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Zr-based high-permittivity (high-k) film/Ge gate stack structure with ultra thin GeO: interface
layer (IL) was fabricated by ultra-thin bi-layer (SiO2/GeQO2) passivation on Ge combined Zr/SiO2
deposition and subsequent post deposition annealing (PDA). The best value of effective oxide
thickness (EOT) was 1.1 nm. It was clarified that the interface state density (Dit) was decreased by
nitrogen ions generated during TiN metal-gate deposition. We also investigated the effect of
post-metallization annealing after Al deposition (Al-PMA). The AI-PMA was found to be very
effective for a decrease in Dit. By using effects of nitrogen ions and AlI-PMA, Al/TiN/ZrSiO/GeO2/Ge
structure with AlI-PMA at 400 °C showed EOT of 1.7 nm and Dit of 1x1011 cm-2eV-1 at around midgap.
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Fig. 1. Process flow for sample preparation.
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Fig. 2. Schematic process flow for sample preparation.

Table 1. Process conditions for SiO, and Zr

deposition.
P A Deposition
it r o, Pressure rate Temp.
(W) (sccm)  (sccm) (Pa) (nm/min) (°C)
Sio, 10 20 0 1 0.22 350
Zr 5 20 0 5 1.33 R.T.
Sio, 10 20 0.2 1 0.17 R.T.

Table 2. Treatment conditions for PDO, PDA and
PMA.

Temp. Time
cc) G2 (min)

PDO 450 0o, 10
PDA 500 N, 30
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Fig. 3. Ge 3d XPS spectra for samples with or
without PDO at 450 °C after SiO,-1L deposition.
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Fig. 4. Si 2p XPS spectra for (a) sample after SiO,-IL
deposition, (b) sample after deposition of 2 nm-Zr and
0.45 nm-SiO, and (c) sample after PDA.
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Fig. 5. TEM images of ZrSiO/GeO,/Ge samples
(a) before and (b) after PDA.
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Fig. 6. () C-V¢ and (b) J-V; characteristics for
a Ge-MOS capacitor #1.
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Fig. 7. (@) C-Vg and (b) J-V¢ characteristics for a
Ge-MOS capacitors #2 and #3.
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Fig. 9. J-V characteristic for Al/ZrSiO/GeO,/Ge
structure with AI-PMA at 350 °C.
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Fig. 10. D; distribution for Al/ZrSiO/GeO,/Ge
structure with AI-PMA at 350 °C. The Dj distribution
of 5 nm-SiO, deposited sample is shown as a reference.
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structure  with AI-PMA at 350 and 400 °C. The Dj
distribution of 5 nm-SiO, deposited sample is shown as
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