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1. Introduction

Organic materials such as oligothiophenes areldaitar exploring different synthetic,
morphological and electronic relationships in oigaemiconductors. They are widely used
in organic electronics because of their excellgstical, electrochemical properties and the
effect of self-organization. Correlation of elecinemical and photophysical properties with
the molecular structure is important for rationaastigation of novel materials for (opto-
)electronic applications, including organic solalls (OSCS), dye sensitized solar cells
(DSSCs), organic light-emitting diodes (OLED) andamic FETs (OFETS) [1].

For determining optical properties of oligothiopkealtrathin films spectroscopic
ellipsometry was used. Spectroscopic ellipsomedrg very sensitive method; it enabled to
determine thickness and refractive index of oliggthene films deposited on a silicon
substrate by the Languir-Blodgett method as wellyaspin coating technique. This work was
focused on creating a spectroscopic ellipsometrdehéor organic materials. The samples
were measured by spectroscopic ellipsometry andctefnetry using polarimeter Horiba
Jobin-Yvon MM-16. Spectroscopic model based orLtbrentz dispersion was elaborated.

2. Ellipsometry and Reflectometry

Ellipsometry is a nondestrustive optical methoddusea wide range of thin layers
applications. The basic principle is observatiorpofarization state changes in the reflected
light. After the reflection of light from a layeresirface both the amplitude and the phage of
ands polarization components are changed. Analyzingddi@ measured, the ellipsometric
parameterg! (phase difference) and (ratio of Fresnel’s reflection amplitudes) areragted
using the ellipsometric equation

r,/r, = tany (1)

wherery, rs are complex Fresnel's reflection amplitudes [2].

The values of the ellipsometry parameters depenthickness and complex material
permittivity constant of the layered structure,lumiing a substrate. Because the material
constants are dependent on the wavelength of tieeint light and considering the fact that
light can interfere on the layered structure, trerametersy and A exhibit spectral
dependences.

The measured data are used to construct a modalian each layer refers to a given
material. The model uses mathematical relationkeata dispersion formula that helps to
evaluate thickness and optical properties of thden@ by adjusting specific fitting
parameters. In our analyses we used a model basi@ d.orentz dispersion described by the
following equation
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wheree« is the high frequency dielectric constasit(es > ¢») gives the value of the static
dielectric function at zero frequenay,is the resonant frequency of the oscillator wrersergy
corresponds to the absorption pelakjs the broadening of each oscillator also knowthas
damping factor [3].

In ellipsometry the theoretical model is to be cansgl with the measured data. The
ellipsometry model comprises a multilayer structcmasisting of individual material models
representing the substrate, all assumed layers,(8i@rface layers), and the superimposed
material layer under study.
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Fig. 1:Layer structure of ellipsometry model.

In spectroscopic reflectometry the intensity ofieeted light is measured in a broad
wavelength range. Non-polarized light at a normaldence is used. The method is based on
the measurement of light intensity before and a##ection from the sample. The ratio of the
reflected and incident light intensity is denotedthe absolute reflectance. Generally, it is
difficult to measure directly the intensity of lighefore the incidence. The absolute reflectance
of an unknown sample can be calculated from thesareaent of the relative intensity of
reflected light if the absolute reflectance of teéerence sample is known (Si with a native
SiO, layer). The evaluation of data is also based erfitting of parametric multilayer model,
similarly to the ellipsometry model (Fig.1), to nseiaed reflectance. lllustrations of measured
and fitted reflectances are shown in Fig 2.
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Fig. 2: Comparison of measured and fitted spectral reflectances of oligothiophene LB
monolayer (a), LB multilayer (b), and spin coated layer (c).

3. Reaults

All measurements were carried out using spectmsgmlarimeter Horiba Jobin-Yvon
MM-16. The spectral range of the device was betwthnm and 850 nm with a step of 2
nm. The light beam diameter was 1 nm. The experiahelata were evaluated by DeltaPsi2
software.

Spin coating is a deposition technique which pitesian organic layer of uniform
thickness. A small amount of material was added ag¢nter of the rotating substrate. The
sample deposited by spin coating (2000 rpm) waggpesl at the Institute of Electronics and
Photonics FEI STU in Bratislava.

Monomolecular assemblies on substrates, now tetrargmuir-Blodgett (LB) films,
exhibit many interesting properties and can perfumnctions which give them perspectives to
impact advanced technologies and molecular elecgaman important way. When using this
technique, the organic material was spread on angatface where it spontaneously forms a
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monomolecular layer. The material was deposited antsubstrate by slow dipping and
withdrawing through the air/water interface. Instay it is possible to prepare a monolayer
or by multiple traversals even a multilayer. Bytast with evaporation or sputtering the LB
technology is based on a low temperature processhwiever results in a damage of the
substrate surface [4].

Oligothiophene hexamer (OTH) — 3,3"-bis-
decyl[2,2"5'.2%;5%,2";5", 2" 2" |sexitioph ene-5,5"“-didaroxilic acid was synthetized
according to the procedure presented in [5].

H;CO,C

CioHy)

Fig. 3:Chemical structural formulae of oligothiophene hexamer.

The samples of organic thin films were preparediboon substrates. The main goal
of this study was to establish a suitable modeld@termining thickness and the refractive
index of the layers. The material models were bagedthe Lorentz dispersion. The
ellipsometry model involved Si substrate, Sil@erlayer and a top layer of oligothiophene (see
Fig.1).

We elaborated two ellipsometry models. Each eailipstry model consists of SiO
dispersion interlayer. In the former (Model I) Si@ispersion was theoretically calculated, in
the latter (Model 1) Si@dispersion was computed from the measured datdaded to the
ellipsometry model. The same models were usedlipsemetry and reflectometry data. Both
models give similar results, which are listed irb[Eal and Table 2.

Tab. 1:Thickness of organic layers evaluated from ellipsometry and reflectometry on the

basis of Model I.
thickness , : .
am monolayer multilayer spin coating
ellipsometry 1.1#0.01 11.20.45 14.490.56
reflectometry 1.56:0.19 12.780.05 14.980.7

Table 1 shows results from the ellipsometry madelhich SiQ dispersion was
theoretically calculated. The results from the psitimetry model (Model II) with SO
dispersion computed from measured data are preseniable 2.

Tab. 2:Thickness of organic layers evaluated from ellipsometry and reflectometry on the

basis of Moddl I1.
thickness : . :
am monolayer multilayer spin coating
ellipsometry 1.36:0.12 12.920.02 14.720.02
reflectometry 1.120.98 12.2%0.05 14.880.05

We analyzed reflectometry and ellipsometry datancaarently by the bound
multimodel. It is useful to bind several experin@ndata types from the same sample or
different samples that exhibit at least one compioysical property. Combining data provides
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generally the advantage to reduce strong parameteglation in the optical data modelling
process. Resulting thicknesses are shown in Table 3

Tab. 3:Thickness of organic layers evaluated from ellipsometry and reflectometry on the
basis of the bound multimodel.

nm monolayer multilayer spin coating

thickness 1.1#0.01 12.7%0.85 14.530.47

Both methods used in this study spectroscopicsahpetry and reflectometry provide
similar results. This is documented in Fig. 4 Ispactral dependence of the index of refraction.

Fig. 4 shows behaviour of the complex refractiveey a real part of the refractive
index on the left and the dependence of extinataefficient on the right side. The absorption
spectrum was recorded from the solution of oligmgthiene in chloroform whereas the
extinction coefficient was evaluated from the dalbained from a layer as deposited on the
solid substrate. This fact caused an apparentishife peak position by approx. 70 nm towards
higher wavelengths.
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Fig. 4: Refractive index and extinction coefficient of monolayer, multilayer filmand film
prepared by spin coating.

4. Conclusion
In this work oligothiophene samples prepared by lthagmuir-Blodgett and spin

coating techniques were analyzed. The samples nveasured by spectroscopic ellipsometry
and reflectometry. Three types of ellipsometry nigaeere elaborated and compared.
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