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Abstract: The electronic structures and optical properties of intrinsic Co, Y doped and Co-Y co-doped ZnO
compounds are calculated using the first principle pseudopotential method of plane wave based on the density
functional theory. The results show that the conductivity of ZnO can be improved by Co and Y doping because of
the increase in carrier concentration under the order of magnitude of the doping concentration in this paper. Co-Y
co-doping leads to degeneration and makes ZnO metallic. Co-doped ZnO can show enhanced light absorption in
the visible and near ultraviolet regions, while doping with Y enhances absorption in the ultraviolet region. Co-Y
co-doping greatly increases the absorption of visible and near ultraviolet regions because of the synergistic effect

between Y ions and Co ions, which can be used to prepare the opto-electronic devices.
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Fig.1 Model of Co-Y co-doped ZnO supercell



7

JEVESF , Co-Y FuB 2% Zn0 Y6 rL PE IR A9 25 — 1k R BT 5

1185

EREFEOR THBRWEER 6.25%0 Y 155
Zn0, AR AR Q08 UK B 6.25% ()7 F 53
BB Zn0 450  TETHR Z AT H SEX AR FDTR 2
2411 ZnO HEAT LT OEAL | 3248 4% ZnO 8 Fh AT Y 40
B 1 s B IE ik B2 R 12.5% 348 7% Zn0 25
¥y, HRBET Co A1Y B9 3 FECALUEAT T X It
B A1 R AR (1), IR AR (2) M 4B (3) .

A SO I TR T AR t T B s e
(DFT)HY CASTEP A6 58 1, % 7454 473155
IF SR FH B4 2 OF T U R AT i, R SO B O R
(GGA)Y PBE 1z pRi &b 3 H 8] Y 3¢ #0 JCIBC R | 156 X
AN HL - 20 35 53 5 . Zn3d4s? 0252p* . Co3d 452,
Y4324p64d10§’i€ﬁﬁ 4x4x2 H) Monkhorst-Pack 75k K &%
Xf A HUIH X R 3 | e AR AR ) 5 &5 o) b AT 7
fI 1 #K T AE M E,,=400 eV, BIE TR KRG
F I SEORS B R 1.0x107° eV/atom, N R 7 W SEOKS FE
0.05 GPa, fEHITEB AN ¥ L2 I AKRT
0.03 eV-nm™, J&FHE KA BIEESHRHER 0.001 nm,
TR ZAT, Sext S as f EAT T R4 AR i oA
Ko i

2 HR5WR

2.1 RSN
BAHTE ZnO &ML OE 1L IS 8313 45 2R

R 1 R AE ZnO M AR DAL S @i 5 5 o A1
¢ 47 0.665 F1 1.059 nm, 5 &= & #E G TH 545
FAHFF, #E Co BB A ZnO J7 b IS B0 & i A4
A /IR FE BN T Y BB A Zn0 23 00 i M S R
i SR TS Z ARAE ZnO WA G K, 7 Co-Y B4
ZnO B S H50RN & P FRET LG AR A B R, Ak T
Co I Y HUBIF Wi Z ], H B0 30 o 245 5 1) it R 2
Y¥* Zn? 1 Co* B FF A2 AN [ (0.09 nm>0.074 nm>
0.072 nm),

2 WEALIE ZnO £ IR 8 S 4R T 4, H
A R B O (B, R 2 WA X T ARE
Zn0,Zn JET-F O JEF Z [0 A A5 P L 4 45 24 fili
TR A H fof FOB A0 BE AT AR R4 2 T T 0k ) LR
T A AR KSR TR 2 W LAAE Y X B
Ji SR SF ¥ )5 18 2 R R Y Zn-0 A AR R BRI 6
AN TR 5 S Co Y B Zn 55 A
Bl O KAAMER, AR J7 1) b s 5 55 AN [
BIR R Co-0 HEFN Y-0 #5 Zn-0 #EAH L, 767
F1F ¢ S b, SRTRBUE/N | R i A0 M o
55, B FHERGR A T B L AR R
B IE A PR3 g 5B IR RA L, Co-Y k4B
A5, Co i F R EEE /N Co-O HEE F YR N,
B Y BB AN T Co AR H + = % X Co
BT EAEEN

F1 AEMBZEZInO BRBRAUENRESH
Table 1 Optimized lattice constants of intrinsic and doped ZnO supercell
Configuration a/ nm ¢/ nm cla V / nm?
Zn0O 0.656 3 1.059 0 1.613 0.3951 19
Zn0-Co 0.656 2 1.059 0 1.614 0.3949 47
Zn0-Y 0.664 9 1.067 9 1.606 0.4090 23
Zn0-Co-Y(1) 0.661 3 1.068 9 1.616 0.4043 39
Zn0-Co-Y(2) 0.664 7 1.065 4 1.603 0.4074 74
Zn0-Co-Y(3) 0.664 2 1.065 1 1.604 0.4075 39
*2 MUWBEAREFMB S ZnO &EFE K Mulliken EEEFH
Table 2 Mulliken bound populations of intrinsic and doped ZnO after optimization
Model Zn0 Zn0-Co Zn0-Y Zn0-Co-Y' 7Zn0-Co-Y? 7Zn0-Co-Y?
Zn-0(1l) 0.43 0.42 0.41 0.40 0.37 0.37
Zn-0( L) 0.39 0.38 0.36 0.37 0.37 0.34
Co-O(ll) - 0.38 - 0.33 0.32 0.29
Co-O(L) - 0.42 - 0.36 0.38 0.38
Y-O(ll) - - 0.42 0.37 0.42 0.42
Y-0(L) - - 0.46 0.46 0.46 0.46
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Fig.2 Energy band structures of every ZnO system
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Fig.3  PDOS of every ZnO system
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