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Scaling of silicon dioxide dielectrics has once been viewed as an effective approach to
enhance transistor performance in Complementary Metal-Oxide-Semiconductor (CMOS)
technologies. Some issues such as tunneling, leakage currents and light atom penetration
through the film are threatening the ultra thin SiO2 be as a good dielectric for industrial
and electron device. We have thus synthesized Ps/La2O3 hybrid nano composite with 0/07,
0/14 and 0.28 gr Ps at 80, 300 and 5000C calcinated temperatures for SiO2 replacing. The
Ps/La2O3 hybrid nano composites were prepared by a sol-gel method. Nanostructural
properties were characterized by using, Energy Dispersive Spectrometers (EDS), X-Ray
Diffraction (XRD), Atomic Force Microscopy (AFM), Scanning Electron Microscopy
(SEM) and GPS 132A techniques. We measured the dielectric constant (k), capacity (C),
quality factor (QF) and resistor (R) of Ps/La2O3 hybrid nano composite with using GPS
132A technique at a frequency of 120 KHz. The higher dielectric constant (82.67) is
found at 3000C with 0.28 gr Ps. Also the square wave voltammetrics peaks current of
Ps/La2O3 hybrid shows less linearly behavior than that other hybrid nano composites such
as anthracene (An)/La2O3 hybrid with 0.05 micro molarities of Ps concentration. The
obtained results indicate that 0.28 gr Ps/La2O3 hybrid nano composite synthesized at
3000C can be used as a good gate dielectric of the next OTFT devices.
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1. Introduction
As the dimensions of the microelectronic devices are scaled down, the Complementary
Metal-Oxide-Semiconductor (CMOS) technology has pushed the thickness reduction of SiO2 gate
dielectrics. Today, the electronics industry is producing CMOS with very small dimensions [1-10].
For SiO2 thin film below 2 nm, high leakage current rises to 1-10 A/cm2 which are unacceptable
for stable device performance [11]. Improving the dielectric properties of CMOS structure, it is
very important to increase the capacitance of the insulating layer and reduce the leakage current
[12]. Many high-k dielectrics have been investigated to replace SiO2 as possible gate dielectrics,
such as Ta2O5, ZrO2, HfO2, and lanthanide oxide [13-16].
Lanthanide oxide crystallization process at relatively low temperatures (500-6000C) can
cause a large leakage current flowing along the grain boundaries [17-19]. Thus to suppress the
crystallization at low temperature, Ps atom is doped to La2O3 sol. In the present work, Ps/La2O3
hybrid nano composites were synthesized with sol- gel method [20-27]. Their nanostructural and
electrical properties were studied with using XRD (X-Ray Diffraction), SEM (Scanning Electron
Microscopy), X- Powder, CV (Cyclic Voltammeric) and GPS 132A techniques.
________________________________________
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In this study, we also used voltammetric and electrochemical impedance spectroscopic
techniques at PH 6.0 to demonstrate the electrochemical behavior of Organic Composite (OC) on
the graphite, Ps/La2O3 nano composite modified ethynylferrocene carbon paste electrode.
The results show that the proposed method is highly selective and sensitive in the
determination of OC and the quantumic source- channel and/or channel- drain contacts out
performing any method reported in the literature on contact sensors [28-30]. We measured the
dielectric constant (k), capacity (C), quality factor (QF) and resistor (R ) of Ps/La2O3 nano
composite with using GPS 132A technique at a frequency of 120 KHz. The higher dielectric
constant (82.67) is found at 3000C with 0.28 gr Ps. Also the square wave voltammetrics peaks
current of Ps/La2O3 hybrid shows less linearly behavior than that other hybrid nano composites
such as An/La2O3 hybrid. The obtained results show that a 0.28 gr Ps/La2O3 hybrid nano composite
synthesized at 3000C can be used as a good dielectric of the next OTFT devices.
2. Experimental details
Lanthanum nitrate hexahydrate [La(NO3 )3.6H2 O] was used as the metallic precursors.
Acetic acid [CH3CO2H] and ethylene glycol monomethyl ether [CH3OCH2CH2OH] were used as
solvents. Firstly, lanthania solutions were prepared from mixing of lanthanum nitrate hexahydrate
with acetic acid with ethylene glycol monomethyl ether separately. Lanthania solutions were
stirred vigorously at 500C for 1 h. Then solutions with different portions of Ps extracted from
polystyrene chloride with the same procedure were mixed and the resultant sol was continuously
stirred for 24 hours and kept at room temperature until it turned into a yellowish sol. The 0/07,
0/14 and 0.28 gr Ps were added to the lantana sols. Finally, the stabilized sol was rapidly heated to
600C for 10 h. Viscosity and color changed as the sol turned into a stick gel. The gel was heattreated at 800C for 24 h and a fluffy, polymeric precursor was gained. The prepared
nanocrystallites calcined at different temperatures at 1 atmosphere pressure. Elemental qualitative
analysis was performed with Energy Dispersive Spectrometers (EDS) spectrum. The crystal
phases of the nanocrystallites were identified by XRD analysis. Microscopy analysis was
performed using SEM technique. Surface morphology was observed by AFM. The dielectric
constant and quality factor are measured with using GPS 132A technique.
3. results and discussion
Fig. 1 shows EDS analysis obtained from nanocrystallites confirm that the nanocrystallites
consisted of La, Ps and O.

Fig. 1. EDS result for powder sample with x = 5%.

Figure 2 represents the XRD spectra of Ps/La2O3sample at different temperatures. As the
calcinated temperature of Ps/La2O3 nano crystallites increases from 3000 to 5000C, peaks with
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higher intensities are shifted to higher 2θ. In contrast to amorphous structure at 3000C, nano
crystallites are nearly formed at 5000C. The size of nano crystallites is become bigger at higher
temperatures. As shown in figures 4 through 7, there are different sizes of nano crystallites which
can be due to lattice strains in composites. The lattice strain increases with increasing the
calcinated temperature and Ps portion for La2O3 and Ps crystalline phases. Lattice strain of nano
crystallites is determined from the dependence of Full Width-at-Half-Maximum (FWHM) of
diffraction lines observed in 2θ range of 25.50- 270 on sinθ, according to the Williamson-Hall's
[13],

 cos 

k
 4 sin 
L

where β is the width of the diffraction peak at which the intensity has fallen to half the maximum
intensity, shape factor k is 0.9 and λ is 1.54 Ǻ.

Fig. 2. XRD patterns of Ps/La2O3 hybrid composites at different Ps contents.

The pattern of the nano composite film has 3 characteristic peaks at 2θ of 260, 350 and 460
analogous to the characteristic peaks of 0.28 gr Ps/La2O3 (figure 3). In addition to the dispersion
peak of the amorphous Ps, there is no significant alteration between the Ps nano particles and
La2O3 nano composite references. It indicates that the degree of crystalinity remains largely
invariant. Comparing the intensities and the peak-widths of XRD patterns with different Ps
content, it is evident that the Ps/La2O3 nano crystallites become more amorphous at 3000C with
0.28 gr Ps nano particles.

Fig. 3. XRD pattern of 0.28 gr Ps/La2O3 composite synthesised at 5000C with sol- gel method.

As the Ps content in the Ps/La2O3 hybrid nano composite increased, nano crystallites were
relatively formed in different polycrystalline phases, diffraction peaks shifted slightly to higher 2θ and
size nano crystallites increased, as measured with X- Powder method (figures 5 through 7). The size of
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nano crystallite of 0.07 gr, 0.14 gr and 0.28 gr Ps/ La2O3 hybrid composites at 2θ= 26.70 is determined
with Scherrer equation and X- Powder technique. The grain size values were calculated from Scherrer
equation:

d

0.9

2 Cos

Fig. 4. The size of nano crystallie of 0.28 gr Ps/La2O3 hybrid composite phases; (a) at 5000C and (b) at
3000C, measured with X- Powder technique

where λ= 0.154 nm, β and θ are the width of the diffraction peak and reflection angle,
respectively. The bigger crystallite could be formed at 0.28 g Ps/La2O3 hybrid composites at
3000C. The different size value of crystallite which measured with Scherer equation and XPowder technique is due to non spherical form of particles (Scherrer equation can give accurate
value for spherical particles).

Fig. 5. The size of nano crystallie of 0.07gr Ps/La2O3 hybrid composites at 2θ= 26.70 and T= 3000C, is
determined with Scherrer equation (20 nm) and X- Powder technique (22 nm).

The spectra show that the hybrid composite structure has more amorphous structure with
0.28 gr Ps. The amorphous structures obtained at 3000C calcinated temperature turned crystalline
after calcinations at 5000C (figure 4). Thus the phase obtained was unstable/stable intermediate
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phases. From X- powder measurements, we see that crystal size for the three samples varied
considerably by changing the proportion of organic (Ps) agents.

Fig.6. The size of nano crystallite of 0.14 gr Ps/ La2O3 hybrid composites at 2θ= 26.70 and T= 3000C, is
determined with Scherrer equation (28 nm) and X- Powder technique (34 nm).

Fig. 7. The size of nano crystallite of 0.28 gr Ps/La2O3 hybrid composites at 2θ= 26.70 and T= 3000C, is
determined with Scherrer equation (29 nm) and X- Powder technique (36 nm).

Fig. 8. SEM image of 0.28 gr Ps/La2O3 hybrid composites at 800C.
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Fig. 9. SEM image of 0.28 gr Ps/La2O3 hybrid composites at 3000C.

Fig.10. SEM image of 0.28 gr Ps/La2O3 hybrid composites at 5000C.

The morphologies and the surface topography image of untreated Ps/La2O3 nanoparticles
and Ps/La2O3 hybrid nano composites were investigated using SEM technique (see figures 8
through 11). As shown in figure 8, Ps nanoparticles dispersed badly in 0.28 gr PS/ La2O3 hybrid
nano composites at 800C, formed large aggregates. Furthermore, it can also be found that the
hybrid nano composites are uniformly dispersed without aggregation with 0.28 gr Ps at 3000C
(figure 9).
Compared with the other Ps portions 0.14 gr Ps at 3000C (figure 11) and calcinated
temperatures with 0.28 gr Ps; 800C (figure 8) and 5000C (figure 10), it is clear that 0.28 gr
PS/La2O3 hybrid nano composites (figure 9) shows bigger size and very smooth edges. The SEM
images show that the morphologies and grains of Ps were not similar due to reduction of carrier
mobility (see X- Powder measurements results). Since the Ps has a smaller grain size, it can lead to
the roughness peak and a larger roughness valley effect. All the Ps/ La2O3 are characterized by a
quite smoothly crack– free and homogenous surface. It obviously shows that packing efficiency of
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the composite, and dielectric constant increases, meaning the slight agglomeration of the particles
especially the smaller – sized one is probably resulted from the high temperature curing process.
The results demonstrated that proportion of the Ps nano particles in La2O3 contents influenced
crystal size and morphology.

Fig.11. SEM image of 0.14 gr Ps/La2O3 hybrid composites at 3000C.

Furthermore, the smoother topography of Ps surface results in less distortion of the
crystalline structure of 0.28 gr Ps/ La2O3 (figure 9) compared with other Ps portion of Ps in
Ps/La2O3 and calcinated temperature, we expect there should be less carrier scattering at the
roughness peaks and the roughness valley effect. It is confirmed by looking at figure 9 which
exhibits more compact structure and comparing the dielectric constant of hybrid nano composite in
table 1 in that the maximum dielectric constant is 82.67 for Ps/ La2O3 hybrid nano composite
synthesized at 3000C with 0.28 gr Ps content. This structure with the fewer amounts of voids can
increase the dielectric constant of the Ps/ La2O3 hybrid nano composite at 3000C with 0.28 gr Ps
content due to more packed composite and filled voids between large particles with small Ps
particles.
In parallel to above studies, nano crystallites in the SEM images (figures 8-11), showed
similar surface roughness which can affect the electrical properties of the Ps/La2O3 nano
crystallites. Moreover, island-shaped morphology on the Ps/ La2O3 hybrid nano composites
calcined at 3000C in 0.28 gr Ps/ La2O3 exhibits the homogeneous and uniform surface structure.
We see that this hybrid nano composite has tight surface and thus good blocking function to
prevent the leakage and tunneling currents as well as reduce the trap density.
Figs 12 (a, b) show AFM topographical images of synthesized Ps/La2O3 nanocrystallites at
room temperature and at 7000C, respectively. The scan size was 4.031 pm2. Sa of the synthesized
Ps/La2O3 nanocrystallites is about 88.152 nm. Uniform surface was observed. Calcined
nanocrystallites at 7000C, showed rougher surface with many grains, as well as crystallites
contours are clearly visible. Ps/La2O3 nanocrystallites had partly a flat and smooth surface
morphology. In addition, Fig. 12c shows the images of height distribution of polystyrene/La2O3
calcined nanocrystallites at 7000C. These images obviously revealed that, heights distribution at
synthesized polystyrene/La2O3 nanocrystallites is more than that had been mentioned before.
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Fig. 12. (a, b) AFM topography images of polystyrene/La2O3 at 7000C (c) the images of height distributions
of polystyrene/La2O3 nanocrystallites.
Table 1. The dielectric constant (k), capacity (C), quality factor (QF), the loss-rate of energy of capacitor
(DF) and resistor (R ) of Ps/ La2O3 nano composite with using GPS 132 A technique at a frequency of 120
KHz. The higher dielectric constant (82.67) is found at 3000C with 0.28 gr Ps.
R (KΩ)
35.9
91.6
47.8
88.2
75.4
85.4
105.1

C (nF)
0.023
0.046
0.081
0.016
0.066
0.021
0.027

QF (=1/ DF)
1.56
1.91
0.98
1.88
2.81
1.33
2.05

k
30.3
46.2
67.8
34.6
82.67
24.7
57.72

T (0C)
80
80
300
300
300
500
500

… gr Ps
0.14
0.28
0.07
0.14
0.28
0.14
0.28

As temperature increases to 5000C, Ps/La2O3 nano crystallites phases as well as k value
have been appeared due to amplification dipole moments. It is clear that from 800C to 5000C, the
maximum value of k is obtained at 3000C calcinated temperature with 0.28 gr Ps and QF value
increases. Higher QF value indicates a lower rate of energy loss respect to the stored energy of the
capacitor as demonstrated in,
Energy Stored
Q  2 π
F
Energy dissipated per cycle
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DF value defined with give the loss-rate of energy of capacitor and varies with the dielectric
material and decreased at higher temperature as presented in table 1,
DF = 1/QF
4. Conclusion

In the present work, the structural and electrical properties of the Ps/La2O3 nano
crystallites prepared by sol-gel method were studied. XRD analysis revealed that as the Ps content
in the nano crystallites increases from 0.07 gr to 0.28 gr Ps, peaks intensity decreased and
broadened. From the XRD pattens, it is clear that the sample has amorphous structure which can
reduce the leakage and tunneling currents. Poole–Frenkel effect has been observed due to the trap
levels originated from defect levels, indicate that adsorbed oxygen, polystyrene or lanthanum
atoms present in the grain boundary regions can change the nano structural (electrical and nano
structural properties). Since the permittivity value of Ps/La2O3 is higher for 0.28 gr Ps content
(82.67) than that for the other Ps portions and calcinated temperatures, we can suggest 0.28 gr
Ps/La2O3 dielectric synthesized at 3000C, can be introduced as a good gate dielectric material for
the next OTFTs generations. The reasons are reduction of leakage current density, tunneling
current and preventing boron diffusion through the thin gate dielectric (Ps/La2O3 hybrid
composites) structures. The obtained results also indicate that proportion of the organic materials
in La2O3 contents can influence crystal size and morphology of hybrid samples.
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