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Abstract: The organic-inorganic thin film transistors (O1TFTs) with ZnO channel layer and the cross-linked PVP (Poly-
4-vinylphenol) gate insulator were fabricated on the patterned 1TO gate/glass substrate. ZnO channel layer was deposited
by using atomic layer deposition (ALD}. In order to improve the electrical properties, O; plasma treatment onto PVP
film was introduced and investigated the effect of the plasma treatments on the electrical properties of the OITFTs. The
field effect mobility and sub-threshold slope (8S) values of the OITFT decreased slightly from 0.24 to 0.16 cm™/V's and
from 9.7 to 9.2 V/dec, respectively with increasing RF power from 30 to 50 Watt. The I ¢ ratio was about 10° for all

samples with O, plasma treatment.
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1. Introduction

The organic thin film transistors (OTFTs) have been
investigated for many years due to their good features such
as simple soluble process on the large area flexible substrate
with low cost.” Also, OTFTs have considerable attention
because of its potential applications in the flat panel displays
such as active matrix (AM) liquid crystal display and AM
organic light emitting diodes, radio frequency identification
tags and electronic bio-sensing devices, etc.”

Generally, it is established that the structure of the
organic-inorganic hybrid TF1s (OITFTs) is very similar
with the OTFTs except the channel layer materials.
Furthermore, OITFTs using inorganic semiconductor in the
channel layer can be improved the electrical properties such
as field effect mobility and switching speed compared with
the OTFTs in which the organic semiconductor is used in
the channel.” To improve the mobility and Iy ratio, it is
important to control the interface trap density by mean of
the surface characterization between organic insulator and
active channel layer.

The electrical properties of the OITFT are strongly
dependent on the film surface properties such as adhesion,
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micro-sticky, wettability and chemical reactivity caused by
mainly a molecular aggregation state of surface.* One of
the effective investigation methods on the surface properties
is the contact angle measurement and surface energy
calculation through the liquid drop profile to the surface at
the intersection of the liquid and the solid. A fow contact
angle between solid surface and liquid drop indicates that
the surface is hydrophilic and has high surface energy.

In this study, the OITFTs with ZnO channe! layer on
cross-linked PVP (Poly-4-vinylphenol) gate insulator®”
treated by O, plasma were fabricated by atomic layer
deposition {ALD) method and spin coating method on the
patterned ITO gate/glass substrate. The mobility and Ly
ratio were investigated for the prepared OITFTs through the
film  surface characteristics contact

using angle

measurement and surface morphologies.

2. Experimental

2.1. Device Fabrication

The ITO coated glass with the size of 1x1 inch square
was used as substrate, To make gate electrode, ITO
transparent gate electrode was patterned with the size of
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2.0 mmx3.3 mm by using conventional lithography etching
method. In order to remove the organic particles, the
patterned gate ITO/glass substrate was cleaned using the
SC-1 process®, which is generally used for semiconductor
wafer process, followed by an ultrasonic precision cleaning
process with acetone, isopropy! alcohol and de-ionized
water. The cross-linked PVP organic material was used as
the gate insulator.

The PVP insulator solution was prepared by dissolving
PVP powders with poly (melamine-co-formaldehyde) cross-
linking agent, and propylene glycol mono methyl ether
acetate (PGMEA) solvent. The cross-linked PVP have a
strong chemical resistance to endure the subsequent
chemical processes. The prepared PVP solution was spin
coated on the ITO gate electrode with the thickness of about
410 nm and the heat-treatment was carried out at 200°C for
30°C min in vacuum oven for the hard curing.

In order to improve the electrical properties of the
devices, O, plasma treatment was introduced onto the PVP
insulator surface. The condition of plasma treatment was 30
sccm of O, gas flow for 30 sec under the RF power of 30,
40 and 50 Watt. The dependence of RF power intensities on
the surface morphology and contact angle of the PVP film
was also investigated.

The ZnO channel layer was deposited onto the PVP
nsulator film by using ALD process. The precursor source
for ZnO was used with DEZ (Diethyl Zinc) [(C,Hs), Zn]
and de-ionized water with the oxygen reactants. The pulse
time of the DEZ and H,O precursor sources was 0.5 sec and
the total number of cycles during the deposition process was
300. A purge process using N, gas was carried out for 10
sec every cycle. The thickness of ZnO layers was about 60
nm. The ZnO channel layer was patterned by using
photolithography process. Finally, the aluminum (Al) as the
source and drain contact metal was deposited on the top of
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Fig. 1. Schematic drawings of the (a) cross-sectional and (b)
photographic top views of the OITFT device.

the ZnO channel layer using a shadow mask.

2.2. Measurements

The electrical properties such as current-voltage of the
OITFTs were investigated using an HP4145B semiconductor
measurement system and the film capacitance was measured
by RLC meter. The surface morphology and roughness of
the PVP films were examined by Digital Instruments
(Dimension 3100-IVa) atomic force microscope (AFM).
The AFM quantitative surface analysis with resolution in
the nanometer region in all three dimensions is possible. In
this experiment, the silicon cantilevers integrated tip of
125 um length, and resonant of 300 kHz were used for
tapping mode image. The contact angle was measured by the
Girifalco-Good-Fowkes-Young method with Tensiometer
(Kruss Co) contact angle measurement system with D.IL
water as the drop method.

3. Results and discussion

The OITFT devices were fabricated with inverted
staggered structure as shown Figure 1. The performance
dimension of the channel layer was 1600 um in the width
(W) and 200 um in the length (L) with 8 of W/L ratio.
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Fig. 2. AFM images (top) and contact angles (bottom) of the PVP insulator films (a) without and with O, plasma treatment at (b) 30 (c)

40 and (d) 50 Watt in RF power.
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Fig. 3. Plots of the (a) drain current versus drain voltage (Ip-Vp) output curves at gate voltage (Vg) = 30 V and (b) transfer curves of
drain current versus gate voltage (In-V) at drain voltage (Vi) = 30 V for the OITFT without and with O, plasma treatment of

PVP at various RF powers.

Figure 2 shows the AFM images and contact angle of the
PVP insulator films after O, plasma treatment at the RF
power of 30, 40 and 50 Watt. Root-mean-square (RMS)
values increased slightly from 0.30 to 0.41 nm as the RF
power increased from 30 to 50 Watt, showing the rough
PVP film surface at higher RF power. We expect that the
surface roughness may affect the carrier mobility and
switching speed at the channel layer of the device.
Therefore, the electrical properties of OITFTs were
investigated according to the surface state of the PVP films
at various RF power.

The contact angle of PVP film without plasma treatment
was found to be about 66.9° (degree). After O, plasma
treatment of the PVP film surface at 30 Watt RF power, the
contact angle was decreased below 51.4°. The contact angle
decreased down to 47.5° at the highest RF power of 50
Watt. In addition, the surface energy, ysy of the PVP film
was calculated with contact angle (0) by following equation

(D).

_ Yol + cos8)’

’YV
> 47’

(1
where, ysv is the surface free energy of the solid and the
vapor, and yry is the surface tension of the liquid and the
vapor, respectively.”'” The calculated surface energy of the
PVP film was 28.46 mN/m for the OITFT without O, plasma
treatment. Whereas, the surface energy of OITFT with
plasma treatment increased from 45.35 to 49.16 mN/m as the
RF power increased from 30 to 50 Watt (refer to table 1).
As a result, we found that the PVP film surface can be
changed to be more hydrophilic condition with increasing
the RF power.""'? These results are important to control the
surface characteristics of micro-sticky and interface defects
between the PVP insulator and ZnO channel layers because

Zn0 inorganic material shows hydrophilic state. In general,
the mismatch of the surface state such as hydrophilic and
hydrophobic between interfaces may bring about the
interface defects, which result in the carrier trap problem at
the interface.

For the investigation of the co-relationship between the
surface states (contact angle and surface energy) and the
electrical properties of the OITFT at various RF powers, the
current values of the prepared OITFT samples as a function
of the input voltages were measured and compared.

The electrical properties such as the leakage current and
capacitance of the cross-linked PVP gate insulator were
investigated from the AI/PVP/ITO/glass (metal-insulator-
metal) structure. The cross-linked PVP film thicknesses was
measured to be 410 nm, in which the leakage current and
capacitance values were 2.8x10"° A and 9.1x10™ F,
respectively. The capacitance per unit area was calculated to
be 7.28x10° F/em® by dividing the electrode area (A =
0.126 cm?).

Figure 3 shows (a) the drain current versus drain voltage
(Ip-Vp) curves at 30 V in gate voltage (Vi) and (b) transfer
curves of the drain current versus gate voltage (Ip-Vg) at 30
V in drain voltage (Vp) of the OITFTs without and with
plasma treatment of PVP films at 30, 40 and 50 Watt in RF
power.

From the Ip-Vp output curves at gate voltage (Vg) =30V
in Figure 3 (a), the OITFT without plasma treatment of PVP
showed that the saturation current and field effect mobility
(w) were found to be only about 0.75 uA and 0.03 cm?/Vs.
These low values of saturation current and p may be
attributed mainly to the interface carrier trap between PVP
film and ZnO channel layer due to the mismatch of the
surface state. The maximum saturation current and p were
found to be about 3.3 uA and 0.24 cm?/Vs, respectively,
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Table 1. Electrical and surface characteristics of the OITFTs without and with O, plasma treatment of PVP films at various RF powers.

VP Surfce Trement O A et (0 (Subitweshod Siop
without O, plasma 0.41 66.9 28.46 0.03 ~10 3.0 16

0, plasma at 30 Watt 0.30 51.4 4535 0.24 ~10° 9.2 9.7

O, plasma at 40 Watt 0.40 49.1 47.58 0.19 ~103 6.8 9.6

O, plasma at 50 Watt 0.41 47.5 49.16 0.16 ~10° 4.1 9.2

when the PVP film was plasma-treated at 30 Watt RF
power. As studied in advance, O, plasma treatment caused
PVP surface to be more hydrophilic, and may improve the
electrical properties by reducing the interface defect with
Zn0O film layer. In particular, the saturation current and
decreased from about 3.3 to 2.2 A and from 0.24 to 0.16
cm?/V's, respectively, as the RF power increased from 30 to
50 Watt. The saturation current and py were decreased in
spite of more hydrophilic state at higher RF power of 50
Watt. We suggests that this result may be originated from
the etching effect by O, plasma treatment.'*'¥ O, plasma
treatment causes the thickness of PVP film to reduce by
etching process, which leads to lower p due to the high
capacitance. The field effect mobility (i) was calculated by
equation (2) at Vg = 30 V.

_ WpCopyp

I 2L

Vo= Vo)’ @

Where, Ip is the drain current, p is the field effect
mobility, Vg is the gate voltage, Vr is the threshold voltage
of the OITFT, and Cpyp is the capacitance per unit area of
the PVP gate insulator.

From the transfer curve in figure 3 (b), the slope of the Ip-
V¢ output curve showed more steep with increasing the RF
power from 30 to 50 Watt. The I,y ratio for OITFT
without plasma treatment was found to be about 10, and
increased to 10” for the OITFTs with O, plasma treatment of
PVP film. In addition, the V and sub-threshold slope (SS)
values of the OITFT were decreased from 9.2 to 4.1 V and
from 9.7 to 9.2 V/dec, respectively with increasing RF
power. These results may be strongly related to the lower
contact angle and higher surface energy, suggesting more
hydrophilic surface state of the PVP insulator film as
described in figure 2." That is, after O, plasma treatment of
PVP film, the surface states for both the ZnO and PVP films
seems to be changed into hydrophilic surface state.

The electrical and surface characteristics (L, Loy ratio,
Vi, SS values, RMS values, contact angle, and surface
energy) of the OITFTs with and without O, plasma
treatment of PVP film are summarized in table 1.

rhelZR AR} 1 7)1 8135 A 168 A2E (2009)

4. Conclusions

The OITFTs with ZnO channel layer deposited on the
cross-linked PVP gate insulator were fabricated on the
patterned ITO gate/glass substrate. The dependence of O,
plasma treatment of PVP insulator film on the electrical and
surface properties of OITFTs was investigated.

The electrical properties of OITFTs depend strongly upon
the O, plasma treatment of PVP film. The field effect
mobility (u) and Ly ratio of the OITFT without plasma
treatment was found to be about 0.03 cm%V-s and ~10,
respectively. In order to improve the electrical properties, O,
plasma treatment was introduced onto the PVP insulator
film. The saturation current and p were decreased from
about 3.3 to 2.2 pA and from 0.24 to 0.16 cm*/V's as the
RF power increased from 30 to 50 Watt. On the other hand,
the slope of the In-Vg output curves showed more steeper
with increasing the RF power. This may be ascribed to the
matching of the hydrophilic surface state for both ZnO and
PVP film layers after O, plasma treatment. For the OITFT
deposited on PVP insulator film treated by O, plasma at 30
Watt, the p and I,y ratio were about 0.24 em?/V-s and
~10°, respectively. The interface matching between PVP
film and ZnO channel leads to improve the electrical
properties of OITFTs. Whereas, the etching effect of O,
plasma treatment at higher RF power caused to lower u.
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