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The energy distribution of interface states in the Si band-gap present at ultra-thin silicon oxide/Si interfaces is ob-
tained from XPS measurements under bias. The substrate Si 2p peak for the {Pt/silicon oxide/Si) MOS structure is
shifted by the application of a bias veltage to the Si with respect to the Pt, due to the accumulation of charges in the in-
terface states in the Si band-gap. The energy distribution of interface stales can be obtained from measurements of the
bias-induced shift of the Si 2p peak as a function of the bias voltage. All the observed interface state spectra have
peaked-structure, and the number of the peaks and their energies depend on the oxide formation method. From compari-
son with theoretical calculations, the observed interface state peaks are attributed to Si dangling bonds in various envi-
ronmeats, The variation in the interface state spectra is attributed to different atomic densities of the oxide layers, The
formation of Si-CN bonds at the interface using cyanide treatment is found io decrease the interface state density mark-

edly. The cyanide treatment improves the electrical characteristics of the MOS tunneling diodes.
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Fig.2 Experimental set-up for measurements of XP§ spectra
under bias.
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Fig.3 Band diagrams of n-type semiconductor-based MOS

structure: {a) at zero bias; (b) under negative bias ap-
plied to the semiconductor with respect to the metal,
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XPS spectra in the Si 2p region for <~3 nm-Pt/
HNO; oxide/Si(111)>MOS structure: (a) at zero
bias; (b) at 0,46 V applied 10 the Si; (¢} at—6.43 V.
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Fig. 5 Plot of the energy shift of the substrate Si 2p peak for the < ~3 nm-Pt/ultra-thin oxide/Si(111)>MOS
structuze vs. the bias voltage: (a) for the HCI oxide layer; (b) for the HNO; oxide layer; (¢) for the H:80,
oxide layer.

-
joy
—

10 o
208 2o
= 0.6 = 0.
?2 0.4 E 0.
ui 0.2 w 0.2
O (vBmy Q (vBMm;

a 5 00 0 E - o Y| R S 11
Interface State Density Interface State Density Interface State Density
(1013 cm 2 ev -1y (1013 cm 2 av -1y (1073 e "2 gy -1y

Fig. 6 Energy distribution of interface states for the <

~3 nm-Pt/silicon oxide/Si(111)>MOS structure with

following oxide layers: (a) HCI oxide; (b) HNO; oxide; (¢) H.S04 oxide.



Fig. 7 Cluster model employed in the energy calculaticns of
interface states by means of a density functional the-
ory method.
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Fig. 8 Calcuiated energy levels of the gap-state: (a) for a
neutral ¢luster; (b) for an anion cluster.
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Fig. 9 Energy distribution of interface states for the<~3 nm-Pt/thermal oxide/Si(111}>MOS structure with
the oxide layer formed at the following temperatures: (2) 350°C; (b) 550°C; {c) 700°C.
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Fig. 10 Energy distribution of interface states for the<{~3 nm-Pi/silicon exide/Si(111)>>structure having an
atomically flat Si/oxide interface with the following oxide layer: (a) HCI oxide; {b) HNO; oxide; (c)

H504 oxide.
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5i-CN bonds.
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Fig. 13 Relalive energy conversion efficiency of the < FTQ/
450°C-thermal oxide/Si(100)>MOS tunnel diodes
with interfacial Si-CN bonds.
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