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Abstract; Calculation and detailed analysis were carried out to investigate the lattice parameter and
defect formation energy of perfect zinc blend ZnTe, that with impurity Cu(Zn, 45Cu, ,,sTe) and that
with Zn vacancies (Zn, ¢sTe) using the plane-wave ultrasoft pseudopotential method based on den-
sity function theory and generalized gradient approximation. We obtained the band structure, density
of states, Mulliken populations, dielectric function, absorption spectrum, refractive index, reflectivity,
optical conductivity and loss function of the three systems. The results show that Zn vacancy and Cu
impurity have certain influence on the lattice parameters, energy band structure and optical proper-
ties. The volumes of defect systems decrease and the lattice parameters are changed to some extent
compared to perfect ZnTe. The band gap decreases, providing a n-type conductivity to the top of the
valence band of the acceptor levels due to the vacancy and introduction of impurity level. Moreover,
the optical properties of ZnTe are improved as the absorption spectra show a remarkable redshift and
the electron transition of the defect systems in the visible region are enhanced apparently accompa-

nied with appearance of dielectric peaks.
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Fig. 1 Supercell (2 x1 x1) of ZnTe with defect. X: Zn va-

cancy or impurity Cu.
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Table 1 ~ Optimized lattice parameters of perfect ZnTe and that with defect

a/nm b/nm ¢/nm a/(°) B/(°) v/ (°) V/nm’
ZnTe 1.259 0.620 0.620 90. 00 90. 00 90.00 0.483 96
Zng g5 Te 1.223 0.611 0.611 90.00 90. 00 90.00 0.456 57
7ng g75Cug 125 Te 1.241 0.618 0.618 90.00 90.00 90. 00 0.473 97

ZnTe Z5FH  Zn Te JEUT 2% TTHK 4 4> B R
FIE ML, A2 x 1 x 1 [ ZnTe # 5 i B
JLHEBRAG Zn JERTIE K Zn 2340, REE AR
PR EL T B A A Ak R AL HE S ]
el AT A NI G 7S (AR i e T
ROFNSHER B

Kl 2(a~c) il & AAE ZnTe  Zn, o Te Fl
Zng 45 Cuy, s Te HYHL T2 8 2200 K, 25 BIRIAR R
— 3, A 2(b, c) FIE 2 (a) AT LA, Zn 25
LS Rl Te Ji3F 4y 25 B2 B SRR AIR, 43 2% Cu i1
d BUIE A 2 AR R R A B T
YRR b 3A i i S B0 A I OUL A R
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Fig.2 Figures of electron density difference of ZnTe (a), Zn, 4sTe(b), and Zn, ;s Cu, ,sTe(c).
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Fig.3 Electron band structures of ZnTe(a), Zn, &sTe (b), and Zn, 45 Cu, s Te (c).
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Fig.4 Total and partial state densities of ZnTe(a), Zn, sTe(b), and Zn, g;sCu, ,sTe(c).

AEAT R B A X478 (0. 960 eV) , M TREE(E, ) I
F3]0.282 eV Al gt p-d HEFAE gl &
(92 . Zng s Cug 105 Te W Cu 4 3d L3 BE A X
T Zn (7 3d PUBRER T 7, 4R T Te 1Y 4p $l
T AYRERL, XA TR RE p-d JFI1; 9 HBR T
Cu 1 3d BB Zn 1Y 3d BLIE 1Y 2 3k 55
IR FEATHTBR A KRR/ 3 75 Zn, g5 Cuy, 05 Te
S RV B NI it B 2 BTl P g Rl o Sy NE N B

1 p-d J§ 77, 3X Al R 2B 4= 0 IR ME T 7E

oA AT (R /N AT R 2% b i B 5 1
PRI P A5 551 T S A R R
WA TR PR | S 2 B SHOAH AR s, 4%
(ELAY IE B U 67 S 5 OB . A Fe (4L T
T, BN I A i 1 R R 2 T Sy 4l
FHEAEH

MR 2 WLAE 3 PR R T Zn—Te K41

R2 Zn—Te#E5 Cu—Te BHOFSHBHLH
Table 2 Mulliken population analysis on bonds Zn—Te and Cu—Te

Inl —Tell Znll—Tell ZnlV—Tell Znl—Tel ZnlV—Tel Cu—Te |

ZnTe 0 4L 0.49 0.49
K /nm 0.265 0.265

Zn g;5Te A R AL 0.37 0.37
A /nm 0.261 0.265

Zny 75 Cug_ 155 Te i FE AL 0.45 0.36
K /nm 0.260 0.261

0.49 0.49 0.49
0.265 0.265 0.265
0.23 0.15 0.29
0.265 0.261 0.261
0.41 0.13 0.30 0.53
0.261 0.261 0.260 0.255

R3 InTe Cu BFHDHBEHREHSH

Table 3 Mulliken population analysis on atoms Zn, Te, Cu

TOER 25 s p d JEe FEL i

ZnTe Zn — 0.98 1.25 9.98 12.20 -0.17
Te — 1.51 4.31 0.00 5.82 0.17

Zn ¢75Te Zn Zn 1 0.93 1.26 9.98 12.17 -0.13
Znll 1.12 1.31 9.98 12.41 -0.41

Znlll 0.97 1.25 9.98 12.21 -0.21

ZnlV 1.00 1.28 9.98 12.26 -0.26

Te Te [ 1.57 4.19 0.00 5.76 0.24

Te Il 1.52 4.27 0.00 5.79 0.21

Zng 75 Cuig. o5 Te Cu — 0.85 1.02 9.73 11.60 ~0.60
Zn Zn 1 0.94 1.25 9.98 12.17 -0.17

Znll 0.97 1.25 9.98 12.20 -0.20

Znlll 0.94 1.24 9.98 12.16 -0.16

ZnlV 0.94 1.26 9.98 12.19 -0.19

Te Te [ 1.45 4.25 0.00 5.17 0.29

Te I 1.53 4.29 0.00 5.82 0.18
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Fig.5 Dielectric function of ZnTe(a), Zn, ¢sTe (b), and
Zng ¢sCuy s Te(e).
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Fig.6 Loss function of ZnTe, Zn, i Te, and Zng s Cuy s Te.
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Fig. 7 Absorption coefficients of ZnTe, Zn,gs Te, and

Zny g5 Cuy 5 Te.
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Fig.8  Photoconductivity of ZnTe(a), Zn, gsTe(b), and
Zng g5 Cuy psTe(c).
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Fig.9 Complex refractive index of ZnTe(a), Zn, ¢sTe(b),
and Zng 4,5 Cuy 1,5 Te(c).
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Fig. 10  Reflectivity of ZnTe, Zn, 4sTe, and Zn, g5 Cuy 1,5 Te.
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