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Abstract

In this work, has been a studied the effect of thermal treatment using different
annealing temperatures (373, 423 and 473) K in vacuum on structural and
morphological properties of organic semiconductor Algs:Cg thin films which are
prepared by the spin coating on a glass, silicon and porous silicon. These films have
been coated on substrates with speed of 2000 rpm. The structure properties of
Tris(8-hydroxyquinoline) aluminum (111) (Algs) and fullerene (Cgo) (100:1) and
(100:10) blend as-deposited and treated have been studied by X-ray diffraction
(XRD) for glass only and morphological properties by Atomic Force Microscope
(AFM) for silicon and porous silicon substrates. The results of XRD pattern shows
that the structure of (Algs:Ce) as-deposited and annealed thin films are
polycrystalline in nature for both mixed weight ratio. The result of AFM
measurements show that grain size increase is due to the increases of surface energy
at high temperature. Surface roughness increasing and decreased randomly with the
temperature can be attributed to the random distributions of the grains and also due
to the phase change.

Keywords: Organic Semiconductors, Algs:Cg, Morphological Properties and heat
treatment, porous silicon, roughness average, r.m.s roughness and average diameter
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Introduction

Organic semiconductors are organic materials with semiconductor properties, which consist in
general of carbon atoms (C) [1]. The interest in organic semiconductors for use in organic lighting
emitting diodes (OLEDS) started with the report [2] of efficient green electroluminescence from Tris-
(8-hydroxyquinoline) aluminum (Alq3). The chemistry of the fullerene Cg, particle has been the topic
of very concentrated study always since the large scale fabrication of this composite was reported [3].
Despite of synthesized and studied of organic semiconducting but the performance and stability of this
materials were poor [4]. The performance of the organic materials can be increased by making
improvement in the fabrication of the device rather than focusing on the complexity of the internal
structure of the material [5]. Small molecules and polymer are types of organic semiconductors
according to the molecular size [6]. Tris-(8-hydroxyquinoline) aluminum (Alqs) is n-conjugated small
molecule (low-molecular weight) [7], and one of the most important materials between the class of
organometallic compounds, which used as active medium in organic light emitting Diodes (OLEDS)
[8], as show in fig 1a. Fullerenes Cq, are represent the third allotrope form of pure carbon, after
graphite and diamond and have acquired interest in many fields of science that range from bio
applications to molecular electronics [9]. In this research, the structural and morphological properties
of the blend Algs:Ce thin films were studied with different concentrations of Cg, as show in Figure-
1(b).

Figurel- Chemical structure of: a. Tris-(8-hydroxyquinoline) aluminum (Algs) and b. fullerene Cg
[10, 11].
2. Experimental work

Tris-(8-hydroxyquinoline) aluminum (Algs) and Fullerenes Cqo Were purchased from sigma-Aldrich
and used without further purification. The molecular formula of Tris-(8-hydroxyquinoline) aluminum
(Algs) is Al(CoH¢NO); and has 459.441g/mol, while Fullerenes (Cq) is 720.66 g/mol. Before
deposition the blend, the glass substrate cut to the size of 2.5cmx2.5cm after that cleaned in an
ultrasonic bath for 10 min, to remove the dirt particles on the substrate surface using different steps
with distilled water, liquid soap, a solution of ethanol and acetone. The first blend prepared by
dissolving 15 g/ml for alg3 in chloroform with 100:1 weigh ratio and 0.15 g/ml C60 in toluene while
the second blend prepared by dissolving 15 g/ml for algs in chloroform and 1.5 g/ml Cg in toluene
with 100:10 weigh ratio. This solution putted on a magnetic stirrer for 24 hour at 45C. Then they
filtered using 0.2 and 0.45 micrometer respectively. Finally the two solutions of algs and Cg, Were
blended together and putted on the stirrer again for 24 hour also to get homogenous solution. A mono
crystalline silicon wafers p- type, doped with boron with resistivity range (Q =0.01-0.02Q.cm),
orientation (100) and thickness (525 um). Porous silicon was prepared by electrochemical etching with
condition current 12 mA and 15 min. Now the blended solution becomes ready to spin-coated method
type CHEMAT SCIETIFIC SKW-4A2 on the pre-cleaned glass, silicon and porous silicon substrate
for 2000 rpm. The prepared samples with thickness 100nm, was left in air for one day then putted in
an oven at 70°C for 15min to remove the residual solvent may be stay inside the film as (tiny) Nano
bubbles. The prepared (Alg3: Cg) thin films was annealed in a vacuum oven at different temperatures
(373, 423 and 473) K for almost one hour. The pattern of X-Ray Diffraction has been plotted the
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intensity as a function of Braggs angle. This analysis was using x-ray diffracometric system type
Shimadzu XRD 6000. While the morphology of blends study by Atomic Force Microscope (AFM) in
college of science chemistry.
3. Results and Discussions

The structural characterization bulk heterojunction BHJ blend (Algs:Ceo) thin film spin coated at
room temperature and heat treated films at temperatures (373, 423, 473) K were recorded by X-ray
diffraction in the range of 20 between 0 to 50° as shown in Figures-(2, 3).

In first weigh ratio (100:1), it is found that there are 11 diffraction peaks at different Bragg angles,
20°= 6.320, 7.285, 7.85, 10.111, 11.276, 12.772, 13.696, 14.634, 15.698, 16.622, and 17.882 degree
corresponding to reflection surfaces hkl {(101), (010), (110), (001), (011), (101), (100), (101), (111)
and (220)} respectively, and this is and this result is in good agreement with Célle and
Briitting[12,13]. XRD analysis indicate that the structure of Alg; is polycrystalline in nature with
characteristic planes of a phase. Also, the films are crystallized with a strong peak at (110) direction in
BHJ structure, this means that this plane is suitable for crystal growth ™. The increase of the plane
intensity could be attributed to the increase in crystalline (grin) size as the small crystals coalescence
each other when films annealing at room temperature [14]. While this peak disappeared gradually in
XRD pattern of annealed films with Ta=423K and Ta=473K and this may be due to the change of
crystallites orientation and vibration of atom in plane.

It was observed that the well-defined peaks (220) and (111) at RT and 473K respectively in this
pattern, correspond to the relative increase in ordered crystalline structures. In this pattern those peaks
are thin (small) sand correspond to main phase of the Cg, fullerene molecule ordered in a face-centered
cubic structure of higher symmetry which is included in the BHJ blend of Algs:Cg thin films. In this
model a broad peak, in the range between 15 and 26 degrees can be observed, this peak is crowned by
other well defined low intensity peaks, corresponding to lower symmetry phases Cgqo ordered in
orthorhombic and monoclinic structures [15].

For second weigh ratio (100:10), it is found that there are 7 diffraction peaks at different Bragg
angles, 26= 6.299, 7.216, 7.851, 11.365, 15.760, 16.806, and 17.795 degree corresponding to
reflection surfaces (101), (010), (110), (011), (101), (101) and (220) respectively, and this is in
relatively agreement with Célle and Brutting . These peaks corresponding to Algz with phase a. For
Ceo the well-defined peak (220) in these patterns corresponds to the highly ordered crystalline
structures and the peak (111) disappears in second ratio. The disappearing of some peak corresponding
to Algs and Cg in thin films of the ratio (100:10) may be due to the increasing in amorphosity in these
films caused by adding more quantity from Cg,, or may be due to the amorphous nature with some
crystalline peak in the XRD patterns for both Algs and Cg thin films corresponds to a large
distribution of possible molecular packing’s when the powder has been diluted in solvent and spin-
coated onto glass substrates [16-18].
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Figure 2:-XRD pattern of as-deposited and annealing temperature blend (Algs/ Ceo) thin films.
(100:1).
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Table 1-The structural parameters of as-deposited and annealed (Algs:Cg)(100/1)wt%thin Films Thin
Films
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Figure 3-XRD pattern of as-deposited and annealing temperature blend (Algas/ Cg) thin films.
(100:10).
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Table 2-The structural parameters of as-deposited and annealed (AlQgs:Cg)(100/10)wt% thin Films
Thin Films
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The primary purpose of the use of an atomic force microscope (AFM) was to study the surface
nanostructure of the BHJ Alqgs:Cg thin film. AFM system is useful technique, capable of drawing three
and two-dimensional images of the surface of the Algs:Ceo organic thin films and clarify the
morphological changes in organic thin films at different thermal annealing temperatures. Figures- (4 to
7) shows AFM micrographs {roughness average, r.m.s roughness, average diameter (grain size), and
peak to peak} of the Algs:Cqo thin films deposited by spin coated on Si and PS-Si with two
concentration weight ratio (100:1) and (100:10) at room temperature and various thermal annealing
temperatures (373, 423 and 473) K.

The average roughness (R,) can be used to describe the sharpness of the films’ surface. That is, the
average roughness is defined as the mean height of the surface from the center of the plane in a given
area [19]. Root mean square (r.m.s) roughness defined as the standard deviation of the surface height
profile from the average height, is the most commonly reported measurement of surface roughness
[20].

The surface microstructure of (100:1) Algs: Ceo / Si, (100:10) Algs: Ceo / Si, (100:1) Algs: Ceo / Ps,
(100:10) Alg3: C60 / Ps thin films were carried out by AFM. Fig. 4 to 7 indicates the 3D& 2D AFM
images (100:1) Algs: Cgo / Si, (100:10) Algs: Ceo / Si, (100:1) Algs: Ceo / Ps, (100:10) Algs: Ceo / Ps
thin films at different annealing temperature varied at RT, 373K, 423K and 473K.
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Figure 4-3D& 2D AFM images of (100:1) Alg3: C60 / Si thin film at (a) as

(c) Ta=423K (d) Ta=473K

1258



Iragi Journal of Science, 2018, Vol. 59, No.3A, pp: 1253-1264

Noori et al.

1011.70

Figure 5-3D& 2D AFM images of (100:10) Alg3: C60 / Si thin film at (a) as-deposited (b) Ta=373 K
(c) Ta=423K (d) Ta=473K
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Figure 6-3D& 2D AFM images of (100:1) Alg3: C60 / PS thin film at (a) as-deposited Ta=373 K (c)
Ta=423K (d) Ta=473K
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Figure 7-3D& 2D AFM images of (100:10) Alg3: C60/ PS thin film at (a) as-de posited (Ta=373 K

(c) Ta=423K (d) Ta=473K
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Table 3-Grain size, Roughness average and peak to peak (nm) of deposited and annealed Algz: Cgo/ Si
and Alg3: C60 / PS thin films.

(100:1) Alg3: C60/ Si

T.K Roughness Average r.m.s roughness AVQ' D_|ameter Peak to peak (nm)
(nm) (grain size) (nm)
RT 1.19 1.38 46.54 4.67
373 0.496 0.572 57.76 1.98
423 1.4 1.64 64.76 5.83
473 0.588 0.681 85.13 2.37
(100:10) Alg3: C60/ Si
T. K Roughness average r.m.s roughness Avg. Diameter Peak to peak (nm)
(nm) (grain size) (nm)
RT 1.40 1.64 49.78 5.9
373 0.403 0.465 62.09 1.61
423 1.14 1.32 66.33 4.75
473 1.42 1.66 89.94 5.81
(100:1) Alg3: C60/PS
T.K Roughness average r.m.s Avg. D_|ameter Peak to peak (nm)
(nm) roughness (grain size) (nm)
RT 0.792 0.913 35.00 3.15
373 0.466 0.515 47.45 1.78
423 1.03 1.19 63.50 4.13
473 1.63 1.89 77.93 6.91
(100:10) Alg3: C60/ PS
T.K Roughness average r.m.s roughness AVQ' D_|ameter Peak to peak (nm)
(nm) (grain size) (nm)
RT 1.18 1.36 41.61 4.73
373 0.219 0.26 50.94 1
423 0.893 1.02 70.74 4.74
473 1.13 1.31 79.68 4.44

The root mean square (RMS) surface roughness, obtained from AFM images corresponding to
(1001) A|q3: Ceo ! SI, (10010) A|q3: Ceo ! SI, (1001) A|q3: Ceo / Ps, (10010) Alqg: Cso / Ps thin films,
is listed in Table 3. . Based on the results obtained, the grain and grain boundaries are not obviously
seen. However, there is particles overlap which beliefs to be stacking grains. The AFM results show
that the size of the grains increased as the annealing temperature increased to 473K. This increasing in
grain size is due to the increases of surface energy at high temperature. The grain growth mechanism
happens due to the transfer of atoms at higher temperature have sufficient diffusion activation energy
to occupy the crystal lattice and induced the small grains by grain boundary diffusion thus the grains
form in larger size [21].

The obtained results of surface roughness at RT annealing temperature from table 1 for all films
have certain value then with the increasing of temperature the surface roughness (SR) decreased then
when continuously increasing the temperature the SR for the films increased also at 473K annealing
temperature. This behavior can be attributed to the random distributions of the grains and also due to
the phase change. It can be concluded that low roughness of all films was at high 473K annealing
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temperature. Or this different in morphology of the surfaces for annealed and un-annealed Algs: Coo /
PS and Algs: Cg / PS is may be induced by presence of Cg in structure of this blend.

4. Conclusion

e The XRD pattern showed that the structure of (Algs:Cgo) as-deposited and annealed BHJ thin films
are polycrystalline in nature for both mixed weight ratio.

o Crystallite size increase is due to the increases of surface energy at high temperature. Surface
roughness increasing and decreased randomly with the temperature can be attributed to the random
distributions of the grains and also due to the phase change.
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