%59 % 12 ] 2010 £ 12 A
1000-3290,/2010/59( 12 ) /8829-07

/B R

ACTA PHYSICA SINICA

Vol. 59,No. 12, December,2010
(©2010 Chin. Phys. Soc.

Al #0 N 323 Zn, _ Mg, O St FE B A S50

A oBYY mEpDt sped

#il4"

D) (NIRRT 54 F O R 5 ir, s 610065)
2) (ERRH T R2EE (5 B 2%BE , K 400054 )
3) (PU)IIYE R 3 5 T TR 2=, R 610066 )
(2009 4E9 A 11 HY#;2010 4E5 A 16 HksEME)

TR RS — PRI T TR T AR N HABXS Zn, Mg, O 7558 SMIG Bl DL BOG 27 M B i

S AR R DL AR PR L B RR A TERREX 7R

1o AE XL AR BUREAS PR 1 AN . A HL eR BRI 3%

FEYEREOTE R, AL FIN HHB R Zn, _ Mg, O BOEAMNl ™ FELURS X0 SN AI AT W' A I SO 58 4 it
PRELISHR AN SR OEIE TR W, ALFT N B Zn, - Mg, O f) SR W58 BERE R A8 LR R &, (0) DA 2. 64 RN
3.23. AEEBURIEIIHARMT, ALRI N JE48)5 Zn, | Mg, O B92F B TR L RABA S A 8%, JEIRMR (9 K.

KR WEZRELE, AR, JeE i, Bk

PACC: 7115M, 7820D, 7840G

1. g =

Zn0 NFEEE AL G Y SRR, B LR Y
e FL R AR S R R A p
Zn,_ Mg, 0 J&15 ZnO — A EE AT R 57 B4 i JAR =
A AR, 200 & Mg J5 7T il 4t Zn,_, Mg,0
&Y. BT p B Zn, Mg, O FESEHLEAT WA
Z W, HI Zn, - Mg, O BPEH p BUBEAS HL 12544
DA 2 I 26 L 1A M AR5

ULAER, Xt Zn, - Mg, O BRI AR 2. 5K
A BT T Zn, Mg, O H7BR7ZE{K, Bhattacharya
AT 4% FE B Zn,, Mg, O & 42 W, Sharma
GBI T Zn, Mg, 0 & S A5 DGR, Yang
SURRSE T Zng Mg, O [y p-n 45 LR B4 1K
IR T R R Mg 482% Zn0 £ 4 1 L 14
), SCHR[9 T ESE T AL ML N 3648 p B Zn,_ Mg, O
(454, SCHk [ 10—12 ] s i AL A N k42
Zn,_ Mg, OSCH il £ i T p 2 Zn, _ Mg, O .

£ Zn, _ Mg, O BB 58, ot PERE N
B Zn, Mg, O ALAA L ZnO @A IERCR,
T ELIZAA B8 A 6 P AT A — 7 3 i A A 7 o

* [E K A IRFHA L 4 (LS 110676025 ) B Bl I TR,
T HEK & . E-mail ; chengxl@ scu. edu. cn

R FHZAA L 45 1) 2 SO 25 T B 36 N i 3
LR )1 X . M SRS SR AL AN
B A& p B Zn, Mg, O, {HXS AL FIN 342 p #Y
Zn, _ Mg, O B0 R 45— P AR S8 4 25 1t A
L SCHR IR . AR SCHRAR 55 — PR B A 5T T AL A N
$48 Zn,_ Mg, O 1R R bk R

2. AR R BT BT %

2. 1. it BB HE

ZnO FEZ T T T8 A R 7S T LR B 4
¥, HLZs (WK P63me, MFRIEN Co,y , #3E ZnO 3t
SRR (1 A S RO S B — A Mg B
ZnO ffK 2 x 2 x 1 &ML (& 1) o —A~ Zn JB 1L
Zny sMg, 1, O (B 2) , AL FI N $2 18 1: 219 Fe 1) 43
B Zn, _, Mg, 0 H1 Zn F1 O, JE AL Al 1 N 45
Zn, Mg OWyIHEAAAI (& 3).

2.2.itEFH*E

ASCHRR H B AR CASTEP, i) X
J 348l GGA-PBE, GGA-RPBE , GGA-PWO91 Fil &yl 2
JEIE Al LDA-CA-PZ U 11 X 1) 52 48 G 1k 32 R X



8830 Y| B

59 &

¥R
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16 11.21—30. 02 eV B24H1 5 AR —3.

B2%H1 Zn, _ Mg, O (A FL R EUE TR &, A =4
FA I, A T 5. 28,9.02 A1 11,02 eV 4b,
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Prift =R n FUEOCR A k. & 8 (a) AT AL, AL FiI N Ik
BJ5 Zn,_ Mg, 0 W3 52 {4 A= 1 0—10. 10 eV
(IR AEDS, 7F 10. 10—30. 02 eV {5 RE X 47 5 2R He A
BBk, 75 6. 12—10. 10 eV [X[A] Zn,_ Mg, O 475}
RIEB AR R B IRATNIE(E N n = 1. 72, 825 n
=1. 91 XA X B B 3 1 125—210 nm {5240
IX. 7 3.01—6. 14 eV X [i] Zn, Mg O 4§ % 1L 2
TSRS B A n = 1.93 $BTeE n =1, 87,
LK L% R K Ry 210—415 nm (128 41 X A1 43 A
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JEAR I T AR A SRR, 5 i A A R A — B
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K9 R 4825 ALHIN FifJa i) Zn, - Mg, O B
AR &9 nl A, AL AN L2 )5 Zn, | Mg O
25 B TR AR AL RE R A0 G V(LI 17. 32 eV #5231 3
17.81 eV, WE{H M 22. 5 #5K 3] 34. 5, B 24 Hi )G 14
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A SRR A RE I I3 5 S0k [ 9 ] 10 2S
WL IR RRT BRI AT 17. 32 eV ARIE(E N O 1Y 2s 1L
TR A S R BRIE, 17. 81 eV AR IE{E D AL Y
3s RN By 2s HLFAYERIE. M Mulliken HL7i7 A3 & 73

30
BaJE

il il

10




8834 Y| B

N 59 %

HrArgn s ALY 3s RN B9 2s B T2 5 0T A HL £
G394 1. 09¢ F1 0. 28e, i Z HIE R T O 1 2s HE
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Jer AR AR B R A AR AR AR IX., 78 i BE XD
SRS GRS AL, A F pR RO T I O 3 A
THCREOTE R, ALFI N 4B )5 Zn, - Mg, 0 )ty
ML S HE LTS , Xk o8 o 5 S I AT D' iy IR WA
5. 91 FEL RRVRRCSTE IS RS O3 B3 R I, AL RN
BI5 Zn,_ Mg, O 1 S5 Wi B2 19 R, A A0 L
e (0) M 2. 64 34K H 3. 23, AEAEIIE R, Al
FIN AR JS Zn, Mg, O 1955 8 1 IR PR M % e A=
A%, LRI A PR R4 R
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Effect of Al and N codoping on the optical
properties of Zn,_ Mg, O"
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Abstract

Effects of Al and N codoping on the optical properties of Zn, Mg O in ultraviolet and visual spectral regions have
been systematically investigated using density functional theory based on the first-principles method. It is found that the
optical properties of Zn, Mg O are caused by the codoped Al and N to vary mainly in a low energy region, whereas they
remain almost unchanged in a high energy region. The detailed calculations, including the imaginary part of the dielectric
constant, absorption spectrum and extinction coefficient, indicate that due to the codoped Al and N, the optical absorption
of Zn, Mg, O shifts toward lower energy and the absorption of the ultraviolet and the visible absorption increase. Study on
the real part of the dielectric constant and reflection spectrum of Zn, Mg O shows that the codoped Al and N are
responsible for the increased reflection peak intensity, and also for the static dielectric constant increasing from 2. 64 to
3.23. In addition, the calculations from the current electron energy loss function indicate that the codoped Al and N lead

to the enhanced amplitude and the blue shift of the plasma resonant frequency of Zn, Mg O.

Keywords: density functional theory, ZnO, optical property, codoping
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