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Dry Etching Characteristics of HfAIO; Thin Films using Inductively Coupled Plasma
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Abstract : The etch characteristics of the HfAIO; thin films and selectivity of HfAlO; to SiO; in Cl/BClyAr plasma were
investigated in this work. The maximum etch rate was 108.7 nm/min and selectivity of HfAIO; to Si0; was 111 at
- Cly(3scem)/BCls(4scem)/Ar(16scem), RF power of 500 W, DC-bias voltage of - 100 V, process pressure of 1 Pa and substrate
temperature of 40 C. As increasing RF power and DC-bias voltage, etch rates of the HfAIO; thin films increased. Whereas as
decreasing of the process pressure, those of the HfAIO; thin films were increased. The chemical reaction on the surface of the
etched the HfAIO; thin films was investigated with X-ray photoelectron spectroscopy (XPS).
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Metal-oxide-semiconductor field effect transistor (MOSFET) device scaling to smaller physical dimensions has led to continuous
improvement in device performance. The continuous reduction in MOSFET dimensions requires simultaneous reduction in the
thickness of the gate insulator SiO; [1]. As dimensions shrink, the gate insulator becomes so thin that charge tunneling result in
leakage current [2]. One solution to the problem is the replacement of SiO, by high-k materials such as HfO,, ALO;, and ZrO..
Although these materials have been identified as potential replacement SiO, due to high dielectric constant, no single material exists
that surpasses the originally SiO; in all material property such as thermodynamic stability, recrystallization temperature, and band
gap. One solution for the alloyed complex oxide gate dielectric material is employed. For example, the addition of Al in HfO; to
form a HfAIO; has been shown to increase the recrystallization temperature to above 800 T and the band gap to 6.5 eV as well as
improve the thermodynamic stability.

In this study, the HfAIO; thin films were etched in ClyBCly/Ar inductively coupled plasma (ICP) by varying the gas mixing
ratio, DC-bias voltage, RF power, and process pressure. The chemical reaction on the surface of the etched the HfA1O; thin films
was investigated with X-ray photoelectron spectroscopy (XPS).
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In this study, using ICP, the etching trend of the HfAIO; thin films was investigated as functions of ClyBClyAr gas
mixingratio, a RFpower, a DC-bias voltage and a process pressure. The maximum etch rate of the HfAIO; thin films was 108.7
nm/min and the selectivity of HfAlO; to SiO; was 1.11 at Ch(3ccm)/BCli(4scem)/Ar(16scem), RF power of 500 W, DC-bias voltage
of - 100 -V, process pressure of 1 Pa and substrate temperature of 40 °C. This result can be influenced on the concurrence of
chemical and physical pathways in the ion assisted chemical etching for the HfAIO; thin films. The surface analysis by XPS showed
the chemical reactions effect on surface of HfAIO; was changed by addition of Cl, to BCli/Ar plasma.

_ &0 28
[11 A. L Kingon, J. 1. Maria, S. K. Streiffer, Nature. Vol. 406, p. 1032, 2000.
[2] G. D. Wilk, E. M. Wallace, J. M. Anthony, Appl. Phys. Vol. 89, p. 5243, 2001.

t DAHT) 2AEY e-mail: cikim@cau.ackr, Tel:02-820-5334
Fh ASA-SEP EMAE SAUED, M) |28

- 382 -



