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Fig. 1. Primitive cell total energy versus volume of

two structures. The inset shows the solving method of

phase transition pressure.
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Table 1. Parameters of two structures and other com-

pared experimental and calculated values.

a/A b/A  c¢/A By/GPa B’

AAE 6.101 6.101 6.101  49.0  4.87
ZB &5#) gz 21 6.103 6.103 6.103  50.9  5.04

M 6171 6.171 6.171 427 4.90

AAE 4.318 4.318 9.567 50.1  4.41
CB 4 szabff 221 4.002 4.092 9.376

WM 23] 4.305 4.305 9.899 514 4.50

ME T LU, EFE T, ZB45# L CB 45
P AR e, EMEE K IR, grE & mjEHE K
A GEREAR . DL, HERGI R (-TS)
XA E A (G = H — T'S) FIBTHRIR /S, AT EA
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Fig. 2. Normalized volume versus pressure of two

structures.
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Table 2. Phase transition pressure and primitive cell volume.

Pr/GPa VZB /A3 VSB /A3 AV [V
_ 1]
I H-V 8.6 0.870 0.796 7.4%
V /Vo-P K 0.877 0.797 8.0%
SIS 9.5(71 8,918l
THHEAE 8.06 91, 9.0[10] 0.889 [ 0.799 [9] 9.0% (9, 7.1% (23]
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Fig. 3. Total DOS of two structures.
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Fig. 4. (a) PDOS of Zn in ZB structure; (b) PDOS of Te in ZB structure.
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Fig. 5. (a) PDOS of Zn in CB structure; (b) PDOS of Te in CB structure.
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REdn R, XPRYEFREAS, B T — M RERALE
HEmEmaemE, RWHIEG — KXRRI7 0
1) 18] B2 45 I 2 AR M A B R/ M 0.98 eV, XC
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B FE B N 0.79 eV. Strossner 25 271 & U
6 (754 B T %5 ZnTe fEFIAZE F17F B
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Fig. 6. Band structure of two structures under pres-
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Fig. 7. Imaginary part of dielectric function of two
structures under pressures. The inset is the peak re-

solving result of ZB structure at 0 GPa.
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Fig. 8. Macroscopic dielectric function of ZB structure

under pressures.
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Abstract

The equations of state and phase transition of ZnTe in zinc blende (ZB) and cinnabar (CB) structures under high
pressure are investigated by the projected augmented wave method in the scheme of density functional theory. The
primitive cell volumes, electronic structures and optical properties are also predicted before and after phase transition.
The variations of the calculated total energy with volume, for the structures of ZB and CB, yield the information about
the static equation of state and phase stability. The results show that the ZB phase of ZnTe has lower energy, and
is more stable than its CB phase. The pressure-induced transition occurs along the common tangent line connecting
the tangential points on the two enthalpy-volume curves. The calculations show that the phase transition pressure is
8.6 GPa from the ZB structure to the CB structure. The value is also compatible with those of other available theoretical
and experimental results. Just before the ZB phase is transferred to the CB phase at about 8.6 GPa, the volume is
reduced by 13.0% relative to the former volume at the ambient pressure condition. The calculated critical volumes and
volume compressibilities by using two methods agree well with other results in the literature. The lattice parameters
and equations of state of the two structures are also obtained. Metallization case of other similar materials such as ZnS
caused by high pressure does not occur here. The CB phase has the behavior of indirect band gap with 0.98 eV along
the symmetry of G — K. After phase transition, the distributions of density of states of Zn and Te atoms of the CB
structure shift towards lower energy, especially in the conduction band bottom, and the band gap decreases. Energy
level overlapping is more obvious in the CB structure, and orbital hybridizations still exist, that is the reason why it is
the stable phase under high pressure condition. Stronger orbital hybridization helps the transitions between Te 5p and
Zm 3d electrons. The main peak of imaginary part of dielectric constant is enhanced apparently with abnormal red shift,
while other two peaks disappear at the same time. Macroscopic dielectric constant of ZB structure decreases as pressure
increases. For CB structure, the macroscopic dielectric constant with 13.60 €V is not affected by pressure. The results

provide a theoretical basis for the polarization research of ZnTe material in static electric field under high pressure.
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