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Fig. 1. Supercell of Cu-O co-doped AIN.
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Table 1. Lattice constant, total energy, band gap and formation energy of AIN before and after doped.

a/nm ¢/nm c/a Vo/nm3 E/eV Eg/eV E¢/eV
AlN(experimental) 21231 0.3112  0.4982  1.601 — — 6.2 —
AlN(calculation) 0.3127 0.5002 1.601 0.7624 —11893.84 4.13 —
AIN:Cu(calculation) 0.3130 0.5012 1.601 0.7652 —13308.40 3.24 5.21
AIN:Cu-O(calculation) 0.3125 0.5030 1.610 0.7658 —13475.89 2.74 4.58
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Fig. 2. Energy band structure and PDOS of AIN: (a) Energy band structure; (b) PDOS of AIN; (c¢) PDOS

of Al; (d) PDOS of N.

047101-3


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

Y118 Z R  Acta Phys. Sin.

Vol. 67, No. 4 (2018) 047101

S EE il AR T 3p B4, 5KB4 AINM
FLEARME. B R H B, B FEH Cu
JET I 3d 55 N R T 2p A4k, XL 3 (d) fr
Bl 3 (e) M %1, Cu 3d&H JLMNEE SN 2p S AHXS
N, BOKRER T T A EHFEERH Cu 3d
AN 2p &, H=FHTEARAEL, 3 Cu 3d 5N 2p L
TR EIE L. CulB NG Al A5 A

()

Energy/eV
|
w

SR, W RETT AR [R] I O T 2 oK e 2
TR FEAS, AR T0 R I A2 AE 2 R 1 28 %, U
CutB =] 3545 p 1 AIN. {H %5 Ag g Hh 2= 7RI ) B
FEAE 3 3O R e A s TOU R, 2 oK e 2 P i 2
G, JE 1A HE R G i, AT Cu B Ak FEAR,
B RE AT E, L5 2 Cu o S I E AR 1)
p T AIN fi k.

70} (b) — AIN-s
— AIN-p
T 60T -=== AIN-d
S 0l
wn
=]
2 40t
&
o
2
o 30
~
3
Q 20t
10}

0 L i =
—-20 —-15 —-10 =5 O 5 10

G F Q A
Energy/eV
0.6 2.0 4.0
(c) — Al-3s (d) — N-2s | (e) — Cu-4s
05} — Al3p — N-2p 3.5 — Cu-3p
; ; 157 :T> 3.0F :",' ---- Cu-3d
0.4f ¥
7 7 > 2.5} e
g 5 5 P
= 0.3} 2 10T £ 201 i
Q Q 13} [
k> g o i .
< o2} < 2 15 Do
w0 n n H Wit
Q Q05 S 1.0f ; :
2 4] a s K '
051 ! :
0 L L f 0 ! PR _A 0 N M A
—20 —15 —10 =5 0 5 10 —20 —-15 —10 -5 0 5 10 —20 —-15 —10 -5 0 5 10

Energy/eV

Energy/eV

Energy/eV

K3 Cu#t AINMREHEH S EHE  (a) BEATE; (D) 2EHE; (o) AIMDEHE,; (d) N K5EHE;

(e) Cu s A s

Fig. 3. Energy band structure and PDOS of Cu doped AIN: (a) Energy band structure; (b) PDOS of Cu
doped AIN; (c¢) PDOS of Al; (d) PDOS of N; (e) PDOS of Cu.
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Fig. 4. Energy band structure and PDOS of Cu-O co-doped AIN: (a) Energy band structure; (b) PDOS of
Cu-O co-doped AIN; (¢) PDOS of Al; (d) PDOS of N; (e) PDOS of Cu; (f) PDOS of O.
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AIN before and after doped.

B 5 (c) 215 2= 0 AIN Wi, 45 3 i,
2l AIN s A AE AT WOBIX e e, R AR 1 98 2K
THRERETFRER. Cu5 0B NG, BINEEW
FEINT 2R BES, W50 1 A AE AT UL X IR
Yo, 4t AIN WRUSCIA 5 52 47 5 25 R R, AL S 0
FIREEN9.9 eV. Cu 50BN )5 TRAE X Bl —
WU, 5 BRI A AR e BRI RE XA A2 A AR X
L. 54 AINAH L, 2% CuJa WSS, Culs
OB a5y, FINB A SINZ EREH T BREH
A ERIE L H T R

4 % W

BT 2 BR B 4 AIN, Cu B8 2% PA J¢
Cu 5 O B¢ AIN HL 7G5 M ROG 2 A BTEAT 11t
B5pHr. a8 REBY]: BRRBBERIER, R4
REEPFMG; CutiB it i Culi O B4 )5 AIN IR
THEHEWEF T CuB AJE Cu 3dH T 5401
FIN 2p HL7 2 (8] 5 2L BB 22 AL RN, H Cu H
BIRIREAE, BRRGARE, BOESEHEE M p

B AIN f ik, Cu5 0 8B4 )5, Culs O KI5 1E
MTRE T CulfiF I BIHEFAE R, o4 w5 K
MAGIEN, Cu503LB 8L llp & AIN )
RS R, e i, RO R R
KW Culy O LB IR AENE 5 AIN LT AEMRREIX 1)
DG ERIT R, 3G 9 BT A2 ] O X6 5 BR A
S HEITHLE R ER Cus OB G i@
AN TRV HIA o3 5 BT 5 246 A2 AR A, K A0 H 8
W hn.

SEH

[1] LiJ, Nam K B, Nakarmi M L 2003 Appl. Phys. Lett. 83
5163

[2] TaniysuY, Kasu M, Makimoto T 2004 Appl. Phys. Lett.
85 4672

[3] Chen S, You Z J 2016 Tsinghua Univ. 56 1061 (in Chi-
nese) [FRAT, JLBL 2016 iR F 54K 56 1061]

[4] Rodriguez-Madrid J G, Iriarte G F, Araujo D 2012
Mater. Lett. 66 339

[5] Shen L, Heikman S, Moran B 2001 IEEE Electron Dev.
Lett. 22 457

047101-6


http://wulixb.iphy.ac.cn
http://wulixb.iphy.ac.cn
http://dx.doi.org/10.1063/1.1633965
http://dx.doi.org/10.1063/1.1633965
http://dx.doi.org/10.1063/1.1824181
http://dx.doi.org/10.1063/1.1824181
http://dx.doi.org/10.16511/j.cnki.qhdxxb.2016.22.039
http://dx.doi.org/10.1016/j.matlet.2011.09.003
http://dx.doi.org/10.1016/j.matlet.2011.09.003
http://dx.doi.org/10.1109/55.954910
http://dx.doi.org/10.1109/55.954910

) I8 % 3R Acta Phys. Sin.

Vol. 67, No. 4 (2018) 047101

[10]
[11]

[12]

[13]

[14]
[15]

[16]

Ren Z, Sun Q, Kwonl S 2007 Phys. Status Solidi C 4
2482

Shen L H, Zhang X S 2016 Chin. J. Lumin. 37 927 (in
Chinese) [P, FREFRT 2016 KOG 37 927]
Mokhov E, Izmaylova I, Kazarova O 2013 Phys. Status
Solidi C 10 445

Yan Z, Wu H L, Zheng R S B 2013 Chin. Ceram Soc.
32 1468 (in Chinese) [FEE, B4LZ, AHid: 2013 HEERER
il 32 1468

Vande Walle C G, Stampfl C, Neugebauer J 1998 J.
Cryst. Growth 189-190 505

Han R L, Jiang S M, Yan Y 2017 Chin. Phys. B 26
027502

Deng J Q, Wu Z M, Wang A L, Zhao R Y, Hu A Y 2014
Chin. J. Comput. Phys. 31 617 (in Chinese) [XBZEAL, T
B, FER, AR, #%0 2014 tFHYH 31 617
Zhang L M, Fan G H, Ding S F 2007 Acta Phys. -Chim.
Sin. 23 1498 (in Chinese) [3KNIEL, &) ¥, T /% 2007
WBL AR 23 1498]

LinZ, Guo Z Y, Bi Y J 2009 Acta Phys. Sin. 58 1917 (in
Chinese) [#A7T, ¥EEK, HFHEE 2009 PR 58 1917)
Fan Y Q, He A L 2010 Acta Phys. -Chim. Sin. 26 2801
(in Chinese) [#£EH), FIKF 2010 YFLL 554K 26 2801]
Zhang Y 2008 Ph. D. Dissertation (Wuhan: Huazhong
University of Science & Technology) (in Chinese) [7k 5
2008 {20 s (BB b RHRY))

(18]

[19]

[20]

21]

22]

23]

047101-7

Zunger A 2003 Appl. Phys. Lett. 83 57

Yuan D, Huang D H, Luo H F 2012 Acta Phys. Sin. 61
147101 (in Chinese) [, B Z M, B'EE 2012 YRR
61 147101]

Wu R Q, Shen L, Yang M, Sha Z D, Cai Y Q, Feng Y
P 2008 Phys. Rev. B 77 073203

Korotkov R Y, Gregie J M, Wessels B W 2001 Appl.
Phys. Lett. 78 222

Ishihara M, Li S J, Yumoto H, Akashi K, Ide Y 1998
Thin Solid Films 316 152

Segall M D, Lindan P J D, Probert M J 2002 J. Phys.
14 2717

Li J, Nam K B, Nakarmi M L 2003 Appl. Phys. Lett. 83
5163

Anisimov V I, Aryasetiawan F, Lichtenstein A T 1997 J.
Phys.: Condens. Matter 9 767

Dong Y C, Guo Z Y, BiY J, Lin Z 2009 Chin. J. Lumin.
30 314 (in Chinese) [# £k, #EK, EHZE, $RT 2009
RGN 30 314]

Gao X Q, Guo Z Y, Cao D X, Zhang Y F 2010 Acta
Phys. Sin. 59 3418 (in Chinese) [/, FEEA, WHEMY,
K9 2010 PPHEEEAR 59 3418

Shen X C 1992 Optical Property of Semiconductor (Bei-
jing: Science Press) p24 (in Chinese) [Jh2%%fili 1992 -3
MR (Abnt: Bl L) 5 24 1T


http://wulixb.iphy.ac.cn
http://wulixb.iphy.ac.cn
http://dx.doi.org/10.1002/(ISSN)1610-1642
http://dx.doi.org/10.1002/(ISSN)1610-1642
http://dx.doi.org/10.3788/fgxb20163708.0927
http://dx.doi.org/10.1002/pssc.201200638
http://dx.doi.org/10.1002/pssc.201200638
http://dx.doi.org/10.16552/j.cnki.issn1001-1625.2013.08.002
http://dx.doi.org/10.16552/j.cnki.issn1001-1625.2013.08.002
http://dx.doi.org/10.1016/S0022-0248(98)00340-6
http://dx.doi.org/10.1016/S0022-0248(98)00340-6
http://dx.doi.org/10.1088/1674-1056/26/2/027502
http://dx.doi.org/10.1088/1674-1056/26/2/027502
http://dx.doi.org/10.3969/j.issn.1001-246X. 2014.05.015
http://dx.doi.org/10.3969/j.issn.1001-246X. 2014.05.015
http://dx.doi.org/10.3866/PKU.WHXB20071003
http://dx.doi.org/10.3866/PKU.WHXB20071003
http://dx.doi.org/10.7498/aps.58.1917
http://dx.doi.org/10.3866/PKU.WHXB20101021
http://dx.doi.org/10.1063/1.1584074
http://dx.doi.org/10.7498/aps.61.147101
http://dx.doi.org/10.7498/aps.61.147101
http://dx.doi.org/10.1103/PhysRevB.77.073203
http://dx.doi.org/10.1063/1.1335542
http://dx.doi.org/10.1063/1.1335542
http://dx.doi.org/10.1016/S0040-6090(98)00406-4
http://dx.doi.org/10.1016/S0040-6090(98)00406-4
http://dx.doi.org/10.1088/0953-8984/14/11/301
http://dx.doi.org/10.1088/0953-8984/14/11/301
http://dx.doi.org/10.1063/1.1633965
http://dx.doi.org/10.1063/1.1633965
http://dx.doi.org/10.1088/0953-8984/9/4/002
http://dx.doi.org/10.1088/0953-8984/9/4/002
http://www.fgxb.org/CN/abstract/abstract8530.shtml
http://www.fgxb.org/CN/abstract/abstract8530.shtml
http://dx.doi.org/10.7498/aps.59.3418
http://dx.doi.org/10.7498/aps.59.3418

32 % R Acta Phys. Sin. Vol. 67, No. 4 (2018) 047101

Electronic structure and optical properties of Cu-O
co-doped AIN~

Cheng Li Wang De-Xing Zhang Yang! Su Li-Ping Chen Shu-Yan Wang Xiao-Feng
Sun Peng Yi Chong-Gui

(Key Laboratory of Integrated Fiber Optics, Ministry of Education, Harbin Engineering University, Harbin 150001, China)

( Received 21 September 2017; revised manuscript received 30 November 2017 )

Abstract

The geometry parameters, band structure, electronic density of states, and optical properties of AIN before and after
being co-doped by Cu and O are investigated by the ultra-soft pseudo-potential plane wave based the density functional
theory. The results show that the lattice volume increases and the total energy of the system decreases after doping.
The Cu doping system makes Cu 3d electrons hybridize with its nearest neighbor N 2p electrons strongly. In the Cu-O
co-doped system, Cu and O attract each other to overcome the repelling of acceptor Cu atoms, thereby increasing the
doping concentration of Cu atoms and the stability of the system. Dielectric function calculation results show that Cu-O
co-doping can improve the optical transition characteristics in low energy area of AIN electrons, and thus enhancing
the optical transition of electrons in visible area. The complex refractive index calculation results indicate that Cu-O

co-doped system increases the absorption of low frequency electromagnetic wave.
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