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Fig. 1. Schematic diagram of the InGaAs MOS device structure.
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Fig. 2. Modeled interface state density comprising exponen-
tial Dy(E) profile and discrete N levels, compared with re-
ported Dy (E) ranges in Refs. [15-17].
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Table 1. Key physical parameters of discrete inter-

face defect states.

BRI BEREHE, BRIV TR Ny om

Jite 32 78 Hratd 0 1.5x1012
Ml 0.8 2x10M
P fral 0.83 2x101
Hror 0.85 2x 101
CiKis 0.87 1.5x 10"

2 FRBONSAE RIS I OGS BB AL
Table 2. Key physical parameters of exponential

interface defect states.
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Fig. 3. Comparison of experimental and simulated C-V curves with and without interface defect states at different frequencies:

(a) 100 Hz; (b) 1 MHz.
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Fig. 4. Effect of discrete donor-type interface defect states at the valence band edge (E; = E,) on the C-V characteristics at 100 Hz
and the corresponding band responses: (a) C-V curves for different areal densities NN, of discrete donor-type interface defect states;

(b)—~(d) band diagrams and energy distributions of interface defect states at V, = -0.64 V, ~1.28 V, and 2.0 V, respectively.
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Fig. 7. Spatial distributions of electron density and interface-trapped negative charge at 100 Hz for different discrete acceptor-type
interface defect state areal densities N, (from left to right, Ny = 2x10', 1x10'%, and 5x10'2 cm2): (a), (b) Electron density distri-

butions at V, = 0.88 V and 2.0 V, respectively; (c), (d) areal density of trapped negative charge at the interface at V, = 0.88 V and

2.0 V, respectively.
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Fig. 10. Spatial distributions of hole density and interface-trapped positive charge at 100 Hz for exponential interface donor-type
defect states with peak densities N, (from left to right, Ny = 5x10'2, 1x10'3, and 2x10" eV -cm 2): (a), (b) Hole density distribu-
tions at V, = -0.64 V and 2.0 V, respectively; (c), (d) areal density of trapped positive charge at the interface at V, = -0.64 V and

—2.0 V, respectively.
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Fig. 11. Frequency-dependent C-V characteristics and corresponding band responses for exponential interface acceptor-type defect
states with peak densities Ny: (a) C-V curves at 100 Hz for different Ny; (b), (c) band diagrams and energy distributions of inter-
face defect states at 100 Hz with V, = 0.4 V and 0.56 V, respectively; (d) C-V at 1 MHz for different Ny; (e), (f) band diagrams and
energy distributions of interface defect states at 1 MHz with V, = 0.24 V and 0.56 V, respectively.
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Fig. 12. Spatial distributions of electron density and interface-trapped negative charge at 100 Hz for exponential interface acceptor-
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0.24 V and 1.04 V, respectively.
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SPECIAL TOPIC—2D materials and future information devices

Modulation mechanisms of capacitance-voltage characteristics
by interface defect states in Al;03/Y,03/Ing 53Gag 47AS
MOS structures’
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Abstract

The effects of interface defect states with different distribution forms on the C-V characteristics and
interface charge modulation behavior of Al,03/Y,03/Ing53Gags;As MOS structures were investigated by
combining experimental data with TCAD simulations. Using the experimental C-V curves at 100 Hz and 1 MHz
as calibration benchmarks, a comprehensive interface defect state model consisting of near-band-edge
exponentially distributed continuous defect states and discrete energy level defect states was established at the
InGaAs/Y,0; interface. By adjusting the defect state type, we analyzed the reference energy level, energy
position, defect state density, and characteristic energy parameter, the response characteristics of different
defect states. Based on the evolution of band bending, carrier distribution, and interface trapped charge
variation during gate-voltage sweeping, the formation mechanisms of the overall stretch-out and local
anomalous fluctuations in the experimental C-V curves were further clarified. The results show that discrete
donor-like and acceptor-like interface defect states mainly produce local responses when the Fermi level sweeps
across specific energy levels. Through electric-field screening and defect capacitance, they can induce local
capacitance reduction or hump-like behavior, accompanied by Fermi-level pinning. In contrast, exponentially
distributed interface defect states modulate interface trapped charge over a wide energy range, thereby affecting
the overall stretch-out of the C-V curves over a wide bias range. Among them, exponentially distributed donor-
like defect states near the valence-band side mainly modulate the response in the accumulation region, whereas
exponentially distributed acceptor-like defect states near the conduction-band side mainly suppress inversion
electron accumulation. These results indicate that a single defect state distribution model is insufficient to
simultaneously explain the overall profile and local details of the experimental curves, and that the synergistic
effects of continuous and discrete defect states must be considered together. The comprehensive interface defect
state model and analysis method established in this work provides a useful framework for studying interface
defect modulation, parameter extraction, and interface process optimization in InGaAs MOS structures.

Keywords: In; 53Gag 4,As MOS, interface defect states, C-V characteristics, interface charge modulation
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