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Fig. 1. Calculation model: (a) ZnO; (b) ZnAION(1);
(c) ZnAION(2).

057401-2


http://wulixb.iphy.ac.cn
http://wulixb.iphy.ac.cn

Y18 Z R  Acta Phys. Sin.

Vol. 65, No. 5 (2016) 057401

2.2 HHEFE

AR o — M TR BE GG A Y T i R
HGGA+U B J7 i, 1k € & #:-#H X B HH PBEZ
PR AR, AN T ALAS 4 N Zn 3d104s2,
Al 3s23p!, O 2s22p*, N 2s22p®. S H XK B ¥
JE81.0 x 1075 eV /atom, &R 7 L #/EH
71< 0.5 eV/nm, WM < 0.05 GPa, fif% &
< 0.0001 nm. (3 x 3 x 3) M A AT KX K A
HUA3 x 3 x2; (2 x2x4)HMERIATEMIX kL
N4 x4 x 1. BWHEHCN 340 eV. TR H B IiEtk
AL EE, R GGA+U M7 RE IR R, 4225
KRB IEATEARR In 134 S U HE 105 eVEL O
) 2p A U HELT eV Bl AVRI N U 8 BUEAE BRI
FOE, T 45 S aeue g 5 M AR A

3 LR G
3.1 TEREERRRE MM

BT A M R &5 AR A0 5 19T & b 4 0ORT S
REREMERIMA. ERIFTLUEH, KK
ZnO [ 5k 5 B 5 5286 45 B 09 (o = 0.3250 nm,
¢ =0.5205 nm, o = 3 = 90°, v = 120°) #HFF &, &
B i R 22 N 1% A, R s B0 E R
SR, AL2NBAAE ZnO H, 4558 E W, AL2N
Fe RGN, B4R RRFRIEN. R T
WAL, N N3T B 7142 0.146 nm B 02~ 5
FP420.140 nm oK, (HEZEHNARRK; AT &7
F420.051 nm # Zn?t B FHIFA20.074 nm /D, ZE
B, ABT B AR N3 B PR B 2
W REERIFEI R, BTCL, R 2B 2k R R
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Table 1. The lattice parameters, equivalent total energies and formation energies of Zn;_;Al;O1_yN, (z = 0.01852,

y = 0.03704; z = 0.03125, y = 0.0625) after geometry optimized.

a,c/nm K (Al—N)/nm V/nm3 E/eV E¢/eV
AL ik [15] ¥ AL A AL
\ = 0.3298 = 0.3250, Zn—O
ZnO(HJfg) “ “ o 0.05000  —4295.00

¢ =0.5318 ¢ = 0.5205 0.2004
= 0.3286 AL-N

ZnAlION(1)  ° ’ — 0.04956  —4221.04  —9.10
¢ = 0.5299 0.1855
= 0.3278 AL-N

ZnAlON(2) — 0.04938  —4170.51  —4.30
¢ = 0.5309 0.1861
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Fig. 2. Band structure: (a) ZnO; (b) ZnAION(1);
(c) ZnAION(2).
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Fig. 3. The partial density of states: (a) Undoped
ZnO; (b) ZnAION(1); (c) ZnAION(2).
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Fig. 4. Absorption spectra of the pure and doped ZnO.
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HAE M 61 /60 = 1.20. 45 SRR, 54 =il n,
5 R B T AN, THEL A RS S 4
R A ARG, X2 T RE (8) N nT LA
A, BERMUGITREGR, M HS5 B B2
WA K, SRR B E B ORI
IR LRG TR, THEAR R, AR E
52 RGN, BAE RN ORI /N, i
B 3R/ RN, ORI RS R %
TR 255 84 AL-2N 3545 7E ZnO 3Rk 45 7] LARL
FEA UL 35 R 22 K PR T R A R AR 37 1 2 S A A Rk
A2 TR S1EH.
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HLPE BRI, 15 H Wl R 2518
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AT E.
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T 223 R BE R /DS, 28 7GR RS R/, 2
TR, BRER T HEMERBRTE. THHER
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Abstract

In a similar range of Al-2N doping amount to that in the present paper, the absorption spectra of ZnO doped
system and two kinds of experimental results have been reported in the literature. However, there is no reasonable ex-
planation for the absorption spectra of ZnO doped system. In order to solve the problem, all calculations in the present
paper are carried out by the CASTEP tool in the Materials Studio software based on the first principal ultrasoft pseu-
dopotential of the density functional theory, and the geometric structures of ZnO,Zng.98148Alo.0185200.96296No.03704 and
7Zmo.96875A10.0312500.9375No.0625 Systems are constructed by first-principal. All the models are based on the optimization
of the geometry structure. And the distribution of the band structure, the density of states and the absorption spectra
of the doping system are calculated by the method of GGA+U. The results indicate that in the range of the doping
content restricted in the present paper, the bigger the doping amount of Al-2N, the smaller the volume of doped system
is; the higher the total energy, the more the stability decreases; the higher the formation energy, the harder the doping
becomes and the narrower the optical band gap of doped system. Meanwhile, the higher the Al-2N doping content,
the narrower the optical bandgap of the doping system becomes, which suggests that the more significant the red shift
of absorption spectrum of Al-2N doped ZnO system is. Therefore, the doped system is controlled within the doping
content in experiment to obtain the narrow optical band gap and red shift in absorption spectrum in Al-2N doped ZnO,
in addition to the control of lower nanoscale of Al-2N doped in ZnO. At the same time, all doping systems are p-type
degenerated semiconductors. Then, the higher the Al-2N doping content, the smaller the relative concentration of free
holes of doped system is; the smaller the hole effective mass, the lower the mobility is; the lower the hole conductivity,
the worse the conductive property of doping system is. The calculated results are in agreement with the experimental
results. The research shows that Al-2N co-doped ZnO can be a new type of semiconductor material, a functional material

which is used at low temperature end of thermoelectric power generation.

Keywords: Al-2N doped ZnO, absorption spectrum, conductive property, first principals
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