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In the fabrication of transparent conductive oxide thin film transistor (TFT), an
atomic layer deposited (ALD) zinc oxide (ZnO) and a cross-linked poly-vinyl-
alcohol (c-PVA) were each used as active layer and gate insulating layer on
poly-ethylene (PET) substrate respectively. Considering the transmittance and
the deposition rate of the ALD ZnO at a low temperature without any damage on
PET substrate, the ZnO layer was deposited at a temperature of 120�C on a
spin-coated c-PVA layer. From the atomic force microscope (AFM) images, it
was possible to conclude that the surface morphologies of ZnO deposited on a
c-PVA layer was not inferior to those of ZnO deposited on bare-Si and that the
c-PVA can be used as a gate insulator at 120�C. The fabricated ZnO TFT showed
good electrical characteristics such as the mobility of 0.1 cm2=V � s, on-off current
ratio of 4.5� 104.

Keywords Atomic layer deposition; c-poly vinyl alcohol; oxide tft; PET
substrate; zinc oxide

Introduction

Recently, a lot of achievements have been obtained in the researches and develop-
ments of zinc oxide (ZnO) for the application to the devices such as various sensors,
solar cells, electronic and optical devices, and flat panel displays [1–6]. Especially,
zinc oxide has been used as an active layer of thin film transistor (TFT) because it
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has an excellent transparency in a range of wavelengths of visible rays due to its wide
band gap, higher mobility and on=off ratio than conventional hydrogenated
amorphous silicon (a-Si:H) TFT in spite of the lower process temperature [7–11].

For the application of ZnO TFT to flexible displays, it is indispensable to use
flexible substrates such as polycarbonate (PC) and poly-ethylene (PET) instead of
a glass substrate. The flexible substrates are easily degraded by heat and chemicals
during deposition and wet chemical etching used in conventional fabrication process.
For the compatibility to the flexible substrate, it is necessary to use low temperature
process such as spin-coating used in the fabrication of organic TFT (OTFT).
Poly-vinyl-alcohol (PVA) has been used as gate insulating layer of OTFT by spin
coating process because of its high dielectric constant, resistance to solvent during
lift-off process, and the effect of good surface alignment [12–14].

In this research, spin coated PVA was applied to gate insulating layer in the fab-
rication of ZnO TFT on PET substrate. ZnO layer was deposited on PVA gate insu-
lator at a low temperature by using atomic layer deposition (ALD) instead of
sputtering to avoid the damage on PVA layer during sputtering process. The fabri-
cated ALD ZnO TFT with PVA gate insulator on PET substrate was electrically
characterized.

Experimental

A bottom gated ZnO TFT was fabricated on PET substrate as shown in Figure 1
[15–16]. As a gate electrode, Al was thermally evaporated with a thickness of
100 nm through a shadow mask. Then 3% PVA solution mixed with an ammonium
dichromate was spin coated and an ultraviolet (UV) lamp was used to obtain
cross-linked PVA for better immunity to moisture. During ALD process of ZnO
active layer, diethylzinc (DEZn, Zn(C2H5)2) and deionized water (H2O) were used
as a zinc precursor and an oxygen precursor, respectively. The DEZn and H2O were
maintained at room temperature and the PET substrate was maintained at tempera-
ture enough to avoid any deformation or damages on PET substrate. The injection
times of DEZn and H2O were kept at 1 sec respectively and the Ar purging time was
kept at 6 sec for each injection. As a formation of source and drain on 50 nm ZnO
active layer, Al was deposited with a thickness of 60 nm to a through a shadow mask.
The width and the length of fabricated TFT were designed as 300 mm and 100 mm,

Figure 1. A schematic diagram of the fabricated ZnO-TFT with cross-linked PVA gate
insulator on PET substrate.
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respectively. For the electrical characterization of the fabricated ZnO TFT, a probe
station and Agilent 4156C were used in the measurement.

Results and Discussion

To optimize the deposition temperature of ALD ZnO layer, ZnO was deposited at
various substrate temperatures from 100�C to 220�C. Figure 2(a) shows the average
transmittances of the ZnO layers deposited at various temperatures from 400 nm to
800 nm of light. The ZnO layers were deposited on soda-lime glass substrates for
100 cycles and 1 cycle was composed of the injections of DEZn and H2O sources
and the purge process of Ar gas. From the results, the average transmittance

Figure 2. (a) Optical transmittance of ZnO thin film grown on by ALD at different tempera-
ture (b) Thickness of ZnO thin film of (a).
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abruptly decreases between 100�C and 120�C and slightly decreases as the substrate
temperature increases above 120�C. Considering that more ZnO molecules crystal-
lize at higher temperature, it is possible to conclude that the transmittance is related
to the thickness of the ZnO layer. Figure 2(b) shows the thickness of the ZnO layer
of Figure 2(a). As all the ZnO was deposited for 100 cycles (1400 sec), it is possible to
consider the result as the deposition rate of ALD ZnO. The deposition rate abruptly
increases from about 3 Å=cycle to 6.5 Å =cycle between 100�C and 120�C and slightly
increases as the substrate temperature increases above 120�C. Considering the trans-
mittance and the deposition rate, and the temperature (<150�C) enough to avoid any
deformation of PET substrate, ZnO was deposited on c-PVA at 120�C. However, the
ALD process was carried out for about 75 cycles to optimize the thickness of active
layer as 50 nm.

Figure 3 shows the X-ray diffraction (XRD) spectrum of ZnO layer, c-PVA, and
ZnO on c-PVA on PET substrate. From the results, a main peak at 34.4� and two
sub peaks at 32� and 36.2� were obtained for both the ZnO and the ZnO on
c-PVA layer. A main peak at 34.4� indicates the ZnO(200) peak and two sub peaks
the ZnO(100) and ZnO(101) peak at at 32� and 36.2�, respectively [17]. There were
no degradations on the structure of ZnO layer on c-PVA layer. Figure 4 shows the
surface morphologies of the ZnO layer deposited on bare substrate and the ZnO
layer on c-PVA layer. The surface roughnesses of two ZnO layers were obtained
as 0.848 nm and 0.859 nm for Figures 4(a) and 4(b), respectively. It is possible to
describe that ZnO layers are initially formed on the surface of c-PVA without any
deformation of c-PVA molecules because of low deposition temperature of 120�C.

Figure 5 shows the transfer characteristics of the fabricated TFT. When drain
voltage was 8V, the ZnO TFT showed a mobility of about 0.1 cm2=V � sec, on=off
current ratio of 4.5� 104, and a threshold voltage of 2V. Considering the process
temperature less than 120�C, the electrical characteristics are adequate for the appli-
cation to active matrix device. However, it is required to investigate the effect of

Figure 3. XRD spectrums of ZnO thin film on PET substrate, cross-linked PVA on PET
substrate, and ZnO thin film on cross-linked PVA on PET substrate. ZnO was deposited
at the substrate temperature of 120�C.
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c-PVA on PET substrate and low temperature deposited ZnO on the electrical
characteristics such as hysteresis and threshold voltage shift.

Conclusion

For the fabrication of ZnO TFT on flexible PET substrate, c-PVA gate insulator was
spin coated on the PET substrate and ZnO active layer was deposited on c-PVA
layer at low temperature enough to avoid any deformation of c-PVA layer and
PET substrate. To optimize the process condition of ZnO deposition, process
temperature was determined through the investigation of transmittance and depo-
sition rate. Through XRD results and AFM images of ZnO layer on c-PVA insu-
lator, it was possible to conclude the ALD process does not have an effect on the
c-PVA layer or on PET substrate. The fabricated ZnO TFT showed good electrical

Figure 5. Electrical characteristics of fabricated ZnO-TFT with PVA gate insulator.

Figure 4. AFM images of ZnO layer on (a) base Si and (b) cross-linked PVA.
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characteristics in spite of low temperature process. Further investigation and
analysis are needed to confirm the stability of ZnO TFT.
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