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Abstract . This review analyzed the band structure, optical absorption and emission spectra of Zr0O,. The DOS and band
structures of ZrO, with different crystallographic types are introduced based on the first principal calculating to the energy
structures. Possible transition mechanisms and energy gaps of electrons near the forbidden band of ZrO, with different
structures are analyzed based on the DOS calculations. Either pure or doped ZrO, has a high insulation performance at
room temperature. Conductivity of ZrO, at high temperature is analyzed, and the applications in the fields such as oxygen
sensor and the fuel cell separator materials are introduced. Doped ZrO, crystal is highly light translucency, the high tem-
perature has a positive effect to improve the refractive index of Zr0O, if the crystal does not occur structural changing or de-
vitrification. The white appearance of ZrO, powder is due to the light scattering on the surface and by the intrinsic defects.
Luminescence in ZrO, is originated from the transitions between ground state and the new energy levels created by oxygen
vacancies, which captured electrons to form F-centers and their combined sites. Finally, the authors point out that ZrO,
can serve as light-emitting ions’ matrix because of the low phonon energy and the wide band gap of ZrO, , which provides
rigid circumstance for the light emission centers.
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Fig. 1 Density of states ( DOS) curves in conduction band ( CB)
of four crystal system(a) and the theoretically calculated

band structure of CB in tetragonal ZrO, (b)
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Fig. 2 The theoretically calculated band structure of va-
lence band ( VB) in tetragonal ZrO, (a) and the

density of states ( DOS) curves in VB of four crystal

system(b)
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Table 1  Minimum and direct band gap energy for the cubic,

monoclinic, rutile, and tetragonal crystal system of

ZrO, , and their location in the Brillouin zone

Crystal Computational Transition Least forbidden Direct forbidden

system method source  band width/eV  band width/eV
DFT X—T 3.3 X 3.8 -
Cubic LDA X—T 3.3 I 3.9 -
GW - 5.6 - - 3.7
- - - - 5.8
DFT X—B 3.6 B 3.7 -
M lini LDA Pr_x—T 3.1 r 4.0 -
onociime - gw - 5.4 r 3.2 -
_ - - - 5.5
Ep - 3.8 5.3
EELS - 4.2 -
Experiment Expt. - 4.5 4.5
value VUV - - 5.8~7.1
vuv - - 5.2, 5.8
vuv - - -
Anatase e >R 3.6 r 3.6
type
DFT AT 4.0 r 4.1
Squair Pp_y—T 4.0 -
( Calculated Pr_x—T 4.0 - -
value) ad) 4.0 ~ B
LDA Pp_y—T 4.1 r 4.3
GW 6.4 - 6.6
Experiment 1
E - - —
value gap 3.0
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Table 2 Otbital transition types and energies in Y, O, dopped ZrO, determined from experimental measurements and

theoretical calculations

Transition energy/eV

Transition type Transition source Cubic Squair Monoclinic
Test Theory Test Theory Test Theory
E, 02p(VB) —Zr4d(CB) 6.5 5.2 6.0 5.2 6.5 5.1
E, 02p(VB) —Zr4d(CB) 7.9 7.3 8.0 7.8 8.2 8.3
E, 02p(VB) —Zr4d(CB) — — — — 9.8 9.7
E, 02p(VB) —Y(CB) 16.7 — 16. 8 — — —
E, Og‘;(s(vsl)s )1@5:5(?3))01‘ 21.1 22.5 21.7 ~24 21.8 22
gemomsene s
E, 02s(VB) —Zr4d(CB) or 3 B " B 133 B

Zr4p(VB) —Zr 4d(CB)
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Fig. 5 Photoluminescence from ( dopped) ZrO, should be origi-

nated from the electron merging of energy band constructed

by oxygen vacancies
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