










Abstract 

Semiconductor nanowires (NWs) exhibit both extraordinary mechanical properties and 

excellent control in the conduction of electrons. NWs present a unique system to explore 

physical phenomena on a quantum scale and play a critical role in future electronic and 

optoelectronic devices. The band gaps of semiconductors are commonly tuned to exhibit 

desired behaviours through means such as alloying or doping. However, a novel method 

proposed in this work is the use of strain, due to large recoverable elastic strains observed 

in NWs. Of particular interest is that of strains exhibited in bent NWs; where 

simultaneous compressive and tensile strains occur along its cross-section. Herein, an ab 

initio investigation on strain-mediated band gap engineering of bent semiconductor 

nanowires, was performed using density functional theory (DFT). There are difficulties 

in simulating bent NWs due to symmetry loss in all directions in the bent structure. By 

considering that compressive and tensile strain occur simultaneously, this thesis proposes 

a simplified approach to simulating band gap evolution with strain, by using unit cells 

under tensions and compressions separately. Furthermore, it is well documented that the 

minute radial dimension of NWs induces solid state phenomena such as the quantum 

confinement effect and internal strains; which have considerable contributions to band 

gap modulation. Separation of the effects of these phenomena with external strain 

application to band gap evolution can be performed using the proposed simplified unit 

cell model. Both wurtzite (WZ) and zinc-blende (ZB-(111)) polytypes of III-V and II-VI 

semiconductors were considered in this study. Simulations implementing DFT were 

performed in the Vienna ab initio Simulation Package (VASP), using the hybrid HSE06 

functional. 

III-V and II-VI semiconductors were considered as a means of alternatives to the

short comings of common group IV semiconductors such as silicon, namely its indirect 

band gap which offers limited use in optoelectronics. These semiconductors have wide 
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ISTART = 0 

EDIFFG = -0.01; EDIFF = 0.0001 

ISMEAR = 0; SIGMA = 0.05 

IBRION = 2 

PREC = accurate 

 

ISIF = 2; NSW = 0; 

ENCUT = a # set a for system, can comment out line for default VASP setting 

NBANDS = a # set number of electronic bands dependent on system 

Automatic Mesh 

0 

Gamma-centred 

6 6 4 

0 0 0 



Chapter 9 Appendix 

80 
 

Step 2 of 2) Zero – weighted self-consistent HSE06 calculation for band structure 

Copy IBZKPT file to KPOINTS file and edit to input k points along high symmetry 

path desired, with 0 weighting at the end of the file. Ensure the total number of k points 

is updated in the header of the file. 

 Plot resulting band structure with 0 weighting. If eigenvalues between weighted 

and non-weighted points of high-symmetry are not converged, consider using a larger k 

mesh & a smaller AMIX value. 

 

INCAR:  
ISTART = 1 # set to 1 to continue from previous WAVECAR file 

EDIFFG = -0.01; EDIFF = 0.0001 

ISMEAR = 0; SIGMA = 0.05 

IBRION = 2 

PREC = accurate 

 

ISIF = 2; NSW = 0; 

ENCUT = a # set a for system, can comment out line for default VASP setting 

NBANDS = a # set number of electronic bands dependent on system 

 

LORBIT = 11 # LORBIT = 11 for projected DOS to be generated 

 

# HSE Tags 

LHFCALC = .TRUE. ; HFSCREEN = 0.2  

ALGO = Normal; # ALGO = All # If Normal does not converge 

IMIX = 1; AMIX = 0.1;  NELMIN = 5 

AEXX = a  # set a (default = 0.25), set dependent on convergence test 

LWAVE = .FALSE. # set .TRUE. to overwrite current WAVECAR file  

  



Automatically generated mesh 
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Reciprocal lattice 

    0.00000000000000    0.00000000000000    0.00000000000000             1 

    0.16666666666667    0.00000000000000    0.00000000000000             6 

    0.33333333333333    0.00000000000000    0.00000000000000             6 

    0.50000000000000   -0.00000000000000    0.00000000000000             3 

    0.16666666666667    0.16666666666667    0.00000000000000             6 

    0.33333333333333    0.16666666666667    0.00000000000000            12 

    0.33333333333333    0.33333333333333    0.00000000000000             2 

    0.00000000000000    0.00000000000000    0.25000000000000             2 

    0.16666666666667    0.00000000000000    0.25000000000000            12 

    0.33333333333333    0.00000000000000    0.25000000000000            12 

    0.50000000000000   -0.00000000000000    0.25000000000000             6 

    0.16666666666667    0.16666666666667    0.25000000000000            12 

    0.33333333333333    0.16666666666667    0.25000000000000            24 

    0.33333333333333    0.33333333333333    0.25000000000000             4 

    0.00000000000000    0.00000000000000    0.50000000000000             1 

    0.16666666666667    0.00000000000000    0.50000000000000             6 

    0.33333333333333    0.00000000000000    0.50000000000000             6 

    0.50000000000000   -0.00000000000000    0.50000000000000             3 

    0.16666666666667    0.16666666666667    0.50000000000000             6 

    0.33333333333333    0.16666666666667    0.50000000000000            12 

    0.33333333333333    0.33333333333333    0.50000000000000             2 

0.00000000 0.00000000 0.00000000 0.000 ! This line and below contains 

0.00000000 0.00000000 0.05555556 0.000 ! K-points chosen along the high 

0.00000000 0.00000000 0.11111111 0.000 ! symmetry path in the BZ 

0.00000000 0.00000000 0.16666667 0.000 

0.00000000 0.00000000 0.22222222 0.000 

0.00000000 0.00000000 0.27777778 0.000 

0.00000000 0.00000000 0.33333333 0.000 

0.00000000 0.00000000 0.38888889 0.000 

0.00000000 0.00000000 0.44444444 0.000 

0.00000000 0.00000000 0.50000000 0.000 
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