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Fig. 1. The measurement setup for low frequency noise in the IZO TFTs.
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Fig. 2. (color online) Cross section view of IZO TFTs.
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Fig. 3. (color online) Transfer characteristics in the
1Z0 TFT.
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Fig. 4. (color online) Output characteristics in the IZO

TFT.
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Fig. 5. Extraction of surface potential in the IZO TFT.
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Fig. 6. (color online) Drain current noise power spec-
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Fig. 7. (color online) Normalized drain current noise
power spectral densities (Sip/I3) versus overdrive
voltage (Vgs — Vin) in the IZO TFT.
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tral densities (Sip/I3) versus drain current in the IZO
TFT.
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Fig. 9. Distribution of tail states in the band-gap of
1Z0 TFT.
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Fig. 10. (color online) Measured muti-frequency C-V
characteristics in the IZO TFT.
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Fig. 11. (color online) Extracted parasitic resistance

versus measurement frequency.
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Fig. 12. Extracted total resistance in the 1ZO TFT

with varied overdrive voltage.
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Abstract

Density of localized states (DOS) over the band-gap determines the electrical and instability characteristics in the
indium zinc oxide thin film transistor (IZO TFT). In order to propose an accurate extraction method for DOS in the
bulk region, low frequency noise and multi-frequency capacitance voltage characteristics are measured and analyzed in
this paper. Firstly, the relationship between surface potential and gate voltage is extracted based on subthreshold I-V
characteristics. The extraction results show that the surface potential increases with the increase of gate voltage in the
sub-threshold region. When the Fermi level is close to the bottom of conduction band, the increase of surface potential
should be saturated. Secondly, drain current noise power spectral densities in the IZO TFTs under different operation
modes are measured. Based on carrier number fluctuation mechanism, the flat-band voltage noise power spectral density
is extracted and localized state near 1Z0/SiO2 interface is then calculated. By considering the emission and trapping
processes of carriers between localized states, the distribution of bulk trap density in the band-gap is extracted based
on low frequency noise measurement results. The experimental results show an exponential tail state distribution in
the band-gap while Nrj is about 3.42 x 10%° ecm™3-eV~! and Tra is about 135 K. Subsequently, contact resistances
are then extracted by combining capacitance-voltage characteristics with I-V characteristics in the linear region. The
extrinsic parasitic resistances at gate, source, drain are separated. By considering charges trapped in the localized states
and free carriers, the distributions of deep states and tail states in the active layer of IZO TFT are extracted through
multi-frequency capacitance-voltage characteristics. The experimental results also show an exponential deep state and
tail state distribution in the band-gap while Npa is about 5.4 X 10%° Cm_3~eV_1, Toa is about 711 K, Nt is about
1.99%x10%° ecm3-eV ™!, and Trrp is about 183 K. The above two proposed extraction methods are compared and analyzed.
The deviation between two extraction results may relate to the existence of neutral trap in the gate dielectric which is

also an important source of low frequency noise in the IZO TFT.

Keywords: thin film transistor, multi-frequency capacitance-voltage, low frequency noise, density of

localized state
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