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Abstract

We use the experimental result of electrical response
of small-signal measurement to investigate the conduc-
tion mechanism in poly(triarylamine) (PTAA) with

triisopropylsilylethynyl-pentance (TIPS-PEN) thin films.

Binding effects between these two organic semiconduc-
tors help to form a better crystalline structure, thus
could improve device performances.

1. Introduction

Organic semiconductor raises intense attention in pro-
ducing thin film devices. These organic semiconductor ma-
terials have advantages such as an easy fabrication process,
low cost, large area electronic applications and low temper-
ature process. The organic diode is the simple structured
diode having low forward-biased voltage drop which is
suitable to be applied to fast-swapping action device, also
often used as prototypical to demonstrate a close to the
ideal behavior of a conventional diode. The electrical re-
sponse of organic thin films with small-signal measurement
of the diode structure provides a method for investigating
interface charges between organic semiconductor materials
[1]. In this work, we report on the frequency dependent
electrical response of poly(triarylamine) (PTAA) with
triisopropylsilylethynyl-pentance (TIPS-PEN) composite
thin films. We also demonstrate the structural properties of
the composite thin films using X-ray diffraction (XRD)
technique.

2. Experimental

PTAA and TIPS-PEN were used as received from
Lumtec and Osilla, respectively. PTAA and TIPS-PEN
were dispersed in chloroform in the PTAA:TIPS-PEN
weight ratios of 1:0 (PTAA-only), 10:1 (PTAA with low
TIPS-PEN) and 1:10 (PTAA with high TIPS-PEN) to gen-
erate 0.1 wt% solutions. PTAA with TIPS-PEN solutions
were soaked overnight until all solid materials were dis-
solved at a room temperature. Glass as a substrate was
soaked overnight in Decon90 and ultrasonically cleaned
with ethanol, acetone and ditilled water followed by drying
with nitrogen gas. Thin films were deposited by
spin-coating from same amount of each composite solution,
ensuring that the layers have similar thickness. The compo-
site solution was deposited using a syringe with a filter. ,
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The small-signal response of the thin films was measured
over a frequency range of 10-100 kHz using a precision
LCR meter. The bias voltage was remained at a constant
voltage (1 V) with an ac oscillating wave. All measure-
ments were recorded at the room temperature in an ambient
condition. Meanwhile, the structural properties of the
PTAA with TIPS-PEN were studied using an X-ray diffrac-
tion (XRD) spectrometer. X-ray beam was generated by a
Cu Ko, using a tube voltage of 40 kV at an electron beam
current of 30 mA. The scanning angle was increased in
steps of 0.02° over the range of 5-40°.

3. Result and Discussion

The characteristics of the ac response gave important
information on the organic semiconductor layer especially
conduction process. The conductance was obtained based
on the complex admittance equation:

Y=%=G+ja>C=G+j(27;7‘)C (1)

where Y is the admittance, Z is the impedance, G is the
conductance, @ is the angular frequency, f'is the frequency,
and C is the capacitance. Figure 1(a) shows the frequency
dependence conductance (G/w) for PTAA with and without
TIPS-PEN at three different weight ratios. These curves
were exponentially curved upward and fix-line was ob-
tained by following expression:

G=Af" 2

where 4 was coefficient and s was the critical exponent.
The behavior of the G-f curves was due to the long-range
ordering which involving a translational motion with a
sudden hopping [2]. The origin of the conductance stayed
in the relaxation phenomena. When a mobile charge carrier
hopped from origin to a new position, it remains in the state
of displacement between two molecules which forming the
hopping conductivity [3]. Meanwhile, Figure 1(b) shows
the frequency dependence capacitance (C) of the PTAA
layers with and without TIPS-PEN with two dispersions
was clearly visible. The large amount of capacitance at low
frequency was due to the contribution of the interface
charges [3]. The capacitance was started accumulative de-
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crease depend on the frequency in the low frequency region
which below 100Hz. On the other hand, at a high frequency
region (> 100 Hz), the capacitance was almost independent
of the frequency. The higher capacitance, bigger amount
charge trapped which also narrower the depletion region of
the device. As ac voltage was normally oscillating at 50Hz,
capacitance got the maximum resonance power and formed
a shape peak. However, at high frequency, the interface
charge cannot follow the ac wave and yield from the geo-
metrical capacitance value [2].
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Fig. 1 Frequency dependence of (a) conductance (G/®) and (b)
capacitance (C) measured at a constant voltage for PTAA-only
and PTAA with TIPS-PEN at constant speed (3000 rpm)
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Fig. 2 Out-of-plane XRD patterns of (a) PTAA-only, (b)

PTAA-TIPS-PEN (10:1) and PTAA-TIPS-PEN (1:10) compo-
site thin films.

Figure 2 shows the XRD shows the XRD patterns of
PTAA with and without TIPS-PEN by spin-coating on
glass substrate. PTAA-only thin film exhibits an amor-
phous layer, whereas the PTAA with a small amount of
TIPS-PEN show higher intensity peaks than those of the
PTAA-only films indicate a transition from amorphous
towards a well-organized molecular structure. As a large
amount of TIPS-PEN in PTAA film exhibits a series of
(007) diffraction peaks of TIPS-PEN. Binding effect be-
tween PTAA and TIPS-PEN molecules could contribute to
the improvement of the crystalline structures [4].

4. Conclusions

The frequency dependence of conductance and capaci-
tance of the PTAA with (different weight ratios) and with-
out (PTAA only) were presented. The frequency depend-
ence characteristics of the ac response gave important in-
formation on the organic semiconductor layer especially
conduction process. XRD patterns showed an improvement
crystalline structure of the PTAA thin film due to the bind-
ing effect between PTAA and TIPS-PEN molecules. The ac
impedance and current-voltage characteristics of these thin
films will be discussed later.
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