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First-principles calculation on the electronic structures and optical
transmittance of Al;O; codoped with Co-Mo
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Abstract: The electronic structures and optical properties of intrinsic, Co, Mo doped and Co-Mo codoped
Al O; compounds are calculated by using the first-principles plane-wave ultrasoft pseudopotential meth-
od based on the density functional theory. The results show that the binding energies of Mo single do-
ping and Co-Mo co-doped Al, O; are low and easy to synthesize. Both Co and Mo dopings belong to the
n-type doping, which can enhance the carrier concentration of the doping system, and thus improving
the conductivity of Al;O;. The impurity levels of the doped system are mainly composed of co-3d state e-
lectron and mo-4d state electron, which are the intrinsic factors that affect the optical properties of doped
Al, O, After doping, the absorption spectrum is redshifted and the optical properties change mainly in a
low energy range. The transmittance of the Al, O, film in the range of 200~800 nm is about 92%. The
transmittances of the Al,Os; doped by Mo single and co-doped by Co-Mo are as high as 93~98% in the

KR EHEA: 2018-11-03

E&WmB: HEmTSs ] SERMFE H (18Y03,19Y06)

EEBN: HXEA987T—), T, BHbEX A, Bit, EENFERSYHHSE. Email: 3103846203@qq. com
BIRESE: FHEE. E-mail: 472182110@qq. com



136 W KFFHCA RAF R

%57 %

band of 600~780 nm. In the short-wave ultraviolet region of 200~280 nm, the transmittance of Co sin-

gle doping can be as high as 95%. Therefore, three doped Al,O; can be used to prepare various optical

transmission films.
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Tab. 1 Lattice constants and binding energies

i

%

5

Al O3 Co-Al, O3 Mo-Al, O3 Co-Mo-Al, O
a/A 4811 4,817 4, 850 4, 864
b/A 4811 4,817 4,850 4, 864
/A 13.120 13.135 13. 296 13. 298
V/A3 262.8614  263.884 270. 842 272. 405
Et/eV 0. 766 —0. 898 —0. 399
3.2 BEREMMEERESW

B

& 2 BAE K #B4% AL O BEHF K, g T4
My BEBFR K BE R BT IT (—6~12 V) I REAT 4544,
Kl 3 BAE Je 4B 2% Al O 153 259 BE L 1% B BE B
—20~10 eV [X[a]. MK 2(a) a] LK IR, AR NEAL O,
YA TOUER -t R AR AR H L G L B AL O S
BHIEFBE AR, HAT S E,=5. 96 eV, X 5
TR NS (R R E e &/ N R T BBk ~ 3|
3(a) KL M F Bl Al-3s il Al-3p 4H . il
M43 A PHAS X, B (—7~0 eV) FEH O-2p
BHL L PN (—18~16 eV) M H O-2s A5 H,
FLHRM. ME 2(b) ., (o) AIAL, SARAE AL O M L,
Co.Mo 14842 Al O, 3277 4549 5 Z AR AL, fr i X
BOPGE S B A T R O BAE AR
AZRTTRED » TR BE AN X FE T 3407 L I B AT B
T n 85 Co-Mo 42405 , A B RES S 45 T 0

& [ EAT Co, Mo BB A2 R gt R 1k, 38 i
WA ARG B o S BRI, AR T RE 2 2
Co-3dAHLF M Mo-4d & FAL, HB AR T
5 FEAE DOKTHI i Y A — U L iX BRI s
Ak R BB TR EE i AL O 19 L, Rt
Co.Mo &Ml %K AL Os A iE B4t R, sk,
Mo Hi382% Al, O4 i), Mo-4d 25 H1 78 28 K 1| DL T
FEEH PR B S s AR AE — 11~ —5 eV Hl
—1~0 eV, XM HE 4 5 O-2p & FHH 5 AE

F 45 O-2p 257 BE 20 W8 43, 1h e 7= 2
aae. [ERE, JEB 2R, Mo-4d 5 Co-3d M EAEH .
Co-3d a5 R WS4y, R , 76 2R K B i Co-3d
AL TR 2 B RS R A Z A R
i IXUSEB AR AL O; o2 T AR AR S A,

4
3 —
2 —
% oy
5] &
g 2,
S "-‘_2
3
: —
- 4
G F Q Z G G F Q Z G
N © 3 @)
_—— T~
22— 2 | =
[ ———a . — —
NI — zi T | ™
[ S w— S Rt
5 0 e —
5 -1 — 5-1
22| 2
3 3
-4 -4
G F Q Z G G F Z G

B2 AMEAHKE ALO W A . () A4 ALO;;
(b) Co#4e ALLOs;(c) Mo# % AL Os; (d)
Co-Mo #4452 ALO;

Fig. 2 The band structures of (a) pure Al,O;; (b)

Co doped Al; O;; (¢) Mo doped Al, Oy (d)
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