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In this study, we investigate the material potential of HfNx Ffilms as a gate
material as well as a metal gate for germanium metal-insulator-semiconductor (Ge-MIS) structure. We
demonstrate the capabilities of reactive DC magnetron sputtering to control the electrical behavior of
HfNx films from metal (~349uQ cm) to insulator only by changing nitrogen flow rate. To investigate the
electrical properties of all nitride Ge gate stacks, we fabricate Ge MIS structures straightforwardly by
sequential deposition of insulator-HfNx and metal-HfNx on Ge substrate. It is found that insulating HfNx
film shows a high-k value of 15~20 with the bandgap of 2.9 eV and the insulator-HfNx/Ge interface shows
an excellent interface quality with low interface trap of 4E12cm-2eV-1. We therefore address that
insulating and metallic HfNx films have a high potential as gate insulator and metal in non-oxide Ge MIS
structures.
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Fig.1 Influence of the N, flow ratio on the
resistivity of metallic HfN films
deposited on Si0,(600nm)/Si substrate.
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Fig.2 Absorption coefficient for HFN,
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Fig.3 TEM of the
Metal-HfN/Insulator-HfN,/p-Ge MIS
structure, x 205,000, x 2,050,000,

respectively.
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Fig.4 EELS line profile of the Nitrogen

compositions of the
Metal -HfN/Insulator-HfN,/p-Ge MIS
structure.
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Fig.5 Bidirectional C-V curves of Metal
HfN /Insulator HfN,/p-Ge MIS structure
with PMA from as-depo to 500 . (1MHz)
Insulating HfN, films (Ar/N,=50/50) shows
€ of around 20.
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Fig.6 1,-V, characteristics of Metal HfN
/Insulator HfN,/p-Ge MIS structure with

PMA 300 and 500 (Ar/N,=50/50)
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Fig.7 Energy distribution of D,;, for
HfNx/p-Ge interface.
The D;, values were
Conductance method.
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