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Table 1. The parameter values of deformation poten-

tial model.

Parameter Ge Sn
c11/GPa 128.7 69.0
c12/GPa 47.7 29.3
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Table 2. The parameter values of energy band struc-

ture calculation for strained Gej_,Sng.

Parameter Ge Sn
Ay/eV 0.296 0.800
v 13.38 —15.00
7 4.24 —11.45
7 5.69 —8.55
Ep/eV 26.3 24.0
av/eV 1.24 1.55
by /eV —2.9 —2.7
dy/eV —4.8 —4.1
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Parameter Ge Sn
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Fig. 1. Contour plot of Gej_;Sn, bandgap difference
between Eg and Eé’ for biaxial tensile strain on the

(001) plane. All energies are in eV.
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bandgap Gei—_,Sng at I for biaxial tensile strain on
the (001) plane: (a) Energy level shift; (b) bandgap
width.
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Fig. 3. Energy band structure of critical bandgap Geg.096Sn0.04 along typical crystal orientations: (a) Un-

strained Geg.0965n0.04; (b) biaxial tensile strained Geg.o96Sno.04 on the (001) plane.
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Fig. 4. Constant energy surface of critical bandgap Gei—_,Snz at 40 meV for biaxial tensile strain on the (001) plane: (a) I"

valley; (b) the first valence band edge level; (c) the second valence band edge level.
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Fig. 5. I" valley electron effective mass of critical bandgap Ge1—zSn, for biaxial tensile strain on the (001) plane: (a) Electron

effective mass along typical crystal orientations; (b) electron density of states and conductance effective masses.
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Fig. 6. Hole anisotropic effective mass of critical bandgap Ge;_,Sn, at I" for biaxial tensile strain on the

(001) plane: (a) Hole effective mass of the first valence band edge level; (b) hole effective mass of the second

valence band edge level.
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Fig. 8. I' valley electron scattering rates of critical bandgap Ge1—,Sn, for biaxial tensile strain on the (001) plane:

(a) Ionized impurity scattering; (b) acoustic phonon scattering; (c) alloy scattering; (d) total scattering.
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F 4 ARSCHEAE S SCIRSZIRE X EEZ5 R (300 K)
Table 4. The comparison between the calculated val-
ues in this paper and the experimental values in liter-
atures (at 300 K).
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Abstract

Optoelectronic integration technology which utilizes CMOS process to achieve the integration of photonic devices has
the advantages of high integration, high speed and low power consumption. The Ge;_,Sn, alloys have been widely used
in photodetectors, light-emitting diodes, lasers and other optoelectronic integration areas because they can be converted
into direct bandgap semiconductors as the Sn component increases. However, the solid solubility of Sn in Ge as well as
the large lattice mismatch between Ge and Sn resulting from the Sn composition cannot be increased arbitrarily: it is
limited, thereby bringing a lot of challenges to the preparation and application of direct bandgap Gei—_gSny.

Strain engineering can also modulate the band structure to convert Ge from an indirect bandgap into a direct
bandgap, where the required stress is minimal under biaxial tensile strain on the (001) plane. Moreover, the carrier
mobility, especially the hole mobility, is significantly enhanced. Therefore, considering the combined effect of alloying
and biaxial strain on Ge, it is possible not only to reduce the required Sn composition or stress for direct bandgap
transition, but also to further enhance the optical and electrical properties of Ge1_5Sn, alloys.

The energy band structure is the theoretical basis for studying the optical and electrical properties of strained
Gei1_.Sn, alloys. In this paper, according to the theory of deformation potential, the relationship between Sn component
and stress at the critical point of bandgap transition is given by analyzing the bandgap transition condition of biaxial
tensile strained Gei—,Sn, on the (001) plane. The energy band structure of strained Gei_,Sn, with direct bandgap
at the critical state is obtained through diagonalizing an 8-level k - p Hamiltonian matrix which includes the spin-orbit
coupling interaction and strain effect. According to the energy band structure and scattering model, the effective mass
and mobility of carriers are quantitatively calculated. The calculation results indicate that the combination of lower Sn
component and stress can also obtain the direct bandgap Gei1—,Sn;, and its bandgap width decreases with the increase of
stress. The strained Gei—_,Sn, with direct bandgap has a very high electron mobility due to the small electron effective
mass, and the hole mobility is significantly improved under the effect of stress. Considering both the process realization
and the material properties, a combination of 4% Sn component and 1.2 GPa stress or 3% Sn component and 1.5 GPa

stress can be selected for designing the high speed devices and optoelectronic devices.

Keywords: biaxial tensile strained Ge;_,Sn,, k - p method, energy band structure, mobility
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