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Fig. 1. Diagram of uniaxial stress.
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Table 1. Deformation potential parameters of IV semiconductors (all units of physical quantities are eV) (12,13],
r A L ]
I A = 1 = A =A = A =
E, E§ Eé’ _5‘4—5_5—(11,; aF; =4 +§_u —al,;r v =L
Si 3.34 1.12 2.10 —-3.4 —10.1 1.86 8.88 15.2
Ge 0.898 1.16 0.76 -3.5 —-9.78 —1.86 9.46 17.2
Sn —0.41 3.68 0.12 —-1.0 —7.65 2.11 —2.87 —2.5
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Fig. 2. The relationship between conduction band energy levels of the tensile/compressive strained-Ge and stress
intensity: (a) (001) biaxial strain; (b) (101) biaxial strain; (c¢) (111) biaxial strain; (d) (001) uniaxial strain 0°-[100]

crystal surface; (e) (001) uniaxial strain 45°-[110] crystal surface; (f) (001) uniaxial strain 0° 4 biaxial strain.
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Fig. 3. The relationship between conduction band energy levels of the (001) uniaxial 0° + biaxial tensile strained-Ge

and stress intensity: (a) Uniaxial strain; (b) biaxial strain; (c¢) two-dimensional equal energy graph.
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Fig. 4. Diagram of bandgap conversion of Ge1—_;Sng: (a) The relationship between conduction band energy levels of the

relaxation Gei—5;Sn, and alloying; (b) the bandgap conversion of tensile strained-Gej_zSn,.
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Fig. 5. The band structure of biaxial tensile strain with low strength: (a) The relationship between conduction
band energy levels and stress intensity; (b) the difference between the conduction band I' and L energy valley;
(c) the relationship between valence band point I" energy level and stress intensity; (d) the relationship between the

bandgap width and the stress intensity.
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Fig. 6. The valence band structure of biaxial tensile strained-Ge with low strength: (a) Relaxation; (b) 0.1% strain;
(¢) 0.2% train; (d) 0.3% train.
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Fig. 8. Equal energy graph of the valence band 40 meV E{”, of biaxial tensile strained-Ge with low strength: (a) The

edge; (b) subband edge; (c) subband edge.
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Fig. 10. The valence band structure of direct bandgap Gei1_;Sn; alloy with different Sn component: (a) Sn component
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Fig. 12. Equal energy graph of the valence band 40 meV E{O’, of direct bandgap Gej_;Sn, alloy with different Sn
component: (a) The edge; (b) subband edge; (c) subband edge.
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Fig. 13. The relationship between conduction band, valence band point I" energy level of quasi direct bandgap
modified Ge and stress intensity T: (a) Conduction band under 0° uniaxial strain; (b) valence band under 0°

uniaxial strain; (c) conduction band under 45° uniaxial strain; (d) valence band under 45° uniaxial strain.
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Abstract

Ge is an indirect bandgap semiconductor, which can be converted into a direct bandgap semiconductor by using
the modification techniques. The carrier radiation recombination efficiency of modified Ge is high, which can be used in
optical devices. The mobility of Ge semiconductor carriers is higher than that of Si semiconductor carriers, so Ge device
can work fast and have good frequency characteristics in electronic device. In view of the application advantages of
modified Ge semiconductors in both optical devices and electrical devices, it has been a potential material of monolithic
optoelectronic integration. The Ge and GeSn as optoelectronic device materials have a great competitive advantage,
but there is no mature Ge-based monolithic photoelectric integration. In order to realize Ge-based optical interconnec-
tion, the bandgap of luminous tube, detector and waveguide active layer material must satisfy the following sequence:
Eg waveguide > Eg luminoustube > Fg detector- Lherefore, in order to achieve the same layer monolithic photoelectric in-
tegration, we must modulate the energy band structure of the active layer material of the device. Unfortunately, the
literature in this area is lacking.

The band structure is one of the theoretical foundations for the monolithic photoelectric integration of the modified
Ge materials, but the work in this area is still inadequate. In this paper, this problem is investigated from three aspects.
1) Based on the generalized Hooke’s law and the principle of deformation potential, a modified Ge bandgap type trans-
formation model is established under different modification conditions, perfecting the theory of converting the indirect
switching into direct band gap of Ge. 2) On the basis of establishing the strain tensor and deformation potential model,
a modified Ge band E-k model is established, and the relevant conclusions can provide key parameters for LED and
laser device simulation models. 3) Based on the theory of solid energy band, the bandgap width modulation scheme of
the modified Ge under the uniaxial stress is proposed, which provides an important theoretical reference for realizing
the Ge-based single-layer photoelectric integration. The results in this paper can provide an important theoretical basis
for understanding the material physics of the modified Ge and designing the active layers of the light emitting devices

in the Ge based optical interconnection.
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