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First-Principles Research of Lattice Constant Optimization

and Electronic Structure of ZnO
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Abstract: Based on the density functional theory (DFT), studied the bulk properties of the wurtzite ZnO such as
lattice parameters, bulk modulus, band structure and the density of state by using a plane-wave ultrasoft pseudopotential
technique. The theory predicts that the ZnO is a direct band gap semiconductor material, and the bottommost conduc-
tion band and the top of valence band are located in the G point of Brillouin zone. The calculation results agree well with
the results in other literatures, and provides theoretical basis for the design and application of optoelectronic materials
of ZnO.
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Fig. 1 The unit cell of ZnO with hexagonal wurtzite structure
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Fig. 2 The simple Brillouin zone of ZnO unit cell
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Table 1 The relationship between calculate volume and energy

a/Bohr  ala, JEHIATR /Bonr’ JEUMEEEHR /(hart  cell™)
6.894 1 0.96 284.084 99 -160.539 238 862 979
6.0151 0.98 301.947 05 -160.553 609 489 363
6.076 5 0.99 311.284 97 -160.558 060 883 352
6.137 9 1.00 320.839 04 -160.560 864 640 068
6.199 3 1.01 330.534 42 -160.562 152 948 977
6.260 7 1.02 340.449 80 -160.562 094 298 634
6.322 0 1.03 350.561 52 -160.560 813 298 674
6.383 4 1.04 360.871 50 -160.558 420 686 171
6.506 2 1.06 382.093 95 -160.550 783 717 457
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Fig. 3 Single cell energy changes as the volume change
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Fig. 4 Band structure of ZnO
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Fig. 5 The distribution of state density
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