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prior to the measurements, Atomic force microscopy
(AFM, SPA 400, Seiko) was performed to investigate
the surface morphology.
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Fig. 1 (a) Schematic depiction and (b) optical
microscopy image of the top view of the transistor
fabricated using hybrid dielectric.

3. Results

It is observed that the dielectric strength of the hybrid
dielectrics 1s about 1.65 MV/em (defined as an
electric field at the current density of 10° A/em®) and
the capacitance of the hybrid dielectric is 13.5 nFlem’
at the frequency of | MHz, as shown in Fig, 2, The
diclectric constant is calculated o 4.0, considering the
thickness of the hybrid dielectric film is 260 nm.
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Fig. 2 (a) J-F and (b) -V characteristic of the
organic-inorganic hybrid diclectric material.

The roughness of a gate dielectric layer is a
significant issue in the fabrication of OTFTs. Rough
surface likely induces defect and wvoids at the
semiconductor-dielectric  interface  during  the
deposition of the semiconducting layer and
consequently  the  field-effect  mobility  could  be
lowered by the interfacial charge trap and poor
maolecular ordering of semiconductor. As shown in
Fig. 3, the surface of the hybnd dielectric 15 very
smooth, representing a rms surface roughness of 6 »
In our sol-gel derived hybrid materials, the organic
molecules are homogeneously incorporated into the
inorganic matrix at the molecular-scale. Thus the
films with the superior smoothness are easily
achieved by simple coating methods such as spin-
coating and dip-coating, while physical incorporation
of inorganic particles in the organic matrix leads to
form the film with rough surface [11].

Fig. 3 Atomic force microscopy image of surface of
the organic-inorganic hybrid dielectric film,
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Fig. 4 Transfer (a) and output (h) characteristics of the
organic thin-film transistor with a hybrid material as a
dielectrie layer.

Figure 4 shows the transfer and output characteristic
of the transistor fabricated vsing the sol-gel hybrid
film as a dielectric layer. The fabricated transistor
displays the off-current of 6 10" A, field-effect
mobility of 5+ 407 em’V's”, and threshold voltage
of -0.3 V. The field-effect mobility and threshold
voltage are caleulated from the slopes and intercepts
of plots at Vps= -20V. It is interestingly observed
that positively higher threshold voltage in our
transistor, which might be attributed to the density of
bulk trap states inside the hybrid dielectric. The
silanol group can act as a bulk trap site, because the
electrons injected from gate electrode are trapped
under negative gate bias, forming the negative charge
product (5i07) [12]. The presence of the negative
traps inside the diclectrie layer would assist the hole
easily accumulated at the interface between the gate
diclectric  and  the  semiconductor,  inducing  the
positive shift of threshold voltage.
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3. Conclusions

We  have  demonstrated  the  synthesis of
organosiloxane-based gate dielectric materials. A sol-
gel  reaction  between  methyltricthoxysilane  and
tetracthylorthosilicate led to the formation of solution-
processable dielectric materials, Using this dielectric
material. high quality organic-inorganic hybrid films
exhibiting a dielectric sirength of 1.65 MV/cm and the
capacitance of 13.5 nF/em® were obtained at 190°C. It
is observed that the roughness of hybrid dielectric
formed by simple spin-coating method was 6+ * The
transistor fabricated using our hybrid dielectric and
DHAT shows behavior of saturation and linear regime
and it is considered that positively higher threshold
voltage results from the bulk trap states due to silanol

group.
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