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Amorphous oxide semiconductors (AOSs) have recently attracted much attention both from academia and industries because AOSs produce large mobility thin-film transistors (TFTs) (> 10 cm2/Vs) even at room temperature without any defect passivation treatment [1]. Therefore, several industries have developed prototype displays including color e-papers [2] and organic light-emitting diode displays [3]. In this review, we will focus on fundamental materials science of AOSs in comparison with amorphous silicon (a-Si:H). The following issues will be discussed especially on a representative AOS, InGaZnO4 (a-IGZO).

(i) Conduction band (CB) tail states examined by TFT simulations and capacitance-voltage measurements show that the density of states (DOS) in the tail states are 2 – 3 orders of magnitude less than that of a-Si:H, but the tail width a bit larger.

(ii) As-deposited film of a-IGZO has a Gaussian-type DOS at ~ 0.2 eV below the CB minimum (CBM), but it disappears after thermal annealing.

(iii) Carrier transport simulations based on percolation model and Boltzmann’s equation tell:  the donor levels are 0.1 – 0.2 eV below the CBM, and distributed potential barriers in CB control the carrier transport and causes percolation conduction.

(iv) Large DOSs exist above valence band maximums (VBMs) in a-IGZO and it is thought to be the reason why p-channel inversion operation has yet been achieved in a-IGZO TFTs.

(v) An oxygen vacancy can be both a deep trap and a shallow donor depending on a local atomic configuration. While, hydrogen always works as a donor.
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