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Figure 1. The XPS spectra of (a) Hf 4f, (b) N 1s, and
(c) O 1s according to N/O flow ratio (Fyo).
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Figure 2. The HR—TEM image of HfO«Ny deposited at
N/O flow rate =1 (sample #2, Fno=1).
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Figure 3. Capacitance—voltage curves of three types
of MOS capacitors (Ru/HfON,/Ge) measured
at 100 kHz.
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Figure 4. The gate leakage current density of three
types of MOS capacitors (Ru/HfON,/Ge).
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Table 1. Key electrical property values of three types of MOS capacitors (Ru/HfOxN,/Ge).

Cace (UF/em®) EOT (nm) Ves (V) Not (10" em™) (102 cr'iliize\/fl) Le(alkgieg/f;?)lts
Frxo=0 1.92+0.016 1.80%+0.015 —0.28 5.57x0.045 1.1£0.01 5.46%0.17
Fyno=1 2.1210.021 1.63+0.016 —0.21 3.07£0.030 1.2£0.01 0.98+0.03
Fxo=2 2.01£0.018 1.72+0.015 —0.24 3.99£0.042 4.3+0.04 21.2£0.63
X107 A/em®@] gh& VERAICE Z1E]a N/O W7k 11 2GRS 1 19 HIER SHE A5 714 540l 7}
Q1 WE #20] 739 7P 22 9.84x10°° Alem” gk Hol  F $-5alA HEH S VeI 200413 N.Haraki et al.
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Figure 5. Normalized peak area according to N/O flow
ratio (FN/O).
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Improved Electrical Properties by In Situ Nitrogen Incorporation during
Atomic Layer Deposition of HfO, on Ge Substrate
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Ge is one of the attractive channel materials for the next generation high speed metal
oxide semiconductor field effect transistors (MOSFETSs) due to its higher carrier mobility
than Si. But the absence of a chemically stable thermal oxide has been the main obstacle
hindering the use of Ge channels in MOS devices. Especially, the fabrication of gate oxide
on Ge with high quality interface is essential requirement. In this study, HfOxNy thin films
were prepared by plasma-enhanced atomic layer deposition on Ge substrate. The nitrogen
was incorporated in situ during PE-ALD by using the mixture of nitrogen and oxygen plasma
as a reactant. The effects of nitrogen to oxygen gas ratio were studied focusing on the
improvements on the electrical and interface properties. When the nitrogen to oxygen gas
flow ratio was 1, we obtained good quality with 10% EOT reduction. Additional analysis
techniques including X-ray photoemission spectroscopy and high resolution transmission

electron microscopy were used for chemical and microstuctural analysis.

Keywords : Ge, HfON, gate dielectric, Atomic layer deposition, In situ nitrogen, Electrical
properties
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