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A Study on the Properties of NiSi/High-K Film

Student : Meng-Ham Lin Advisor : Bing-Yue Tsui
Department of Electronics Engineering
Institute of Electronics

National Chiao Tung University

ABSTRACT

The characteristics of NiSi FUSI gate/high dielectric constant
dielectric gate stack were investigated. Four kinds of high dielectric
constant (high-K) materials vincliding HfO,, HfAIO(Hf:AI=9:1),
HfAIO(Hf:Al=7:3), and Al,O3; were studied:. The physical characteristics
of these films were analyzed by X-ray Photoelectron Spectroscopy (XPS),
X-ray diffraction (XRD), and Transmission Electron Microscopy (TEM).
The electrical characteristics of high-K'films such as hysteresis, effective
dielectric constant, leakage current, breakdown field, as well as carrier
transport mechanism were studied by measuring MOS capacitors.

The role of Hf/Al ratios in the high-K films determines the k-value,
interfacial layer growth, crystallization temperature and leakage
conductions. Material analysis show that crystallization temperature of
HfO,, HfAIO(Hf:Al=9:1), HfAIO(Hf:Al=7:3) and AL,O; are 500, 700,
900 and over 1000 'C, respectively. The crystalline phase of HfO, is only
formed in the HfAIO films. The incorporation of Al into HfO, thin films
would suppress the crystallization of HfAIO films during high
temperature annealing.

After 600°C annealing, the capacitance equivalent thickness (CET)
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of HfO, increases due to the growth of SiO,-like interfacial layer. The
growth of interfacial layer appears at 800C annealing for
HfAIO(Hf:AlI=9:1). The HfAIO(Hf:Al=7:3) and Al,O; film have better
thermal stability under high temperature post-deposition anneal (PDA).
The CET of HfAIO(Hf:Al=7:3) decrease after 900 C PDA due to the
increase of dielectric constant caused by the formation of higher k-value
HfO, phase.

After 500 C anneal, the leakage current of HfO, film increase owing
to the crystallization. The growth of interfacial layer suppresses leakage
current at 600 C PDA. Similarly, the leakage current of HFAIO(Hf:Al=9:1)
samples increase due to the crystallization and then decrease due to the
interfacial layer growth. On the contrary, after high temperature PDA,
HfAIO(Hf:Al=7:3) and Al,Q3 samples.-almost have an constant leakage
current and no interfacial layer growth.

The breakdown field: of tHfO,—-and HfAIO(Hf:Al=9:1) decreases
above the temperature of crystallization, it may be resulted from the
crystallization of high-K films. The crystallization of high-K film will
create a lot of defects and broken bonds located in grain boundary. The
more Al content in HfAIO film improves the quality and increases

breakdown field.
In summary, HfAIO is an attractive candidate for next generation gate
dielectric material because of its better thermal stability and acceptable

electrical properties compared with HfO,.
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