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Research Highlights

The Disperse Red-1 (DR-1) molecule with its conjugated chain structure is known to offer
great potential for photonic device applications, such as optical switching and optical data
storage. For the aforementioned device applications, thin film of those molecules must be
fabricated satisfying the requirements of having smooth and flat surface, uniform thickness
and stable structure as well as attractive optical properties. As a result of this research, DR-1
films have been obtained which exhibit crystalline structure with the molecules deposited in
parallel polar orientation perpendicular to the substrate and regular head to tail stacking when
the electric field applied larger than 0.59 MV/m. This is understood to be result of the
formation of strong hydrogen bonding acting as the anchoring mechanism. In addition, it is
shown an increase in the optical refractive index as a result of an increase in the external
electric field in the deposition process of the DR-1 films.

Research Objectives

This research is aimed to study surfactant effect of ITO substrate surface and the effect of
external electric field applied during the deposition procces on properties of the resulted DR-
1 film. Further, the anchoring mechanism involved in the deposition of the molecule is
investigated in relation with the properties of the fabricated film. In addition to that, the
optical property (refractive index) of the DR-1 film is also investigated to study the effect of
the applied electric field.

Methodology

In this research, a special electric field assisted Physical Vapor Deposition (PVD) method has
been developed allowing the deposition process to be carried out under varied electric field.
Samples in the form of thin films were deposited on an ITO substrates using VPC 410
Vacuum Evaporator from Ulvac Sinku Kiko. The films were prepared with various external
electric field strengths of O until 3.3 MV/m. The duration of the deposition process of all the
thin films was about 1 houi No further treatment was performed on the deposifed films.
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Characterization of structure and molecular orientation of DR-1 films obtained with SEM-
EDX (SEC, SNE-4500), RAS-FTIR Perkin Elmer and UV-Vis Spectrometer Lamda 35
Perkin Elmer. Measurements of the refractive index and film thickness were carried out using
the NanoCalc-2000 VIS Reflectometer.

Results

The SEM image recordings show that with the help of the external electric field, the resulting
film shows an orderly structure which increases with the formation of a crystalline structure
in the film on the surface of about 3.3 MV/m. RAS-FTIR data analysis shows the occurrence
of hydrogen bonding between DR-1 molecules deposited with ITO substrates. Furthermore,
analysis of UV-VIS spectroscopy shows that the molecule is deposited in a parallel direction
perpendicular to the ITO substrate surface. This result supports the stability of film structure
thanks to a strong anchoring mechanism. Reflectometer measurements on DR-1 films show
an increase in the optical refractive index as a result of an increase in the external electric
field in the deposition process of the DR-1 films.

Findings

As a result of this research, DR-1 films have been obtained which exhibit crystalline structure
with the molecules deposited in parallel polar orientation perpendicular to the ITO substrate
and regular head to tail stacking when the electric field applied larger than 0.59 MV/m. This
is understood to be result of the formation of strong hydrogen bonding acting as the
anchoring mechanism. In addition, it is shown that the refractive index of the DR-1 film is
affected by the strength of the applied electric field.
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