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Fabrication and Characterization of High Mobility In,O; TFT

Yedam Lee', Hyunsoo Kim?, Hyerin Jo', Hongseok Oh'?

'Department of Physics, Soongsil University, Seoul, Korea
'Department of Intelligent Semiconductors, Soongsil University, Seoul, Korea

ABSTRACT
We report fabrication of high-mobility In,O; thin-film transistors (TFTs) and their characterization. In,O; thin

film was deposited by radio-frequency magnetron sputtering method and used as a channel layer. Electrical
characterizations revealed excellent performance of the fabricated TFTs such as high ON current, large /L
ratio, and formation of good Ohmic junctions. Uniform transconductance was observed over large range of gate
bias. Especially, transmission line method was applied for different gate overdrive bias Values to extract the
effective gate lengths of the fabricated TFTs. This analysis enables to accurately derive the field effect mobility

of the TFTs, where the maximum value was calculated to be 53.8 cm?’/Vs.
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Fig. 1. The structure of the device. (a) Schematic illustration of the device structure. (b) A photograph of the fabricated

device.
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Fig. 2. I-V characteristics of the devices with different channel lengths of 100, 150, 200, and 250 pum (from left to
right). Channel width was kept to be 450 pum. (a) Output characteristics of the devices, where drain bias was
swept from 0 to 20 V at different gate biases from 0 to 100 V with a step of 20 V. (b) Transfer character-
istics of the devices where gate bias was swept from —100 to 100 V, recorded for drain bias of 1 V (black

curves) and 10 V (red curves), respectively.
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Fig. 3. Analysis on transfer characteristics. The devices
with different channel lengths of 100, 150, 200,
and 250 pm and channel width of 450 pm are
used. (a) Linear plot of transfer curves of the
devices, measured at V=1 V. The dashed line
shows linear extrapolation to extract the thre-
shold voltage values. (b) Transconductance curves
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values, used to calculate the field effect mobility.
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Table 1. Electrical characteristics of the devices with different channel lengths

Channel length (um) Von (V) Vi (V) Lya Lin Subthreshold swing (V/dec) Field effect mobility (cm*Vs)"
100 =76 -28.9 4.8x10° 5.07 432
150 —-64 -24.1 6.4x10° 1.65 50.7
200 -40 -133 2.0x10° 1.60 46.1
250 —42 -11.5 1.6x10° 1.56 53.8

"Please note that the field effect mobility values are calculated by utilizing effective channel length L in Eq. 2.
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V4. Drain bias
Vg: Gate bias
L: Channel length
W: Channel width

C;: Capacitance per unit area

Va: Threshold voltage

Von: Turn-on voltage

Vov: Overdrive voltage, V,—Vy,

gn: Transconductance

u: Field effect mobility

AL: Diffusion length from the electrode
L.y Effective channel length

Ry: Parasitic resistance
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