4 I % {8  Acta Phys. Sin.

Vol. 60, No.5 (2011) 057101

ZnS 2 Ag 5 ZIn ZIRFERE T FER

Fri gR%" FLE W%

(MR HEE S AR, B 225002)
(2010 4E7 A 3 HUkF;2010 4F 8 H 24 HULFMEMHT)

RSO T 5 — P S B T IR 34 (PWP) F™ SRR BEIL L ( GGA ) 7k , X ZnS INBHI 25 AR B A p BLZ% 5T
Ag Al Zn 2 (0 A AEA T AL ALAR . 3T AR RTE ZnS MO HLF SR DS M BT, O ERIE 4R T
p 2 ZnS MELIE ISAY SN, TRANG AT 1 HP- Rl kS 8RB A5 M LT A R O A RO E MR . 25 SRR L AE Ag
BIRE Zn 240 ZoS RF i TORFERELLH I A5 S8 BEAT Brisi/IN, 76 AT WO IX L T BRAT B 18R

KRR BUILEE, BREE, A5, Stk

PACS: 71.15. Ap, 71.15.Mb, 71.20.-b, 78.66. Hf

1. 5 =

ZnS & T -VUgE 2 TR R} — b 3 22 1) 2
AR B AR RE R BT, ek Ly, #EnT
R ATHMER 3 BUER S, Zis 5 M kR
HLECROG I AL . AR R A OB Re A R
UM GARONE LA R FL B K SE TR, T T2 M v H
RGN H g A b, A R RO R K
ST (LED) A 5 21 SN0 38 14 A i
TN fEIRRER LU R RO Tz Y g
R, N [ N AMIF T 5 0T & B Bk (Bl T
ZnS EAME n B SR ARMEE L B A4 S8 p A
U BAE G USUAR 22 5 T N FH AR 32 31 T BR ], X
F ZnS 1) p BRI IR & — A BHIFMERT, )2 To 8
B TAESE — B RS i — A E By ). 5 — 1k
JECHRIE Sk B )12 B TR AR AT
BRI FH 2R — PR R B DO ST T 8 T ZnS R 145
PRI G 1 ST AR SCOKE 2k 5 R FH T T I R
(PWP) J7 ikt ZnS INBER 25 AR 3B A p B J4
Ag I Zn 25 (8 S UEA T 25 R A AR AL B, 3138 T =
FREBL T ZnS MR HL 7454 FOG2E PR e, W ERE
BT p B ZnS MELUE R A, 8T T 4B 4%
JERIRE A AR E R R F R ES
JERURDG2EE R, 25 A SE 96 25 5t Fe AT 48 24 i

# VLR R H (HEHE S : BG2007026 ) %% Bl A iRAE.
B YN E-mail ; xhzeng@ yzu. edu. cn

(€2011 FEHIEEFES Chinese Physical Society

(5 ), M ROMALER b A 1 R 45 AL A
PREUE TR Z (8] I R | iR TR R A AOLHLEE,
15 s R A ZnS 4R IT A S (BRI A
FEtE T

2. WWHEMA 5%

2. 1. itE&EE

AT INEE 458 ZnS HATHE, BB T F-
43M(216) Z5 [, MAE W 8" a = b = ¢ = 5. 4093
A a=B =y =90°, TEMRI LRI 1/4 4 S T,
ST FIS AL Zo BT B NG 4
A Zn R4 A S J5F-. B4 5B e 2

x 1 x 1 B CIE 1R, X g iy
XFFRPEREAG A P12 [ BE. BRI NS 8 4 Zn &
T8 A S T, B, Ag Ji T H BT
[0.5,0.5,0.5] 1) Zn Ji 1 ; BeFa R, HE2 5Bk (0.5,
0.5,0. 511 Zn JEF B s . BFG IR R 54,
[ei) et S5 A AN ) ) L TS B, T DA A AL BN 4%
FpIEF AT G B2 , TRATHG S TR F s 5
ST AR 4 A S T —2K (FRidh S2,S3,
S5,88) , Hifth 4 A~ —2K (FRidh S1,54,56,57) ;
Zn JEF 4y U Ab B AR T A A 12 (bR
ICHR Znl) AL OA 1) LB ) Zn TR

http ://wulixb. iphy. ac. cn

057101-1



4 I % {8  Acta Phys. Sin.

Vol. 60, No.5 (2011) 057101

25 (ARiCH Zn2) ,AbF OBC I A 5 HAEA 7 1 AY Tl
L Zn JEF (FRig 2k Zn3) K56 28, HABY Zn J5T
(FRICH Znd ,Zn5 ,7n6 ,7Zn7) FEE IV 2, ILhRic 7
553CHR[ 14 ] ZnS BYHE ST AR— 30

A

c
B

0
El 1 INE ZnS 8 Ag 02 x 1 x 1 #E s H A

2.2. HEFZE

RSO (PWP) MK 33 0 12:, %o [N A
W S5HI 1Y ZnS AR 45 Ag F1 Zn %3 (LB 1 b
(2 x 1 x 1) AT 17U ORI 5, 32 -Gk Ak
FHT SUBR BE T 8L ( GGA ) ™ il A 1 1445k
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LA 08 R, Zn (1) A9 FEL A 50080/ )N, IX F 22l T
Zn ZEAALEREE S IR AEFE AR B I F S B0 X
T Ag B ZoSiw ,SCI) o faf A8 fh B Kk
M S L) MR ARSI Ag B s v fir by
-0.02, [t Zn 5719340 AU, XX UL Ag 1Y
AL LG Zn K, TR EZR 25 HL . OA J7 [l s |

B Zn( D) 76 Ag B4 Zn 23 AR R | BFAT L far 1
Fef/N, UL A7 B 1Y Zn JR X2 0 5 48 24 1 R
IO dRc R, 3K S RO AE 5 2% 5T i B A Bl /R 1Y 8
A Zn JE ) FE (100) HOEAS YA B, B Zn
(1), e (010) M % PO A Ji - 5 Ho A Ji 5 7]
(Y AH EAE 5.

F 1 AR Zn 200 Ag B4R ZnS AR Mulliken B3 435

LHiES BT s p d JEv HLAT /e

Ak Zn 1—8 0.56 0.99 9.98 11.53 0. 47
S 1—8 1.82 4. 66 6. 47 -0.47

(1) 0.51 0.94 9.98 11.43 0.57

Zn 2(1) 0.71 1.01 9.96 11. 68 0.32

Zn 233 3(ID) 0.53 0.97 9.97 11.48 0.52
4,5,6,7(IV) 0.58 0.98 9.97 11.52 0. 48

S 1,4,6,7(1) 1.83 4.62 6. 44 -0.44

2,3,5,8(1) 1.85 4.53 6.39 -0.39

1(1) 0.55 0. 96 9.98 11.49 0.51

Zn 2(1) 0.57 0.98 9.97 11.54 0. 46

3¢ 0.56 0.97 9.98 11.51 0. 49

# Ag 4,5,6,7(NV) 0.53 0.98 9.98 11.48 0.52
S 1,4,6,7(1) 1.82 4. 64 6. 46 ~0.46

2,3,5,8(1) 1.83 4.60 6. 43 -0.43

Ag 1 0.65 0.58 9.78 11.02 -0.02

K2 WHEIM T ZnS AR Ag BAH Zn 2 A
ZnS PR 25 P s [ B9 B R A A i 1) 20 A 15 O
MRATTLUE i, Zn—S HERKIFEA Kl 26 B =
PERAFAE P A R ORAE L, SA R 2 B T
Pl/INE AL T3 i A2 AR 3 208 Ag Ml Zn =
2 ZnS MR FR AR KA B IR 22— fEL3 Fof Al % Xof
AT RS RS AN R B A R (E A K AT L]
SR W 25 b A i 1) T R 3 O R A R 5 IE B
REHIRF R SR B 2, i 2 OB A, i Y B A
JEAE TR 3 6 B R B A T i T A ) R A

SR B T8 BAE sk, Nl LLE
H AR Ag BARA Zn 254 ZnS (R R P K ZH
Zn—S S T S AR RS RK, & RN BERE A B T 1
NA MM AE Zn SRR ZnlV—S T 8 7R
JEAE S BT A A R A e (B e/ A — 2, X 1l I L
BT ETE AT A B Zn—S HE b i R [R5  Zn
VIS F 402 B F7E Zn 25057 ZnS 1K & S PEfE
05 TR AR . AE Ag Bk &b Ag—S T 42
A FEAE A 0. 37, /2 BT A A0 di A5 & L /N —
A, HoE iR,

F2 KM B Ag 5 Zn S0 ZoS BRREEEN R B AR
i Zn V—S 1 Zn 1—S 1 Znll—S 1 ZnIVN—S 1T Znll—S 1 Ag—STI
Z NN A SR A 0.51 0.51 0.51 0.51 0.51
/A 2. 34021 2.34021 2.34021 2.34021 2.34021
Zn 250 A 0.43 0.55 0.44 0.59 0.53
/A 2. 36280 2.33832 2.32967 2.30910 2.32681
# Ag 7 0. 45 0.49 0.51 0.52 0. 49 0.37
/A 2.36025 2.35681 2.33978 2.32579 2.33949 2. 47435

057101-4



4 I % {8  Acta Phys. Sin.

Vol. 60, No.5 (2011) 057101

3.3. EMR
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(A LI R AN AT PR 1) 337 BRAE 77 A 9 7 e
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ZnS AR H F LM FRATAT 15 fEGER{E N 4.8 eV
BRHUT Y06 3 =85k H S3p Al Znds B 8] O ERAT , AE
AN 6.3 eV g2 T2 H S3p Al Zn3d HLiE[H]
FYBRIT 16 1 BERZA N 7.5 eV FEHK [ Zn3d Fl1 S3s
HUIE R ERIE .

X F Zn 23050 ZnS AR R, T Zn 23 L IAETE
FE 1. 9eV BT BE T 4258 A A i e, X B Al
HL 1) 25 (S RERER A 7= AR A, (A5 Fi 0G4 i 381 ]
WIEIK ] WG X P BRAE R KI5 ZnS AfAk
AL A HL I B T 2088 I 2 FIN0G 3 38 B A BT
IR I RARAE T B T WS 0 1 A A TR
55, (HLIGEA A R R ARk

YT Ag B InS KR, T Ag R FHI5IA,
FE2.0 eV BRI T —AESR A/ B G aX FER
HI T34 L 20 ol T00 RS0 1) 2% I e R BK A A
(. 5 ZnS ARA L, 16 3 PHE o5 440, 04 2 FIig 1 58
FEAT a5 , W I AT R K AR Ak HAE AT ILOG X
FBRAT B 4.
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Electronic structure and optical properties of Ag-doping
and Zn vacancy impurities in ZnS”

Li Jian-Hua Zeng Xiang-Hua® Ji Zheng-Hua HuYi-Pei Chen Bao Fan Yu-Pei
( College of Physics Science and Technology, Yangzhou University, Yangzhou 225002, China)
(Received 3 July 2010; revised manuscript received 24 August 2010)

Abstract
The geometrical structures of Ag-doped ZnS, that with Zn vacancies and pure zinc blend were optimized by means of
plane wave pseudo-potential method ( PWP) with generalized gradient approximation (GGA). The electronic structure
and optical properties of the three systems were calculated and the reason why p type ZnS is difficult to form was given
theoretically. Equilibrium lattice constant, band structure, electronic structures and optical properties were discussed in
detail. The results reveal that,in Ag-doped ZnS and Zn vacancy systems, due to the introduction of the defect level, the

band gap is reduced and electronic transition in the visible region is obviously enhanced.

Keywords: ZnS, impurities, electronic structures, optical properties
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