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Fig. 1.

Calculation model: (a) ZnO wunit cell;

(b) Zn0‘9687Y0‘03130 (2 X 2 X 4) supercell;

(C) Zn0,9583Y0_0417O(2 X 2 X 3) supercell; (d) Zn0A9375Y0A0625O(2 X 2 X 2) supercell.
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F1 JUTRALTEN Zng _, Y. O (z = 0, 0.0313, 0.0417 F10.0625) FR (K4 & SR S5 S AL B AR RS
Table 1. The lattice parameters, volume, equivalent total energies and formation energies of Znj_,Y ;O
(z =0, 0.0313, 0.0417 and 0.0625) after geometry optimized.

a/nm b/nm ¢/nm V /nm? E/eV E¢/eV H

70 0.3289 0.3289 0.5308 0.04973 —4295 — A
0.3254 0.3254 0.5212 — — — Sz [33)

Z0.0687Y0.03150 0.3318 0.3318 0.5340 0.05091 —4199 0.49 ZISEH
0.3255 0.3255 0.5213 — — - Sz [33]

Z10.0585 Y 0.04170 0.3327 0.3327 0.5351 0.05129 —4168 1.45 ztx;;
0.3256 0.3256 0.5213 — — - Sz [33)

Z50.6375 Y 0.08250 0.3346 0.3346 0.5372 0.05208 —4105 2.47 zki,
0.3258 0.3258 0.5218 — — _ S [34)

4.2 WEESEK

97 B0 SLAH 0 U AE Y 154k ZnO R
AN, TSI A R R, 35 2
RO B (population) A7 T HE. HHB MK R
SPATF o W7 Y—O Bk AT 5T 1 ol
MY ORI AR H 4RI T4 2h. A
B PR 47 B T s S0 1 36 P 2 07,
AR, JEHBEARTE, A0 (0, BT
B WA WL H, Y SRR, AT T o
YO BT R IR b, SR, BT
R, A BT oBI YO BRI
Wb, JE RS, BT RN, R, X
FBIRBRD, Y HH 205, Pk T S RME AT,
AL 2 o O I (P, KA
TRBE. AR, Y SRR, 1
R, BT R 3E, S50 TS, B
K.
K2 BRMERNATEESRK

Table 2. The population and bond length of the dop-

ing systems.

eyt aiopam| & #K/nm
o LWL o o
a0 U o0 o
R

4.3 BEIRFEInOEZSBEER

> M B A T 5 ZnO 22 73 FUA B EE 0 A
K, ATRLE IR R 5 T8 Y 5 2% ZnO J5 18
AT 2 EE L. R T ZnO

B A Zng o375 Yo.0625 O ML A4 5 (002) 1H ) 2 73
LT 2% A, SR WE 2R, 5 ARB 4 Zn0O
g ) Zn JR ¥ 5 O Ji 7 2 [0 B 7 = A FL A,
Zng.9375 Y 0.06250 BB R P Y J5 15 J& 1) O
JRF Z [ B H = B gk 55, LRSS, &1
WO, BRI AARE. TR REMEEMEK
I3 aE R UL S4B Ak R B R Mo i 45 B AT &

a) i _ (b) ZaE

2 Y 4% ZnO §iJ5 7E (002) T ) 2 5 HL T 55 & o0 A
(a) KB4 ZnO; (b) Zno.9375Y0.06250

Fig. 2. Electron density differences in (002) of un-
doped and Y doped ZnO for (a) undoped ZnO, (b)

Zn0.9375 Y 0.06250.
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4.4 BL

SCHR[38] 4R tH: MR IR A E RN T
1018 cm 3B N N IR B A4, U TIRER
BERZRKTHET 108 cmn 3B I N E =B
A Sk @l U g5 Ak S BT BLTE
RENY 5 9% ZnO 7K R I8 BUK JE, Zno.oes7Yo0.03130
L\ Zno.9583Y 0.04170 LN Zng 9375 Yo.0625 O
L1 2% 3R B2 43 0 299 1.23 x 1021, 1.62 x 10%,
2.40 x 10%* em ™ (BA MR HI 73 01 B AL
IO G AR R EARF G5 ). THE SRR, B
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I (15 2 1R R 200 15 2% (K n B ) R AL 2
AR WD R RE 405 440 A R B AR 7 5 R BB oK e
PRI FRE LI BEN T 37, 2 — W IR AIEAE A SRR
SEMIBIRIKEENEH A, Y 825 ZnO th RN =5 A
() n BRI AL SR

4.5 ‘mIINEFTHR

KH GGA+U J7EX KB 7% ZnO H L LB
I 5 Zno o687 Y 0.03130 ML Zng 9583 Y0.04170 i i
A1 Zmg.0375 Y 0.0625 O 8 MU (1) BE 7 &5 M AT 15
23] T KB 4 ZnO 1) B A Zng 9687 Y0.03130
s Zng.9583 Y 0.04170 #8 B AN Zng 9375 Yo0.0625 O i A
Mg /NG 2R R, B3 B, R RE R S 2
KEE. HEETWES (b)—(d) \TLAEH, BaER
FITOKBEHII A FIFE RN T 37, BRA R

25
(a :7&_,\
20 %3/§
. 15 %D?
ﬂﬁ 101 ——
& T
5 -

G F Q z G

3 ENEEAW M
(d) Zno.9375Y0.06250 i
Fig. 3.

RIS B R BE ISR, SBRER T
A2

H AR 42 9% ZnO 51 e 7 1 3 (a) AT LAE H,
THAAR B BR8N 3.37 eV, 59 3.37 eV 7]
MFEE. MWNE3b)—)TUEH, BRER
Zno.9687Y 0.03130 #8 Ml Zng 9583 Y0.04170 8 T A1
Zno.9375 Y 0.0625 O 18 ML F B /1N O't 27 17 B 96 (n 2
Fe AR, /NG R TE B S i i TR 9 oK e
eI 95 ) 43 A 4.15, 4.33, 4.63 eV. BAIKR T
I /N B U FE 3 R T R 4B % ZnO BRI A7 B
B, BEITY B A G N, e O S B v R
A, 50K [21] LI A R RGBT S, £
A E T, BT R B AR R R
IS RE A% 51) 51 S fi /> ol 2 iy It 30 PR A i O AT LB

(b)

(a) K %% ZnO; (b) Zno.96s7Y0.03130 WML, (¢) Zno.9583Y0.04170 HH H;

The optical bandgap for (a) undoped ZnO, (b) Zng.9687Y0.03130 supercell,

(€) Zno.9583Y0.04170 supercell, (d) Zno.9375Y0.06250 supercell.

4.6 BREIRFRTESEE

EHTHEBRKBXMET, WHET KB
= ZnO . L K 4B 7% J5 Zng.ges7 Y0.03130 .
Zn0.9583 Y 0.04170 8 L 1 Zno 0375 Y 0.0625 O 48 ML [
A S A, I A FE S FoR. I 4T LLE
i, A s 2 B Zn-3d AT O-2p $1E 2 8] 1 44 40 AE H

TERCHT, Horp, s T el O-2p LB Y e, T K
In-As PUIEGE, THE TR N 3.37 eV, 5
SU6E 3.37 eV BU M &
EHFHEWRMALENZET, SIA
B R AR R o B R o A oy AT T A,
13 3 Zno 9687 Y0.03130 8 Ml Zng .o583Y0.04170
L1 Zmg 9375 Yo.0625 O 8 B (1) 73 % 25 %5 BE 43 A7
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d-d 5 pd A2 K 58 43 B AT R AE 52, 45 ol /W\\
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é%?‘#}‘i&”ﬁf ZDO.9583Y0.0417O Xﬁ@ﬁ‘] E’%?ﬂj& é:( a0l M\
K, 43 d-d 25 KA L 25 P R A 11 PR Rk /> 6 5
TFASKCE N 80, - A5 A 44 A0 RS 2 15 PR Uk ; E—
SRR TAMHE 121 FHE, ZngosssYo.04170
XﬁE\“AE‘JE%?#&%&@Z% Zno_9375Y0_0625O Xﬁ&a‘] '5'\ ol = 710)—”\:5 s .
BT, 19 dod 25 1M T2 A0 RS 4 1E PR .
BT A5 H 4 80, p-d 5 (M T 4 AU A8 416
FEARR /D 4 0 B T A 3 H o 121, f Bk i o o T —— =
SE BT R, Y BRI, B2 R p-d 25 Lop e T
(ORI 25 A 2 P B AR 7 B .ol N
b - 25 FROAT T 28 AR 4 PS5 P DR A B T 25 2 z w0f o
e, B p-dl 2 e AR T A P P R/ B A 2wl /\///\
T d-d RS A AR P S N B TSR DAL, ®
Y B2 BN, A R R ST [ B g 2l v
I, T SBCT 5408 RG22 BB AR 5
0 — TN
6 - Total —15 —10 -5 0 5
it /eV
’ K5 BAR RIS A
) ‘Z — Figt. 5. The partial density of states for the doped
g /\ ________ “n systems.
R0
Eﬁ s \/ K3 BRERBNETSEH
, M — 8 gp ST;t;Zn:ss The number of quantum states of the doping

0
\Val -
2 80 d-d jii p-d Rt
B o< Y = )
— — S BTENE BEFAMH
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Fig. 6. Absorption spectra of the pure and doped ZnO.
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Abstract

The studies on absorption spectra of Y-doped ZnO have presented two distinctly different experimental results,
which are the red shift and blue shift on the optical bandgap and absorption spectra when the mole fraction of impurity
increases from 0.0313 to 0.0625. To solve this contradiction, the calculations in this paper are carried out by the CASTEP
tool in the materials studio software based on the first-principal calculations of norm conserving pseudopotential of the
density functional theory, and the geometric structures of ZnO, Zng.g687 Y0.03130, Znog.9583 Y0.04170 and Zng.9375 Y0.0625 O
systems are constructed. By using the method of GGA+U, we calculate the band structure, density of state, electron
density difference, population, orbital charges and absorption spectrum. The results show that with the doping amount
increasing from 0.0313 to 0.0625, both the lattice parameters and the volume of doping system increase: the higher
the total energy of the doping system the higher the formation energy of the doping system is, thereby making doping
difficult and the stability of the doping system lower Increasing Y-doping concentration weakens the covalent bond,
strengthens the ionic bond; as Y doping concentration increases, the Mulliken bond populations and bond lengths of
Y-O parallel and vertical to c-axis decrease for the doping system. Meanwhile, the more the Y doping content, the
wider the optical bandgap of the doping system becomes and thus more significant the blue shift of absorption spectra
of Y-doped ZnO systems will be. The calculation results of absorption spectra of Y-doped ZnO system are consistent
with the experimental data. And the contradiction between blue shift and red shift of absorption spectra of Y-doped
ZnO system is explained reasonably. These results may contribute to the improvement of the design and the preparation

of short wavelength optical devices from Y-doped ZnO.

Keywords: Y-doped ZnO, optical bandgap, absorption spectrum, first-principal calculations
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