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1.  Introduction

Organic electronics is a fast growing fi eld of research and 
technological developments. First applications based on 
organic electronics have been available on the market for a 
couple of years, so high resolution colour displays based on 
organic light-emitting devices are used in digital cameras 
or mobile phones. Efforts are still going on to fi nd better 
materials and for a better understanding structure property 
relationships of organic semiconductors. Although exem-
plary applications have been realized from polymers and 
amorphous layers of evaporable molecular materials, crys-
talline organic semiconductors receive intense attention 
because the charge-carrier mobilities in these materials are 
much higher than in polymers or amorphous layers. After 
optimizing the electronic properties of organic devices (e.g. 
organic fi eld-effect transistors or organic light emitting dio-
des) and demonstration of fundamental devices, attention 
has turned to morphology and composition of the fi lms. 
Understanding and controlling the morphology of organic 
fi lms will have a signifi cant impact on the performance of 
organic-based devices, e.g. by minimizing the number of 
grain boundaries in the active region of an organic fi eld-
effect transistor (OFET) [1].

We have investigated with different measuring tech-
niques thin fi lms of 5,5’-Di(9,9’-di-(butyl)-fluorene)-2,2’-
bithiophene (DBFBT) prepared on different substrates by 
high-vacuum evaporation and spin-coating techniques. 
This material combines thiophene and fl uorene moieties, 
in order to promote either hole or ambipolar transport. 
Since the latter is usually used for development of com-
plementary logic devices, materials which support ambi-
polar transport like the fl uorene-bithiophene copolymer 
F8T2 are of great importance for realizing organic com-
plementary logic devices [2]. Such devices are working 
more stable and are more reliable than other logic devices, 
which are based on one type of charge carrier transport 
only. The investigation of DBFBT is, therefore carried out 
on the background of application in complementary logic 
devices. Z. Bao et al. [3] showed, that with this class of 
material hole mobilities of up to 0.1 cm²/Vs could be 
reached, when the morphology of the thin fi lm is opti-
mised by changing substrate temperatures or evaporation 
rates. They showed an increase in the mobility to 0.06 
cm²/Vs when the substrate temperature is raised from 
25 °C to 140 °C during the evaporation process. These 
high mobilities make this class of material interesting for 
OFET applications.

2.  Results and discussion

2.1. Material
5,5’-Di(9,9’-di-(butyl)-fl uorene)-2,2’-bithiophene is an 
organic semiconductor, with the chemical structure 
shown in fi g. 1. 

Fig.1. Chemical structure of 5,5’-Di(9,9’-di-(butyl)-fl uorene)-2,2’-
bithiophene (DBFBT).

The thermal properties of DBFBT were determined by a 
DSC scan. The heating curve shows a melting at 207 °C. 
Recrystallisation can be detected at 140 °C in the cooling 
curve. Thin fi lms of the DBFBT for UV-VIS measurements 
were prepared on quartz substrates by spin coating from a 
chloroform solution (5 mg DBFBT in 10 ml solvent). The 
UV-VIS absorption and photoluminescence (PL) spectra of 
the prepared greenish thin fi lms are shown in Fig. 2. The 
main absorption maximum is at 406 nm. PL spectra of 
DBFBT thin fi lms show well-resolved maxima at 464 nm 
and 590 nm, respectively. 

Fig. 2. UV-VIS and photoluminescence spectra of thin fi lms of 
5,5’-Di(9,9’-di-(butyl)-fl uorene)-2,2’-bithiophene.

Cyclic voltammetry (CV) was used to investigate the oxi-
dation behaviour of the 5,5’-Di(9,9’-di-(butyl)-fl uorene)-
2,2’-bithiophene and to estimate the energetic position of 
its HOMO level. In Fig. 3 the CV measurement is plotted 
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and shows two fully reversible oxidation peaks. Repeated 
oxidation and reduction has no infl uence on the redox po-
tential. This is a good proof for the electrochemical stability 
of the material. The oxidation potential was measured vs. 
Ag/AgNO3 as reference electrode at 25 °C and in CH2Cl2 as 
solvent. The calibration of the experiment was made with 
the standard ferrocene/ferrocenium redox system. 

Fig. 3. Cyclic voltammogram of DBFBT in CH2Cl2 measured 
with Ag/AgNO3 as reference electrode.

Taking -4.8 eV as the HOMO level of the ferrocene system, 
the HOMO level of the material is -5.3 eV [4]. With this 
value a LUMO level of -2.6 eV can be calculated with an 
optical band gap of 2.7 eV taken from the absorption edge 
of 475 nm (see fi g. 2).

2.2. AFM results for DBFBT thin fi lms 
Thin fi lms of DBFBT were prepared using different techni-
ques: high-vacuum evaporation and spin coating. Firstly 
high vacuum evaporated DBFBT thin fi lms were prepared 
on various substrates: silicon wafers and glass slides coated 
with indium tin oxide (ITO). Films were deposited by ther-
mal evaporation in a diffusion-pumped vacuum system 
with a typically base pressure of less than . The 
substrates were held at room temperature and the DBFBT 
was deposited with , with a fi nal average thickness of 
150nm. The temperature of the sample holder was con-
trolled at a large temperature range by resistive heating 
elements and water-cooling. The temperature of the sub-
strate was monitored by iron-constantan thermocouples. 
A quartz oscillator monitored the deposition rate. Also, 
during the deposition of thin fi lms, the deposition rate was 
kept constant. A shutter allowed adjusting the evaporation 
rate to the desired value before the deposition of the DBF-
BT thin fi lm was performed. The material was loaded to a 
crucible, which was resistively heated (here the material 
was heated up to 240°C). 

Second, spin-coated DBFBT thin fi lms were also prepa-
red on different substrates. The spin-coating technique 
involves the application of a liquid drop of diluted layer 
material to the centre of the fast spinning substrate, 
where it is spread towards the whole surface. Usually 
two parameters infl uence mainly the thickness, but also 
other properties of the thin fi lms: spin-speed and visco-
sity. Different spin-speeds (2000 rpm, 1500 rpm, 1000 
rpm) were used and the viscosity was kept at a constant 

value. A concentration of 5 mg material/10ml chloroform 
has been used to prepare the thin fi lms. The range of 
fi lm thickness achieved by spin coating is 100-150 nm, 
dependent on the spin speed. 

The fi lm morphology was characterized using an Ato-
mic Force Microscope from Park Scientifi c Instruments, 
operating in non-contact mode.

Fig. 4: 30x30 µm2 atomic force microscope image of DBFBT layer 
with average thickness of 150 nm deposited by high vacuum 
evaporation technique on ITO substrate (a) and on silicon substrate 
(b).

Atomic force microscopy (AFM) images of the topology 
of DBFBT fi lms deposited by high-vacuum evaporation 
technique are shown in fi g. 4. The 30×30µm² scan shows 
nucleated islands grown laterally by capturing diffusing 
molecules. Diffusive capture results in morphology de-
termined by ‘hit and stick’ mechanism basis of diffusion-
limited aggregation. In some systems, which are described 
with diffusion-limited aggregation (DLA) mechanism, the 
elementary units that successively stick to form the aggre-
gate remain thereafter at relatively fi xed positions, thus 
causing an intrinsic rigidity in the structure. The statis-
tical properties characterizing the disorder of the particle 
position are quenched by the growth process itself. This 
is an important limitation that makes it impossible to 
apply a diffusion-limited model to describe aggregating 
systems, like the ones involving rearrangement within 
the clusters [5] or systems of polymer chains in solution 
[6], that consists of elements of a fl uctuating nature. A 
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realistic model for describing growth in this class of sys-
tems must include information not only about the col-
liding events that lead to the irreversible build up of the 
structure, but also about the equilibrium confi gurations 
that result from the Brownian motion of the internally 
articulated constituents.

Aggregation takes place when identical particles are 
joined into clusters according to some rule: the statisti-
cal properties characterizing the positional disorder are 
a combination of quenching and annealing processes 
but more crucially, the consecutive attachments of the 
incoming diffusive particles will now be biased by the 
fl uctuations of the existing aggregate. Aggregation almost 
always leads to ramifi ed structures with fractal geometry. 
The process starts with a single seed particle at the origin. 
A particle is then released from a distant point and is 
allowed to undergo a diffusive motion until it arrives at 
a site adjacent to the seed, where it sticks permanently 
to the seed. Additional particles are released one by one 
and are attached to the growing aggregate in the same 
way [7,8]. 

Atomic force microscopy (AFM) images of the topology 
of the DBFBT fi lms deposited by spin-coating technique 
are shown in fi g. 5. 

Fig. 5: 30x30 µm2 atomic force microscope image of 5,5’-Di(9,9’-di-
(butyl)-fl uorene)-2,2’-bithiophene layer with a thickness of 150 nm 
(a) and 100 nm (b) deposited on ITO substrate by spin-coating.

According to the application requirements, the thickness 
of the DBFBT thin fi lms prepared by spin coating can be 
adjusted. Depending on the spin-speed, coating thickness 
can be varied, e.g., from 100 nm to 150 nm, with one 
single spin coating step. Results obtained from 150 nm 
and 100 nm thick coating layers are shown in Figs. 5(a) 
and 5(b). These fi gures are 2D pictures of an area of 30 
x 30 µm² on the coating surface, which shows an ave-
rage surface roughness RMS of 27 nm (fi g. 5(a)) and 24 
nm (fi g. 5(b), respectively). The DBFBT thin fi lms show 
a microcrystalline structure, as it can be seen from the 
above fi gures.

3.  Conclusions

The structure and morphology of thermally evaporated 
and spin-coated DBFBT fi lms have been studied. In the 
preparation step of thermally evaporation high-vacuum 
thin fi lms, indications for a mechanism based on diffusi-
on-limited aggregation (DLA) were detected. By comparing 
the AFM pictures of DBFBT deposited by these two me-
thods, it was demonstrated that the deposition technique 
infl uences the topography of the thin fi lms too. From the 
high-vacuum thermally evaporation method well ordered 
structures, and from spin-coating a micro-crystalline struc-
tures are obtained. On the other hand, in case of thermally 
evaporated material in high-vacuum deposition, DBFBT 
fi lms deposited on different substrates (silicon and ITO) 
did not show different morphologies. Fractal growth by 
the mechanism based on diffusion-limited aggregation has 
been detected on different substrates.

In order to apply DBFBT thin fi lms further studies 
are necessary including x-ray investigations, in order 
to get information about the unit cell, angle resolved 
ultraviolet photoelectron spectroscopy measurements 
for obtaining the valence electronic structure of DBFBT 
and time-of-fl ight measurements to obtain information 
about transport properties. Here initial information for 
all these studies is provided because the mentioned pro-
perties depend all on the actual morphology as described 
in the present paper.
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