porphyrin with gap distance of 160 

!Jm, show the highest current value at 5V as to compare with the rest of the gap 

distances. Cu-porphyrin devices with larger gap distance (Fig. 4.20a) showed a better 

electrical result. However, the current values of the electrical result for gap distance 

0.16 mm until 0.56 mm are close compared to the electrical value for gap distance 0.63 

mm and 0.70 mm. Drop casting method is not easy to fabricate a uniform thin film. 

Therefore, this incident happened. Fig. 4.20b with the 0.5 mg/ml porphyrin devices 

shows the devices with 0.16mm gap distance have much higher current value. The 

current value rest of the devices with different gap distance, from 0.25mm until 0.70mm 

remain almost the same. This also might due to the non-uniformity of the organic thin 

film. This proves that the gap distance of the device does not affect much towards the 

ertics of the device 
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Fig. 4.20 I-V curves of a) 0.5 mg/ml Cu-porphyrin, and b) 0.5 mg/ml porphyrin 

The current value for both Cu-porphyrin and porphyrin devices with the fixed 

gap distance of 630 j..lm and 160 llm respectively at the operating voltage of 5 V are 

summarized at Table 4.7. From the table, the devices casted with Cu-porphyrin have 

higher conductivity compare to the devices casted with the solution of porphyrin. The 

current value drop as the drop casting solution concentration increase to above 0.5 

mg/ml and the current value for both solutions remain almost the same as the drop 

casted solution with the concentration of 1.0 mg/ml to 10.0 mg/ml. This is caused by the 

arrangement of the organic molecules which have sufficient time to rearrange 

themselves accordingly and form as organic thin film with high degree of crsytallinity 

before the solution drying up [Mittal et al., 2012]. 

Table 4.7 Current value of Cu-porphyrin and porphyrin at varying concentration with 

the specific gap distances and operating voltage of 5V. 

Concentration 0.1 0.5 1.0 5.0 10.0 

(mg/ml) 
Current Value, I (A) 

Sample 

Cu-porphyrin 

*Gap distance = 630 J.liD 1.82x 10-09 2.5Jx 1 0-0R J.J7xl0-JO l.Olxl0- 10 1.15x10-10 

Porphyrin 

*Gap distance= 160 J.liD 8.66x 10- 11 1.75x10-9 1.39xl0- 10 1.55x w-IO 1.56x 1 o-IO 



Fig.4.21 showing the bar charts of I-V test results for both porphyrin with 

varying organic concentration and gap distance at the voltage of 5 V. As refer to Fig. 

4.21a, Cu-porphyrin with the concentration ofO.l and 0.5 mg/ml give a more significant 

value of current compared to the others concentration. The reason is the Cu-porphyrin 

has good intermolecule interaction where contact resistance was found higher with 

thicker film [Boudinet et al, 2010]. As a result, the current value decreased. However, 

the uppermost current value falls at the concentration of 0.5 mg/ml with the gap 

distance of 630 11m. Cu-porphyrin devices which casted with concentration of 0.1 

mg/ml produced results which explained the effect of gap distance and current value at 

the early stage. This proved that the larger the gap distance between source and drain, 

the higher the current value. However, the current values of the devices drop when the 

gap distance value greater than 490 11m. Based on research done by Gupta and Hong [9] 

using pentacene, the mobility drop when the thickness of the pentacene layer was above 

35 nm. Furthermore, Cu-porphyrin devices drop casted with the concentration of 0.5 

mg/ml having constantly increasing current value with increasing gap distance up to 

630 11m. The Cu-porphyrin devices with the concentration above 1.0 mg/ml shows low 

current value as compare to 0.1 mg/ml and 0.5 mg/ml. At low solution concentration, 

these macromolecules able arrange accordingly more freely and form a better 

crystallinity thin film. As portrayed in Fig. 4.22b, the highest current value is obtained 

for porphyrin devices drop casted with concentration of 0.5 mg/ml with the gap distance 

of 160 11m. In addition, porphyrin devices also contribute to the high current value when 

the devices are drop casted with the concentration of 5.0 mg/ml. As a comparison for 

both of these porphyrin drop casted devices, Cu-porphyrin devices exhibit a higher 

current value as compare to metal-free porphyrin, due to the metal-to-ligand charge 



transfer [Maldotti et al., 1993]. By referring to Fig. 4.21, the gap distance does not 

contribute much effect towards the electrical properties of the organic devices, however, 

the concentration of the solutions play a major role to the electrical properties of the 

devices due to the crystal formation of the organic thin film. The reason is the lower the 

solution concentration, the longer the drying time and the organic molecules will have 

enough time to arrange to form a better crystal thin film. 
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Fig. 4.21 Bar chart showing the 1-V results for different concentration of a) Cu-

Porphyrin and b) Porphyrin solution at 5 V. 

4.5.2 Surface Morphology 

With refer to SEM image in Fig.4.22, the circular shape constituents are the Cu-

porphyrin. The amount of the constituents increased proportionally with the 

concentration of the Cu-porphyrin thin film. The higher the concentration of the organic 

solution, the amount of constituents seen is more. From Fig. 4.22a, it shows that Cu-

porphyrin is well coated on the surface of the glass substrate. Through observation 

using SEM, there are very few small rings shape constituents present, which identified 



as the crystal Cu-porphyrin, which formed during drop casting process. At low 

concentration, the droplet of the drop casting solution will have longer time to dry up as 

compare to the solution with higher concentration. This will further allow the organic 

materials to arrange themselves and form into a better quality of crystalline thin film 

[Kymissis et al, 2008 and Miyamoto et al., 1994]. As the concentration increased from 

0.1 mg/ml to 0.5 mg/ml, Fig. 4.22b shows that the amount of small crystal ring 

formation present on top of the glass substrate is a lot more and well dispersed compare 

with the crystal ring formation as shown in Fig. 4a. Therefore, Cu-porphyrin thin film 

form through 0.5 mg/ml solution concentration does show better electrical properties as 

compare to Cu-porphyrin thin film form through 0.1 mg/ml solution concentration. 

With refer to Fig. 4.22c, the flakes growing bigger as compare to the flakes show in Fig. 

4.22b. The number of flakes reduces as the concentration of the drop casted solution 

increase to 1.0 mg/ml. This condition is more obvious when the drop casted solution 

concentration increase to 5.0 mg/ml where the number of flakes present is lessen (Fig. 

· 4.22c ). Meanwhile, there are crystals which present in rod shape as concentration of the 

drop casting Cu-porphyrin solution increased. This happened due to many possible 

reasons such as strong electrostatic forces between the porphyrins molecules, hydrogen 

bonding, van der Waals, axial coordination, and other weak intermolecular interactions 

[Lee et al., 2011]. Fig.4.22a shows the current value of the organic device started to 

drop when the device are drop-casted at concentration higher than 0.5 mg/ml. This 

important finding proves that the performance of the device reduced due to poor thin 

film formation [Amato et al., 2009]. This indicates that the Cu-porphyrin have stronger 

interaction between molecules itself. 



Fig. 4.22 SEM image shows Cu- porphyrin with the concentration of a) 0.1 mg/ml; b) 

0.5 mg/ml; c) 1.0 mg/ml and d) 5.0 mg/ml was dropped casted on top of a glass 

substrate. 

Porphyrin has strong conjugated 1t-system which may cause this macromolecule 

to aggregate (Gburek et al., 2010]. Fig. 4.23 indicates that the formation of these flakes 

become larger as the concentration of the drop casted solution increases. As the 

comparison between Fig. 4.23c and Fig. 4.23c, porphyrin tends to form a larger piece of 

crystal as compare with Cu-porphyrin. Therefore, it reveals that porphyrin conductivity 

keep on increasing as the concentration of the drop casted solution increase until 

reaching 5.0 mg/ml. However, Cu-porphyrin conductivity decreases as the drop casted 

solution increase to above 0.5 mg/ml. Cu-porphyrin devices have higher conductivity as 

a result of the present of copper atom at the centre of the porphyrin core structure. In 

order for these organic materials to have higher electrical conductivity, it must have 

better crystal packing and better alignment [Ma et al., 201 0]. 



Fig.4.23 SEM image showing porphyrin with the concentration of a) 0.1 mg/ml; b) 0.5 

mg/ml and c) 1.0 mg/ml was dropped casted on top of a glass substrate. 

4.6 his {2-alkyi-(S)-( + )-2-( 6-[ 4-4-decyloxyphenylazo )-benzoyloxy] -2-

naphthyl)propinate} ( azo) 

This study is about investigating the transporting characteristic of azo as 

semiconductor. 7 azo and 9 azo had been selected for electrical transporting 

characteristic due to their crystallization formation are much better compare to the rest 

of the azo had been synthesize. Azo possesses properties of n-type or p-type 

semiconductors. The samples are prepared in 3 different parameters, (a) 0.02 ml of 9 

azo solution dropped cast on dielectric layer, (b) 0.04 ml of 9 azo solution dropped cast 

on dielectric layer, and 0.02 ml of 7 azo solution dropped cast on dielectric layer. The 

samples were measured and are showed in Fig. 4.24 to 35. 

(a) 0.02 ml 9azo 
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Figure 4.24: N-type measurement (a) output characteristic of 0.02 ml 9azo-based OFET 

(V G = 1 to 4 V) and (b) transfer characteristic of 0.02 ml 9azo-based OFET (V 0 = 4 V). 
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Figure 4.25: N-type measurement (a) output characteristic of 0.02 ml 9azo-based OFET 

(VG = 2 to 10 V) and (b) transfer characteristic of 0.02 ml 9azo-based OFET (Vo = 10 

V). 
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Figure 4.26: P-type measurement (a) output characteristic of 0.02 ml 9azo-based OFET 

(V o = -1 to -4 V) and (b) transfer characteristic of 0.02 ml 9 azo-based OFET (V o = -4 

V). 
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Figure 4.27: P-type measurement (a) output characteristic of 0.02 ml 9 azo-based OFET 

(VG = -2 to -10 V) and (b) transfer characteristic of0.02 ml 9 azo-based OFET (Vo =-

10 V). 
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Figure 4.28: N-type measurement (a) output characteristic of 0.04 ml azo-based OFET 

(Va = 1 to 4 V) and (b) transfer characteristic of0.04 ml9azo-based OFET (V0 = 4 V). 
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Figure 4.29: N-type measurement (a) output characteristic of 0.04 ml 9azo-based OFET 

(VG = 2 to 10 V) and (b) transfer characteristic of0.04 ml9azo-based OFET (V0 = 10 

V). 
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Figure 4.30: P-type measurement (a) output characteristic of 0.04 ml 9azo-based OFET 

(VG = -1 to -4 V) and (b) transfer characteristic of0.04 ml 9azo-based OFET (Vo = -4 

V). 



8x1o-' r----------------, 
6x1o-' 

4x10" 

2x10" 
c: 
~ 0 
= U -2x10" 

-4x10" 

-6x10" 

---'N 
---4V 
---6V 
-<>- -8V 
-+- ·10V 

-8x10"' ..._____,.._____. _ __._ _ __._ _ __._ _ __.____. 

-12 -10 -8 -6 -4 -2 0 

Voltage (V 0 ) 

-1x10"' 

-5x10_. 

-6x10" 

-7x10" ._____. _ ___. _ __._ _ __._ _ __._ _ __.___. 

-12 -10 -8 -6 -4 -2 0 

(a) (b) 

Figure 4.31: P-type measurement (a) output characteristic of 0.04 ml 9azo-based OFET 

(VG = -2 to -10 V) and (b) transfer characteristic of0.04 ml 9azo-based OFET (Vo = -10 

V). 
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Figure 4.32: N-type measurement (a) output characteristic of 0.02 ml 7azo-based OFET 

(Vo = 1 to 4 V) and (b) transfer characteristic of0.02 ml 7azo-based OFET (V0 = 4 V). 
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Figure 4.33: N-type measurement (a) output characteristic of0.02 ml 7azo-based OFET 

(VG = 2 to 10 V) and (b) transfer characteristic of 0.02 ml 7azo-based OFET (Vo = 10 

V). 
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Figure 4.34: P-type measurement (a) output characteristic of 0.02 ml 7azo-based OFET 

(V G = -1 to -4 V) and (b) transfer characteristic of 0.02 ml 7azo-based OFET (V0 = -4 

V). 
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Figure 4.35: P-type measurement (a) output characteristic of0.02 ml 7 azo-based OFET 

(Va = -2 to -10 V) and (b) transfer characteristic of0.02 ml 7azo-based OFET (Vo = -10 

V). 

In this study, both p-type and n-type semiconductors characteristics are not available. 

The results did not show an output characteristic and transfer characteristics of an OFET 

device, but showing a dielectric characteristic. This explained that azo material is not a 

semiconductor material but a dielectric material. From the results obtained, 9 azo will 

be more suitable to act as dielectric materials than 7 azo because of the length of the 

spacer which plays an important role in determining the arrangement of these 

macromolecules. 



4.7 Fullerene (C60) 

Previous work demonstrated that natural Aloe vera paste is a suitable natural 

material for dielectric application. This work further fabricated an OFET as test 

structure to investigate the workability of the natural material as gate dielectric. 

However, the study shows C60 and natural Aloe vera layers are incompatible due to their 

large different of surface energy (L'ly = -23.6%); with C60 and natural Aloe vera layers 

respectively having surface energy of 43.8 mJ/m2 and 57.3 mJ/m2. Here, L'ly = ys - yd; 

where ys is the surface energy of C60 and yd is the surface energy of dielectric layer. To 

further enhance the compatibility of the natural Aloe vera and C6o layers, 1.5 wt% of 

Si02 NPs was blended into the natural Aloe vera paste. The surface energy of the 

blended dielectric layer has been reduced from 57.3 mJ/m2 to 38.9 mJ/m2
. With the 

combination of C6o layer deposited on the blended dielectric, the magnitude of L'ly (= 

+ 11.2%) has been reduced more than 50% and the surface energy of blended dielectric 

layer is lower than that of C60. The reduction of the surface energy is due to the 

interactions of natural Aloe vera molecules with Si02 NPs molecules. The addition of 

Si02 NPs tend to weaken the intermolecular bond among the Aloe vera molecules 

[Tang et al., 2009 and Gunko et al, 2007] by creating the strong hydrogen bond between 

the Aloe vera molecules and Si02 NPs molecules [Tang et al., 2009]. There are two 

advantages of this design. Firstly, it is predicted that the formation of C60 layer is 

following Volmer-Weber mode with initially island of C60 being formed and later a 

continuous layer would be achieved with relatively thick dimension [Venables et al, 

2000]. The thicker the organic semiconductor (C60) layer, the higher the probability of 

charges can be transported due to efficient conducting pathways [Yang et al., 2006]. 

Hence, increases the mobility of an OFET [Yang et al., 2006]. It has been reported that 



thickness; higher the mobility [Zhang et al., 2007, Ullah et al., 2009, and Yang et al., 

2005]. Therefore, the thickness (250 nm) of C6o being used in this work is acceptable 

and justifiable. Secondly, the molecular structures of C6o are being preserved without 

much distortion during the deposition as the cohesion force of those molecules within 

C60 is able to withhold the structures together. If the cohesion force is extremely large, it 

is impossible to establish bondings between C60 and the blended dielectric layer [Melzer 

and Seggem, 2010 and Qi et al., 2010]. In order to solve this adhesion issue, balance of 

force between cohesion and adhesion must be achieved. One of the indicators is from !1y. 

It is preferable to have a positive value of !1y as what has been explained earlier. In 

order to achieve balance of force, the positive value of !1y must be as low as possible but 

not equal to zero or lower than that [Gao et al., 2009 and Wang et al., 2009]. This has 

been achieved by combining the blended (1.5 wt% of Si02 NPs) dielectric with C6o 

layers. As the loading of Si02 NPs in the dielectric is reducing from 1.5 wt% to 0 wt%, 

a significant increment of yd has been recorded. It shifted !1y to negative values. In 

contrast, as the loading increases beyond 1.5 wt%, value of yd is reducing 

monotonically. As a result, the !1y value increases positively. Besides, natural Aloe vera 

blended with 1.5 wt% of Si02 NPs layer have displayed better dielectric properties; i.e., 

lower leakage current density and higher dielectric constant than natural Aloe vera 

without Si02 NPs [Khor and Cheong, 2013]. Therefore, in this work, the optimum 

loading of 1.5 wt% of Si02 NPs has been used as the gate dielectric for the C60-based 

OFET. 

Previous research works on OFET device have reported that result of effective 

mobility, threshold voltage, on/off current ratio, and sub-threshold swing were affected 

when the device was exposure to atmospheric conditions [Li et a!., 20 II]. To 



investigate the OFET performance in atmospheric conditions, in this work, the output 

and transfer characteristics were measured twice. One measurement was done 

immediately after the OFET was fabricated and the other measurement was done on the 

same test structure usjng similar measurement set up after it was exposure to 

atmospheric condition for 14 days. During the 14 days, the device was kept in a clean 

container to prevent contamination onto the device. The output characteristics of those 

two measurements are shown in Fig. 4.36. Based on the results, the device shows n-type 

output characteristics even though it was measured in open air without any 

encapsulation or passivation. The test structure measured at 14th day shows a minor 

shift with decreasing of current in a range of 9.3% to 94.8% with the increment of gate 

voltage from 0 V to 40 V (Table 4.8) when compared to the measurement recorded on 

the as-fabricated test structure. 
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Fig. 4.36. Output Characteristic of C60-based OFET (open symbols indicates 

measurement performed on as-fabricated test structure and closed symbol indicates 

measurement obtained after 14th day). 

Table 4.8. Comparison of output current measured from as-fabricated OFET (1st day) 

and OFET exposure to open air for 14th days. 

Gate voltage Output current (A) Different Percent% 

1st day 141
h day 

40V 3.47 X 10·5 3.09 X 10·5 3.80 X 10·6 11.0 

30V 3.04 x w-s 2.34 x 1 o·6 2.8] X 10·5 92.4 

20 v 1.96 X 10"5 1. 78 X 10·5 1.80 X 10·6 9.2 

10 v 1.40 X 10"5 7.80 x 10·6 6.20 X 10·6 44.3 

ov 2.00 X 10"6 1.04 x w-7 1.90 X 10"6 95.0 



To further establish performance of the OFET, effective mobility (J.t), threshold 

voltage (V T ), on/off current ratio (I0n/Ioff), and sub-threshold swing (S) in the saturation 

regime of the transfer characteristics (Figs. 4.37 and 4.38) from the two measurements 

were extracted. Effective mobility of the OFET was calculated by fitting the data into 

Equation 1, 

In= 1/2 (W/L) Jl c (V G- vTi (1) 

where In is the drain current, V G is the gate voltage, and C is the capacitance per unit 

area. Capacitance of the dielectric was measured from a capacitor with an Al/natural 

Aloe vera blended with 1.5 wt% of Si02 NPs/Al structure, and found to be - 6.86 

pF/cm2 at 1.2 kHz (Fig. 4.39). The extracted parameters of the OFET with two 

measurements performed at different time are summarized in Table 4.9. 
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Fig. 4.37. Transfer characteristic ofC60-based OFET with Vos = 40 V, measured on as-

fabricated test structure. 
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Fig. 4.38. Transfer characteristic ofC60-based OFET with Vos = 40 V, measured at 14th 

day. 



6.88 

6.86 

- 6.84 LL 
0. -CD 

6.82 u s:: s 
6.80 u 

CG 
0. 
(0 

6.78 0 

6.76 -e- 40 to -40 
-o- -40 to 40 

6.74 
-60 -40 -20 0 20 40 60 

Voltage lVG (V)] 

Fig. 4.39. Capacitance (C) measured at 1.2 kHz, sweeping gate voltage from 40 V to-

40 V and then from -40 V to 40 V. 

Table 4.9. Summary ofthe electrical parameters measured from as-fabricated OFET (1st 

day) and OFET exposure to open air for 14th days. 

Properties 1st day 

Effective mobility, J..l (cm2Ns) 1.110 0.669 

Threshold voltage, Vr (V) 0 7 

Current on/off ratio, Ion/otT 

Sub-threshold swing, S (V /decade) 4.56 1.31 



The effective mobility measured on as-fabricated test structure is 1.110 cm2Ns 

but after 14th days the mobility has dropped approximately 40% to 0.669 cm2Ns. But 

these values are still much higher than that being reported previously using albumen as 

gate dielectric (0.13 cm2Ns) [Chang et al., 2011]. Albumen sample has lower mobility, 

this may due to the k value of albumen sample (k = ~5.3 - 6.1) [Chang et al., 2011] 

which is higher than natural Aloe vera samples (k = 3.9) [Khor and Cheong 2013]. 

High-k dielectric layer may enhance charge carrier localization in semiconductor layer; 

[Tan et al., 2009, Houili et al., 206, Deman and Tarby 2006, Sakai et al., 2009] in 

contrast low-k value in dielectric may reduce charge carrier localization in 

semiconductor layer, i.e., at the interface between layers of organic dielectric and 

semiconductor interface and may lead to high mobility [Tan et al., 2009, Kanbur et al., 

2012, James et al., 2012, Stadlober et al., 2005]. Besides, the threshold voltage has been 

increased from 0 V to 7 V after 14th days of exposure. The value measured from as­

fabricated test structure is comparable to the value reported in Ref. [Chang et al., 2011] 

(1.5 V). The values of threshold voltage and effective mobility are degraded over time 

due to increment of electron being trapped in either C60 or interface of C60 and dielectric; 

as the test structure is being exposure to open air, moisture or oxygen molecules can be 

easily diffused [Gao et al., 2009]. The oxygen molecules from the moisture act as traps 

that decreased the mobility and as electron acceptors that increase the threshold voltage 

[Sakanoue et al., 2008]. Moreover, a large number of experiments have found that 

oxygen molecules which act as electron traps/electron acceptors thereby directly 

degraded the mobility of the samples [Ono et al., 2010, Chen et al., 2011, Chen et al., 

2012]. With this trapping of electron, values of current on/off ratio and sub-threshold 

swing are actually improved over time. The former parameter increases an order of 

magnitude, which is preferable for organic memory application [Chen eta!., 2012]. The 



much reduction of sub-threshold swing value indicates the reduction of interface trap 

density between C60 and dielectric. With these, it has been demonstrated that natural 

Aloe vera blended with Si02 NPs has huge potential to be used as gate dielectric in 

OFET. 



Chapter 5 

CONCLUSIONS& RECOMMENDATIONS 

5.0 Poly[2-methoxy-5-(2'-ethylhexyloxy)-1,4-phenylenevinylene] (MEH-PPV) 

5.1 Conclusions 

After completing this project, two objectives of this project have been achieved. 

Capacitor test structures have been successfully fabricated by coating of organic 

material (MEH-PPV) on glass substrates. The effect of different weight percentage of 

·aluminum (Al) and silver (Ag) nanopartucles (0.025 wt%, 0.050 wt% and 0.10 wt%) on 

current-voltage characteristics of the organic devices has been successfully studied. 

In this project, samples with different weight percentage of Al and Ag 

nanoparticles were spin-coated on glass substrates. Based on SEM results, it is found 

that dispersion of 0.025 wt%, 0.050 wt% and 0.10 wt% Al and Ag nanoparticles on 

glass substrates are acceptable and can be adapted to final device fabrication. Samples 

with different concentration ofMEH-PPV (6 mg/ml, 8 mg/ml, 10 mg/ml and 12 mg/ml) 

were fabricated and sent to current-voltage (1-V) measurement. Based on the results, 12 

mg/ml concentration of MEH-PPV has the best electrical properties. Hence, different 

weight percentage of AI and Ag nanoparticles (0.025 wt%, 0.050 wt% and 0.10 wt%) 

were incorporated into 12 mg/ml concentration of MEH-PPV to form composites 

layers.The effect of type of nanoparticles and their composition on the devices were 

studied in terms of film morphology and electrical properties. 

Based on SEM results, dispersion of AI and Ag nanopm1icles in MEI-1-PPV 

matrix can be observed and the cluster size of Al and Ag nanoparticles can be measured. 



From EDX analysis, the presence of elements such as carbon, oxygen, sodium, 

magnesium, silicon, aluminum and silver are detected. From AFM results, it is found 

that samples added with different weight percentage of Al nanoparticles have higher 

RMS values. This is due to the agglomeration of Al nanoparticles inside MEH-PPV 

matrix. According to FTIR analysis, it is found that all the samples (with different 

concentration ofMEH-PPV and different weight percentage of Aland Ag nanoparticles 

added) consist of =C-H stretching vibration, C-H stretching vibration in -CH2 group 

and CH3 stretching vibration in -O-CH3 group. Lastly, I-V measurement showed that 

by incorporation of Al and Ag nanoparticles, the electrical properties of the devices 

have been studied. Overall, incorporation of Ag nanoparticles gave better enhancement 

on current output compared to Al nanoparticles. This is because dispersion of Ag 

nanoparticles is more uniform compared to Al nanoparticles. 

5.2 Recommendations 

During the progress of this project, some problems were found. There are some 

suggestions to improve the research. The suggestions are listed as below. 

1. In this project, inhomegeneity related to the dispersion of nanoparticles is the 

main problem. Agglomeration of nanoparticles will affect lower the 

performance of devices. Hence, the sonication time should be lengthened in 

order to disperse the nanoparticles more uniformly. 

n. Nanoparticles have very large surface area and hence, very high surface energy. 

Therefore, nanoparticles will tend to be agglomerated. In order to prevent the 

agglomeration, the surface of nanoparticles can be modified using organic 

layer to make them more hydrophobic for organic media. For example. silver 



nanoparticles can be surface functionalized with polylactic acid in order to 

prevent agglomeration. These organic layers canimprove the stability of 

nanoparticles by forming a physical or electrostatic barrier against 

agglomeration. 

111. The time for electrode coating should be controlled properly. This is because 

the heat generated during thermal evaporation will destroy the structure of 

MEH-PPV layer. This will lead to inaccuracy 1-V measurement. The timing 

should be optimized in order to get sufficient thickness of electrode without 

damaging the MEH-PPV layer. 

5.3 Porphyrin and Cu-Porphyrin 

The effects of Cu in porphyrin thin film, concentration of the organic materials on 

surface morphology and leakage current have been studied. Cu-porphyrin and porphyrin 

at concentration of 0.5 mg/ml showed the highest current value at 5 V with gap distance 

of 630 J.lm and 160 J.lm, respectively. Current value for both Cu-porphyrin and 

porphyrin were 2.53x10-8 A and 1.75x10-9 A, correspondingly. Cu-porphyrin is a 

better choice to be used as the organic thin film because it enhanced the electrical 

properties of the device as compare to metal free porphyrin. The reason is Cu-poprhyrin 

thin film drop casted with low solution concentration is able to form a better crystal thin 

film due to the strong metal-ligand interaction in between the organic molecule and the 

metalloporphyrin will normally have better charge transfer as compare with metal-free 

porphyrin crystal formation ofthe Cu-porphyrin thin film. 



5.4 his {2-alkyi-(S)-( + )-2-( 6-[ 4-4-decyloxyphenylazo )-benzoyloxy ]-2-

naphthyl)propinate} (azo) 

The azo materials synthesized are not suitable for the application for semiconductor in 

organic transistor application. The reason behind is with regard to the structure design 

of the organic materials. The spacer materials might not suitable to use as 

semiconductor materials. In further research, thiophene will be added to the synthesized 

organic materials. Macromolecular with n-conjugated backbone will be synthesized as 

core structure organic materials. Organic materials with thiophene exhibits well 

balanced ambipolar organic field-effect transistor performance; this will indirectly 

enhance the mobility of the organic materials as semiconductor materials for organic 

transistor. The macromolecures with n-conjugated backbone are normally acted as 

conducting polymers, owing to their unique electric and electronic properties. Electron 

from the core structure can be redrawing with the present of alkyl side group. This side 

group will able to form link in between two or more macromolecule. Therefore, the 

conductivities and Fermi levels of the macromolecule can be controllably changed by 

chemical and electrochemical doping methods 

5.5 Fullerene (C60) 

This work had utilized natural Aloe vera blended with 1.5 wt% of Si02 NPs as a 

dielectric layer in Cc,o-bascd n-type OFETs. The blended dielectric layer was screen­

printed on a glass substrate followed by thermally deposition of C60 as a semiconductor 

layer with bottom-gate and top-contact structure. The OFET characteristics had been 

studied at atmospheric condition. The design of C6o and blended dielectric layers in the 



OFET had been justified using surface energy concept. The produced OFET revealed an 

effective mobility of 1.110 cm2Ns with zero threshold voltage. After 14 days of 

exposure in an open air, the parameters reduced but on/off current ratio and sub­

threshold swing had improved significantly. 

5.6 Future works 

There are a lot of factors affecting the performance of the device. In order to 

optimize the performance of device, more parameters should be controlled properly. 

Suggestions for future works are: 

1. Investigation on the effect of solvent type to the performance of organic device. 

n. Investigation on the effect of nanoparticles size to the performance of organic 

device. 

111. Investigation on the effect of surface-modifying nanoparticles to the 

performance of organic device. 
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Appendix 2: Review studies on the effect ofnanoparticles on the performance of polymer light emitting diodes. 
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