High-performance ZnO thin-film transistors
fabricated at low temperature on glass
substrates
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A high-performance enhancement-mode ZnO thin-film transistor
(TFT) on a glass substrate is demonstrated. The ZnO thin film is
deposited by RF magnetron sputtering with the presence of O, at low
deposition rate and low temperature. The Ipg is as high as 1 mA when
biased at the saturation region Vpg=10-20 V and Vgg=15 V without
any post-thermal anneal. The I,,// ¢ ratio is 3 x 10°. The results are
among the best ZnO TFTs ever obtained.

Introduction: The wide bandgap ZnO semiconductor material has
attracted much attention recently for applications in transparent circuits
and on flexible substrates for flat panel displays. The invisible transis-
tors on thin-film transistor-liquid crystal displays (TFT-LCDs) have the
advantage of a higher aperture ratio for the transmission of backlight.
Several approaches have been used to deposit ZnO thin films, including
sputtering [ 1], pulsed laser deposition [2], chemical vapour deposition
[3] and molecular beam epitaxy [4]. Most of these methods require
high temperature process during ZnO coating and contact alloy in order
to obtain better crystalline quality and contact resistance. To apply ZnO
to flat panel displays, especially on flexible substrates, low-temperature
deposition was also proposed by sputtering, spin-coating, and chemical
bath [5—7]. The device performance, depending on the process condi-
tions and material properties such as crystalline quality (and thus the
carrier mobility) in the ZnO channel, from the above approaches
typically showed an I/l ratio around 10° to 10 and 7, around 6
to 60 pA when biased at Vpgand Vg around 3040 V [6-9]. To apply
ZnO TFTs to active matrix LCDs (AMLCDs), higher operating
currents at lower bias voltages are required.

In this Letter, we demonstrate a high-performance enhancement-
mode ZnO TFT on a glass substrate. We utilised a top-gate approach to
fabricate the devices. The ZnO thin film is deposited by RF magnetron
sputtering at low deposition rate and low temperature with the presence
of O,. The Ips—Vpg curves, I/l ratio and leakage current /g are
compared before and after contact alloy. We believe the results are
among the best ZnO TFTs ever obtained.
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Fig. 1 Schematic cross-sectional view of TFT structure

Experiment: Fig. 1 schematically illustrates a top-gate-type transpar-
ent TFT device using ZnO as the active channel layer. First, a glass
substrate (Corning 1737 glass) is blanket-sputtered with a highly
transparent, n-type indium tin oxide (ITO). The ITO layer thickness is
150 nm. The ITO source and drain regions are then defined by
photolithography and wet etching (HCI:H,O, = 1:3). We then depos-
ited the 150 nm-thick ZnO channel layer by RF magnetron sputtering
in 1072 torr of Ar/O, (15:1). The purpose of oxygen gas is to
decrease the carrier density of the ZnO layer so that enhancement-
mode TFTs can be obtained. During deposition, RF power was 100 W
and the wafer holder was attached to a water running pipe to remove
the generated heat. Moreover, the deposition rate was kept at around
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5Snm/min to mitigate the particle bombardment to achieve better
polycrystalline quality. The channel width and length were 1000
and 300 um, respectively, yielding a width-to-length ratio 3.3. In
the subsequent step, a 170 nm-thick SiO,, layer was sputtered as the
gate insulator. Again, we adapted a slow deposition rate approach
(2 nm/min in this work) with 100 W RF power. Finally, the gate
electrode region was coated with a 200 nm sputtered ITO layer. All
ITO electrodes, including source, drain and gate contacts, were
sputtered using 120 W RF power with higher deposition rate
20 nm/min.

Results and discussion: The current-voltage characteristics were
measured using an Agilent 4155 C. Measurements were performed
in darkness to avoid light induced photocurrents. The /ps—Vps curves
of the ZnO TFT before contact alloy are shown in Fig. 2a. The Ipg is
1.06 mA at the bias condition Vpg=5V and Vpg=20V. Our
enhancement-mode ZnO thin-film transistor implies that the power
dissipation can be minimised when the device is normally-off, making
it suitable for applications about which power consumption is a
concern. Fig. 2b shows the transfer characteristics and gate leakage
current. The I,,/l¢ ratio, calculated from the drain current at its
maximum and minimum value, is 3 x 10° . The gate leakage current is
smaller than 3 x 10™% A with Vg less than 7 V, which is attributed to
a high-quality SiO, gate insulting layer during device fabrication.
Furthermore, the threshold voltage, determined from the (IDS)'/ 7
curve, is around 1.7 V. The low threshold voltage ensures that ZnO
TFT circuits are operated at low voltage and thus low power
consumption can be achieved.
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Fig. 2 Electrical characteristics of TFT with ZnO channel and SiO, gate
insulator before alloy
a Ips—Vps curves

b Log scale Ipg and Igg against Vg at Vpg=20V, and (IDS)]/szGS curve for
determining threshold voltage

It is observed that a high contact resistance between the source/drain
electrode and the ZnO channel layer in the triode region and an
overshoot at the onset of saturation exist in Fig. 2a. The Ips—Vps
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curves behave like a TFT device in series with a Schottky diode
component. To decrease contact resistance the sample is then subject
to a 200°C, 15min rapid thermal process in N,. The electrical
characteristics are shown in Fig. 3. The currents in the saturation
region in Fig. 3a show little change from those before alloy, indicating
that the carrier mobility in the ZnO layer is not affected by the alloy
condition. The slopes of Ips—Vpg curves in the triode region are much
more linear and the overshoot at the onset of the saturation region is
reduced for devices after alloy. We attribute the improvement of device
performance to a better contact condition between the source/drain ITO
and the ZnO layer. As for the transfer characteristics, the I,/ ratio
becomes 3 x 10* and the gate leakage current increases to 2 x 1077 A
at Vgg="7V after thermal anneal.
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Fig. 3 Electrical characteristics of TFTs subject to 200°C, 5 min rapid
thermal process in N,

a Ips—Vps curves
b Log scale Ips and Is against Vg at Vpg=20V, and (IDS)I/ 2_Vgs curve

Conclusion: We have demonstrated a high-performance enhancement-
mode ZnO TFT on a glass substrate. Before contact alloy,
the Ipg is as high as 1 mA when biased at the saturation region
Vps=10-20 Vand Vgs=5 V. The I,,/I ¢ ratio is 3 x 10°. The source
and drain contacts are improved after 200°C, 15 min alloy. The slopes
of Ips—Vps curves in the triode region are much more linear and the
overshoot at the onset of saturation region is reduced. The fabrication
steps developed and the ZnO TFT performance in this work are
suitable for AMLCD applications.
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