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Abstract

Thin-film transistors (TFTs) with active channel layers of zinc oxide (ZnO) using a low-temperature chemical bath deposition have been
studied. The ZnO films were fabricated on the defined-areas of bottom-gate type TFTs plate by immersing in a chemical bath containing zinc
nitrate (Zn(NOs),.6H,0) and dimethylamineborane (DMAB) aqueous solution at 60 °C. Silicon oxide (SiO,) was used as the gate insulator.
Produced TFTs plate was dried in the air at 100 °C, specially, without any further annealing. Current—voltage (I-V) properties measured
through the gate infer that the ZnO channel is n-type. Devices were achieved that /,,/Io ratio was more than 10°, for which the channel

mobility on the order of 0.248 cm® V™' s™! has been determined.

© 2005 Elsevier B.V. All rights reserved.
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1. Introduction

Zinc oxide (ZnO), a transparent film, is very popularly
used due to its unique optical and electronic properties in
solar cells [1], photo detectors [2], light emitting devices [3],
gas sensor elements [4], and surface acoustic wave guides
[5]. Also, ZnO films have recently been studied as the active
channel material in thin-film transistors development
because of its exhibiting n-type semiconductive character-
istic with wide band gap of 3.3 eV, excellent chemical and
thermal stability, and can be well-oriented crystalline on
various substrate [6—8]. Especially, the Hall effect mobility
measured at room temperature for single crystals is on order
of 200 cm® V™' s~ [9].

Several methods are applied to prepare ZnO films, both
physical and chemical deposition technologies including
sputtering [10], pulsed laser deposition [11], chemical vapor
deposition (CVD) [12], molecular beam epitaxy [13], and
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sol—gel process [14] etc. However, most of the methods
were not well suited for large area coating, low-temperature
processing, and low process cost. So far, the abovemen-
tioned methods could not be used for ZnO crystal
fabrication below 150 °C. Again, the equipment is
expensive for large area process. Therefore, chemical bath
deposition (CBD) has been an attractive technology which
is simple and low cost for thin-film fabrication. There are
many previous articles discussing the ZnO films using
electroless deposition in solution bath and indicating the
feasibility of low temperature [15—19]. Preparation of oxide
film in a chemical solution bath presents several advantages:
(i) films can be obtained on substrates at low temperature,
below 100 °C, (ii) the thickness and morphology of film can
be controlled by deposition parameters, (iii) the equipment
is relatively cheap, and (iv) the technique is more environ-
mentally friendly. These supply the technique compatibility
for the low-cost process and good quality.

In the present article, we decided the patterning method
of ZnO film and performed the bottom-gate type TFT
device with a patterned active channel ZnO film on that
used CBD method. Also, the properties of films and
characteristics of ZnO-TFT were studied.
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2. Experimental details
2.1. Film deposition procedure

The TFTs had a simple bottom-gate device configuration
on a Corning 1737 glass substrate (Fig. 1. insert), where
underlying ITO, 100 nm thick, was used as the gate
electrode, selecting a silicon oxide (SiO,) film for the gate
dielectric with thickness of 300 nm, and ITO film thickness
of 100 nm as the source and drain electrodes. The TFT was
defined as a channel width =500 um and channel length
L=10 pm. The active channel region was fabricated using
standard lithography process. First, the photo resist was
coated and developed to pattern the active channel region.
Then the ZnO film was following processed by CBD
technique. Last, the photo resist was stripped and the TFT
was yield (the cross-sectional and top view of the ZnO-based
thin-film transistor was showed on Fig. 1(a), (b)).

CBD was carried out in a beaker with a soak aqueous
solution containing 0.1 mol/L zinc nitrate and 0.03 mol/L
dimethylamineborane placed upon a heater—stirrer during
the growth process at temperatures 60 °C. Prior to
deposition, the glass substrate was activated by an indus-
trially employed two-step Pd/Sn process using sensitizer
(SnCl,, 1 g/L; 32% HCI, 1 ml/L) and activator (PdCl,, 0.1
g/L; 32% HCI, 0.1 mol/L) [20,21], then immersed the
substrate in the soak solution for 30 min. The thickness of
the ZnO film could be controlled by tuning the soak
concentration or immersing time. Finally, the substrate was
rinsed with DI water and dried with nitrogen gas then baked
on hot-plate at 100 °C for 5 min.

2.2. Characterization techniques

The deposited crystal structure was identified by X-ray
diffractometry (XRD) (Mac Science M18XHF-SRA) using
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Fig. 1. Schematic (a) cross-sectional and (b) top view of the ZnO-based
thin-film transistor.
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Fig. 2. X-ray diffraction spectrum of the ZnO thin film on SiO, surface
prepared by the CBD.

a conventional 20 scans over a range from 15° to 80°
operated at 50 kV and 200 mA, the morphology was
characterized by scanning electron microscopy (SEM; LEO
1530). The transistors were analyzed with an Agilent
4155B semiconductor parameter analyzer. The samples
were measured in the dark.

3. Results and discussions

The crystallographic structure of the films has been
studied by X-ray diffraction. Fig. 2 shows the XRD
spectrum of ZnO film which was deposited on the SiO,
surface of a TFT device by soaking in the aqueous
solution with 0.1 mol/L zinc nitrate and 0.03 mol/L
DMAB. The diffraction peaks (100), (002), and (101)
indicate that the produced ZnO crystals are wurtzite
structure, and the morphologies consist of hexagonal
column. In addition, mainly peak (002) indicates prefer-
ential c-orientation of the crystals [22], in other words,
that grains are mainly grown with c-axis vertical to the
substrate. Moreover, from the recorded spectrums (Fig. 2),
the minor diffraction peaks of (102), (110), (103),
and (112) are approved of randomly oriented of the
ZnO film [23]. The regular direction growth can be
explained as follows: for the electroless deposition, the
crystalline morphology was led by nucleation and growth
conditions. The primary crystal growth of ZnO could be
enhanced by means of SnCl,/PdCl, two-step surface
pretreatment. According to the present paper of M.
Charbonnier and M. Romand [24], proposed Sn (+2)
ions adsorb on oxygenated groups of substrate through
the formation of Sn—O covalent bonds using SnCl,
solutions, i.e., through the sharing of their valence
electrons. Then Pd"? ions attach on tin species via
chemical adsorption. The primary ZnO crystallite would
grow on the Pd catalyst sites by means of heterogeneous
nucleation [3].
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Fig. 3. SEM images of ZnO film deposited at 60 °C from 0.1 mol/L zinc
nitrate and 0.03 mol/L dimethylamineborane solution. (a) Cross-sectional
morphology, (b) plane-view morphology.

Fig. 3(a) and (b) show the image of local ZnO film on
TFT device by SEM, which are, respectively, cross-sec-
tional and plane-view morphology. Hexagonal rods are
observed which correspond to the basal plane of the
hexagons (Fig. 3(a)). The ZnO film is formed of regular
arrangement and compact amassment rods vertical to the
substrate and the mean thickness is 400 nm. As Fig. 3(b)
shows, the crystals are closely packed, however, the
composition of columns have clear and dull interface at
the same time. We define the grains which are formed with
many small columns and possess clear interface with each
other. The grain size is from several tens to 200 nm. For
TFT application, the active channel layer with larger grain
size and less grain boundary can conduce to the electron
mobility.

Fig. 4(a) and (b) show the electrical characteristics of
the ZnO-TFT in which the active channel layer ZnO was
fabricated by CBD method without any annealing.
Current—voltage (I-V) properties measured through the
gate infer that the ZnO channel is n-type. Because some
drain current can still be measured at 0 V of gate voltage

(inset Fig. 4(a)), the device is a depletion-mode TFT. As
shown in Fig. 4(b), the I4—V, curve, there is current
leakage in the beginning due to the electrons trap at the
grain boundaries that fill as the gate is charged. Again, the
electric field will induce the breakdown too. While the
traps filled out gradually, the /4 decreased. With the gate
voltage increasing, the TFT device will induce channel
then current increase. The phenomenon also appeared in
TFT of other semiconductor materials and details were
discussed [25-28].

The 1,,/1 ¢ ratio was measured higher than 10°. The field
effect mobility (upg) and threshold voltage (V'th) could be
calculated by fitting the constant slope line to the plots of
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Fig. 4. Electrical characteristics of the ZnO-TFT which the active channel
layer ZnO was fabricated by CBD method. (a) /4—Vy4 curve, (b) 14—V,
curve.
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the square root of drain current vs. gate voltage. The drain
current in the saturated regions is calculated by the
following equation,

[dsat - :uFEsat ( W/zl‘) CI (Vgs - Vth) ?

where W and L are the channel width and length
respectively, Cy is the capacitance per unit area of gate
insulator. The saturated regions mobility (Upgsa) Was
calculated of 0.248 cm? V= ' s~ 1.

4. Conclusion

A ZnO film using active channel layer of ZnO-TFT was
fabricated by CBD in a aqueous solution containing zinc
nitrate (Zn(NO3),.6H,0) and dimethylamineborane
(DMAB) aqueous solution at 60 °C. The grains of the
ZnO films are mainly grown with c-axis vertical to the
substrate due to high participate of (002), also the ZnO
crystals are hexagons (wurtzite structure). According to the
present study, the TFT device was successful made, it was
depletion-mode and the 7./l ¢ ratio achieved was more
than 10°, the channel mobility on the order of 0.248 cm?
V™! 57! had been determined.
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