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Metal-semiconductor, semiconductor-semiconductor and insulator-semiconductor interfaces are basic constituent
elements of semiconductor devices. How energy bands align at these interfaces and how well carriers are controlled
through these interfaces have been important research topics of surface science as well as basic design issues for
semiconductor devices. This paper attempts to review the historical evolution of various models concerning the
alignments of energy bands and related Fermi level pinning phenomena at inorganic crystalline semiconductor

interfaces, mainly focusing on those of compound semiconductors. The topics discussed include the natural band line-
up, surface state model, charge neutrality level, interfacial model, MIGS model, UDM, DIGS model, interface bond
polarization model, IFIGS model and model solid theory. It is suggested as a result of reviewing that, by sufficiently
removing bond disorder and defects, the natural band line-ups may become realizable after all with feasibility of their
artificial modifications by polarization of interface chemical bonds. The strong Fermi level pinning at metal-

semiconductor interfaces may be removed in nano-scale structures.
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Fig.1 (color online). Starting points of interface models
(natural band line-ups) (a) for metal-semiconductor
interface and (b) for semiconductor-semiconductor
interface.
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Fig.2 (color online). Historic evolution of interface models.
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Fig.3 (color online). Schematic representations of distribu-
tions of interface state density (N(E)) vs. energy (E),
causing Fermi level pinning for (a) MIGS model, (b)
UDM and (c) DIGS model. Shaded portions show
occupied states, and unshaded portions, unoccupied
states, respectively. Downward arrows indicate Fermi
level pinning positions, when interface state densities
are high.
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Fig. 4 (color online). Horizontal alignment of calculated €(+/—) levels of
interstitial hydrogen atom in various semiconductors. Data reported in
Ref. 45 are replotted here for easier view.
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BZEDY, BIZIE, BRI poly-Si/high-k Hifgk I i T o
Tz NVIHRNE YV FIRMEE o TWD, —T,
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JH*, ALD (atomic layer deposition) HE{bMEE D R 7
VBRI EhTwa,
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