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A pentacene-channel organic-field-effect transistor was prepared on a hybrid-type SiOC film
as gate dielectric material without self-aligned materials. The island growth of pentacene was
correlated with the surface energy of the SiOC films deposited with various flow rate ratios. The
surface energy of the SiOC film with hybrid properties was lower than that of the SiOC film
with other properties; therefore, the surface diffusivity increased because of the weak boundary
condition; the coverage increased, as well.
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In this research, we used a SiOC film with hydrogenterminated bond. The SiOC film is the promising candidate for an insulator, because it can replace the silicon
dioxide (SiO2 ) [10,11]. Hybrid type SiOC film possesses a
lower dielectric constant owing to the presence of lighter
C and H atoms, as opposed to Si and O [12, 13]. We
examined the influence of the growth conditions of pentacene on the hybrid-type SiOC film. Pentacene films
were deposited on bottom gate transistor configurations.
We researched the growth of the pentacene molecular
on the surface of the SiOC film due to the Diels-Alder
reaction.

I. INTRODUCTION

Organic thi-film transistors (OTFTs) have been extensively researched because organic thin film transistor
(OTFT) technology is cost effective with its low temperature and high speed carrier mobility. Among various
organic materials, a pentacene fused-ring polycyclic aromatic hydrocarbon is known to have a high mobility [1–
4]. However, because its mobility depends on the properties of the surface, if the performance of pentacene TFTs
is to be improved, the surface of gate insulator must
be treated by using self-assembled monolyaers (SAMs),
such as PMMA [5] or 2-mercapto 5-nitrobenzimidazolem
(MNB) of an organic type [6], and octadecyltrichlorosilane (OTS) of a inorganic type [7]. Therefore, it is important to understand the intermolecular interactions and
the molecular adsorption of organic molecules on metal
substrates. For example, for polycrystalline pentacene
with high structural order, the surface of the gate dielectric needs to be smooth to grow perpendicular formations of pentacene. If not, rough dielectrics disturb
the perpendicular growth, thus reducing the crystal size
of pentacene [8]. Huang et al. [9] researched pentacene
film growth with submonolayer coverage on hydrogenpassivated Si(111) substrates to study the evolution of
the island shape caused by the diffusion-limited aggregation (DLA) growth mode. They assumed two kinetic
effects, the substrate surface and the flux, and suggested
that the properties of the hydrogen-terminated surface
induced second layer nucleation.
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II. EXPERIMENT
For the preparation of the gate insulator for pentacenechannel OTFTs devices, a SiOC thin film was prepared.
Pentacene (C22 H14 ) is a small-molecular aromatic hydrocarbon having five benzene rings fused in a straight
line and was purchased from Aldrich company. It was
used as source material for the channel of the TFT device [9] and was deposited on a gate insulator on the Si
substrate. The electrode source, drain, and gate were
made by thermal evaporating of gold through a shadow
mask. The low-k SiOC film was deposited on a p-type
(100) Si substrate by using with a mixture of gases
of the bis-trimethylsilylmethane (BTMSM, [(CH3 )3 Si]2
CH2 ) and oxygen, and the BTMSM precursor was carried into chamber by argon gas. Various flow rate ratios
of O2 /(BTMSM+O2 ) were chosen as a compromise between island shapes and nucleation densities. The gate
dielectric thickness of the SiOC film was about 150 nm.
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Fig. 1. Contact angle of SiOC film according to the flow
rate ratios.

The substrates of SiOC film were fixed a 80 ◦ C and the
pentacene was deposited at the rates of 0.1 ∼ 0.3 nm/s,
with a final thickness of 50 nm.
The thicknesses of the films were measured by using a
FESEM (field-emission scanning electron microscope, S4700) and an ellipsometer (Gaertner L116C). From the
SEM images, we are able to determine the nucleation
densities, the coverage of pentacene islands, and the radius of gyration. The water contact angle of the samples
due to the chemical shifts was researched by using surface electro optics (SEO).

III. RESULTS AND DISCUSSION
THe hybrid-type SiOC film has organic, hybrid, and
inorganic properties, depending on the flow rate ratio.
To research the properties of the surfaces, we critically
measured the variation of the contact angle with the flow
rate ratio. Pentacene-channel FETs were prepared for
SiOC films of three types, and their SEM images were
obtained.
Figure 1 displays the contact angle for the various
types of pentacene surfaces deposited on the SiOC film
as a function of the O2 /(BTMSM+O2 ) flow rate ratio,
as obtained using SEO measurements. The tendency of
contact angles with increasing the flow rate ratios is in
agreement with the tendency of our previously reported
X-ray diffraction patterns and dielectric constants [11].
The organic and inorganic, SiOC films become hydrophilic with increasing O2 /(BTMSM+O2 ) flow rate
ratio, and the contact angle on the surface decreases.
However, the SiOC film surface with hybrid properties provides good condition for the surface diffusion of
monomers and nucleation owing to the Diels-Alder reaction, and it is capable of having a weak boundary
condition due to surface energy without the coalescence

Fig. 2. Surface energy of SiOC film according to the flow
rate ratios.

Fig. 3. Generation of the C=O double bond and the C-O
single bond.

between neighboring islands being lowest because the
contact angle increases dramatically on the surface of
the SiOC film with hybrid properties [12]. Figure 2
presents the variation of the surface energy with the
O2 /(BTMSM+O2 ) flow rate ratio, as obtained from the
2
√
equation γL (1 + cos θ) = 2 γL γs e−β(γL −γs ) , where θ is
the contact angle, γL is the surface tension of water, γs is
the surface energy of the solid, and β is an empirical constant with an average value of 0.0001057 (cm2 mJ−1 )2 ,
respectively.
Figure 3 shows two kinds of carbonyl groups made by
using a BTMSM and O2 mixed-precursor. The carbocation becomes a C-O single bond, and the ionic group
of carbon becomes a C=O double bond. The bonding
structure of SiOC films is based on C=O double bonds
and C-O single bonds. Both the C=O double bonds
and electron-rich groups produce a cross-linked breakage
structure. On the other hand, the C-O single bonds and
electron-deficient groups make a cross-linked structure
[10]. Figure 4 explains the bonding structure of SiOC
films associated with the interaction between Si-CH3 and
oxygen for increasing oxygen.
Figure 4(a) shows the void due to the steric hindrance
of many alkyl group in the SiOC film. The Si-CH3 bond
in the void is easily broken by the strong bond enthalpy
of O2 , and the organo-metallic carbon such as the C-O
bond, reunites. Figure 4(b) shows that the Si-CH3 bond
breaks with increasing the oxygen and the C-O bond is
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Fig. 4. Bonding structure and the interaction between Si-CH3 and oxygen according to increase the oxygen. (a) and (b) are
Si-O-C cage structure, (c) and (d) are Si-O-C cross-link structure.

generated because of the O-O bond with a weak bonding
strength. Therefore, the CH bond strength of the new OC-H bond becomes strong because the electro-negativity
of oxygen is higher than that of silicon. Figures 4(c)
and (d) explain the Si-O-C cross-linked structure without pores cause by Si attack. The C-H bond’s elongation
due to the oxygen, as shown in Figure 4(d), improved the
adhesion and the mechanical properties due to the weak
boundary condition and also decreased the dielectric constant. We can say that SiOC films with a cross-linked
structure have desirable chemical-physical properties for
low-k materials.
Figure 5 shows SEM images of a pentacene surface deposited on a hybrid-type SiOC film for the three classifications, organic, hybrid, and inorganic. All the images
were acquired at the same magnification and length scale.
Generally, the island’s branches of the surface grown pentacene typically have dendritic-compact shapes under an
optical microscope. To research the boundary effect on
pentacene growth, we obtained the surface images of pentacene on a SiOC film by using a field-emission scanning electron microscope (field-SEM). The island shape
makes a difference, depending on the island coalescence
and the average distance between islands, so the coverage also differs. The shape coverage is the highest for
the pentacene grown on a SiOC film with hybrid properties, as shown in Figure 5(d). We confirmed that the
properties of the SiOC film as substrate affect the evolu-

tion of the island shape. Figure 5(a) and 5(b) show that
the distance between islands is relatively large and that
island coalescence occurs. The diffusion-limited aggregation (DLA) growth mode occurs on the surface with hydrophobic properties, and the island coalescence occurs
when the distance between island edges (dedge ) is smaller
than 2λD (λD is the characteristic diffusion length of
monomers on the substrate surface) because the surface
energy of the substrate increases. Figure 5(a) with a
weak surface energy for the substrate compared to Figure
5(b) presents a relatively large distance between islands
because the DLA growth mode occurs by surface diffusion due to the correlation between islands on the hydrophobic surface. The grain size due to the coalescence
between neighboring islands increases as shown in Figure
5(a). The surface diffusivity increases at the hydrophilic
surface with low surface energy. Figure 5(c) shows that
the grain size is small and that the distance between islands looks like pin holes. However, Figure 5(d) shows a
high nucleation density, and it seems that the entire surface consists of the united island coalescence and that
the surface diffusivity of pentacene is higher than any
others. The weak boundary condition without intervals
between islands is attributed to the low surface energy of
the SiOC film with hybrid properties. The SEM image
of pentacene deposited on the SiOC film with a 75 %
flow rate ratio shows many pinholes as inter spacea between islands with increasing flow rate ratio, as shown in
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and this film is known to have a very low dielectric constant. In this study, we found that this film also had
a low surface energy, and that its weak boundary condition affected the surface diffusivity of pentacene, and
that the effect of the distance between the islands decreased. The morphology of pentacene on SiOC film depended on the properties of the SiOC film. The contact
angle, defined by the type SiOC film, was classified into
three types. The distance between islands evolved on
the surfaces with hydrophobic and hydrophilic properties. However, the distance on the surface with hybrid
properties decreased the space effect because of the distance between islands.
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