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Less than a decade ago, InGaZnO has been reported as a new Amorphous Oxide Semiconductor
(AQS) channel material replacing conventional amorphous silicon (a-Si:H) for application in thin-
film transistor (TFT) circuits in display back panels [1]. Among these, indium zinc oxide (IZO) is
emerging as the most promising AOS candidate for next-generation displays based on oxide
TFTs because it combines a very high electron mobility with excellent optical transmission and
thermal stability [2,3].

We have grown InZnO thin films by plasma-enhanced spatial atomic layer deposition (s-ALD)
[4,5] and these layers have been manufactured into oxide TFT and ring oscillator devices which
outperform the state-of-the-art. We will describe the growth of InZnO at atmospheric pressure
and high deposition rates (~ nm/sec) starting with a short explanation of the basics and the
advantages of this novel deposition technique including the use of a special atmospheric
microplasma source design of the so-called Surface Dielectric Barrier Discharge (SDBD) type [6].
Next, we will show that by varying the ratio of the trimethyl indium and diethyl zinc chemical
precursor vapors, the In/(In+Zn) ratio of the film can be accurately tuned over the entire
composition range from zinc oxide to indium oxide. TFT test devices with an In/Zn ratio of 2:1
show very high field-effect mobility exceeding 30 cm?/V.s (Fig. 1), excellent thermal (Fig. 2) and
bias stress stability. We will further demonstrate the scalability of the 1ZO TFTs by fabricating 19-
stage ring oscillators operating at 200 kHz which outperform the state-of-the-art.

This superior electrical performance, in combination with the intrinsic advantages of spatial ALD
demonstrate the great potential of this atmospheric plasma concept for application in
commercial manufacturing of low-cost and large-area AOS-based electronics.
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a)- b)

Figure 1: TEM cross-section and elemental composition images of 1ZO a) as-deposited, b) after
annealing at 450 °C for 1 hour.
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Figure 2. a) /4-Vy transfer characteristics of 360 TFTs with 15 nm s-ALD grown IZO as active
channel. The TFT architecture and the Vo, histogram are shown in the insets. Transistor
dimensions were 60 um/ 20 um (W/L) and double sweeps were recorded at 1 V source-drain
bias.

b) Linear mobility of a typical TFT as a function of gate bias (o). The dotted blue line represents
the corresponding transfer curve. The inset shows a histogram of the mobility of 360 TFTs
spread across the 150-mm substrate. The solid red line is a kernel density estimate.



