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Abstract

Based on the density function theory, we have performed first principles calculations of energetic
stability and conductive properties and electronic structure of Ag incorporation on ZnO (101 0)
surface, and after calculations, we have analyzed the relaxation of the structure and formation
energy of Ag incorporation on ZnO (10 1 0) surface at different layers. Our results show that com-
pared with pure ZnO (10 10), there is an obvious effect on the relaxation of the structure for Ag
incorporation on ZnO (10 1 0) surface. Simultaneously, we found that the formation energy of the
Ag incorporation on the first layer is the lowest in all cases. Therefore, Ag incorporation on the
first layer is the most stable, which indicates that Ag atom prefers to collect in the surface layer in-

stead of the bulk. And we found that the system for Ag incorporation on ZnO (10 1 0) surface de-
monstrates as p-type, which is in favor of fabricating p-type material. However, the ionization of

Ag incorporation on ZnO (10 1 0) surface is much higher, which hinders the electronic ionize.
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ETHEEZRER, RAE—HEHETE T AgRAZNO(10 1 0)HE K JLATE WA S KB T4, 4
T AgBZZn0(10 1 0)HIMRE LB FAgR AZnO (10 10)RFEEHTEREEE M. HEEREH:
AMAFHZn0(10 1 0)AHEL, AgHRAZnO(10 10)ZE&WHMBEILEE. FEF KM, AgHkAZn0(1010)
FE—RHNERRRIE, Bit, AghNEE—BHBRBRRE, XRPASETFTERGEFTERTRE, WA
& EEENALE . Bl AR NS R G RNSEEE IR, AgikAZn0(10 1 0)RERI ApEIFHE,
ERTpRAHE. R, AgkAZnO(1010)FE—ENELeER =, A TpRl S,

Kiid
BN, SH—HRE, BFLEH, Zn0EH

1. 53|

ZnO St HAPRIRLEAG |72 N U 52 2 s A . SR, BEE R T 00— BN, R IR i
BREGEM p & Zn0 —HAA TR . EER B T4 Zno RN n BUAEE, Wik T A AM2/ER . &5
fege, DARARKIVERRRE, S50p B ZnO W Hl 2 A X RAE[1] . BRlitk, 1R 28t 4R AR 2 A 17 %
EfRJOXA TS B, REFALRHLBIIEAE p B ZnO. filan: Ag[2]F1 N[3]. J&RIEZ KT
TN 1] REHE R R IR 7T . Tae[4]5 AF UK EL Ag JRTF# N ZnO £+, Ag JET 535 Zn R
it ReG, T HIX S 4477 AT AU ZnO SR e B T . Fan[5] [6]5F AR I Ag 544 ZnO w#ifis
AT DA & RSB . YA RV AR SR JE o Xue[7]55 N 3508 SR 565 47 s I R A2 0 56 11 B B 3 e Jee
il % Ag 4% ZnO AR BRI Ag 52451 ZnO JERE(E 3 6o m kK M sl (HEEE Ag
WRPE IR I S K% I 17 . Duan[8]45 i@t #ill % Ag $52% ZnO M AL, ZnO s Ag HEAEH &
PR BT RSR, 115 Ag 1S3 IR EE SRR SR T AETS ZnO VIR AN RN I 5. IR T
Ag B4 ZnO MR G RR Z & HE0 e, Fibh—E R AR sz —[9]. (22, BTFImBmn
T AR, 4ivg ZnO R M AR &, i B Ree MEAE LLRIE, i {#43 Ag kA ZnO(10 10)%
T F 4 LB 78 /D

AR SCRFH 88— 1 R B L T RV bR RS MRS X ZnO(10 1 0)ZR T 1) ) LAR] 45 # A e 1 S5 MR 4T 1 A
T TE RS A E] T ZnO(10 1 0)3K 1Hi 1 45 #4 th 3 A Z R 1 1) T sRL M B JBIEXT Ag JR-T-7E ZnO(1010)
RIHAFHRNAL B T B TXT EE 04T, 15T Ag #A\ ZnO(10 1 0)ZK [Hiff) 5 FHLEE .

2. HEGEMTERE

B B H AR AR 2 2 T B2 bR B0 1) 58 — 1 S ER T S RE P D LE Vienna Abinit Simulation Package
(VASP)[10] [11]4RHE R % FEz it . RIS CERE AN XA EELN(GGA) . THESHR BRI
if 1A LK X 9 H Monkhotst-Pack 77758 4 x 4 x 1K st 784y, P I IR 66 A 400 eV ATE I
JE At ¥ E B JE 7 2 8 KT 0.01 eV/IA W5 S IE. BrA SR R IH 2 )2 Zn0 4 FlE e, i
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Ag i\ ZnO(10 1 0)F T ) 55 — 14 S #E A 5T

1Tt TR . ISR — PR R ERAE SRR /NI DL B R AL S M . S TR BTSSR, TE MR R
HATERS S

TEARSCH, FRATE M T 2 x 2 1) ZnO(10 10)3K M. 41 ZnO(10 1 0)Z 1Hi H—Herh 6 /2 ZnO 41k
(7 (slab) KA. 7 FH LS 24 > ZnO 43 T (2 4 ) JE LI T47 T 21 19 75 170 I BRI 39144 g o
Mg, A A 10 A MES, LDUERRPARPIGEEZ M AHEER . W 1R, Hd, B2 58
TECZE WUE. TEUEANES A 1. 2. 3. 4. 5. 6. BEAKREE: B2 B2 8
VU Ayrhia 2, 7EiX B, SIEMENZEEE, I HERN SN T 5o B s, e 2
JETEA IR . Ag HR\ ZnO(10 10)ZR AL B U] 1 FTs « Ag $B A E 55 — J= (ln A 47 B) BT A 584 1(model 1)
Ag B2 58 )2 (I B A1) 1 AR 2(model 2); Ag 245 =2 (1 C A7 E)id NEAL 3(model 3); Ag #57%
EVUE (N D 7 E)id N R 4(model 4) .

3. {R511E
3.1. JLin&EHa

s s, R R MBI R 2 FR). R RIE 1R, SaE 1M 2 Kl fig
% ZnO(10 10)E MM L, Ag AR —EN ) Zn-0 K KL 1.939 A Lhaif i) zn-0 E K,
Zn-0O-Zn Al O-Zn-O WA LL2EiF i) 2/, BRI ELEIRES . X T model 2, Ag B 28E5E —JE I Zn-O

K RZ N 1.864 A, A4ty Zn-O {@EAHZEA K. 1M Zn-0O-Zn [ A/ NME A £ . 4T model 3,
Zn-0O K4 1.861 A, O-Zn-O {5 105.006°, Zn-O-Zn {&ff 7y 113.003°, H @ K485, i 0-Zn-O {&

Figure 1. The models of Ag incorporation
at different sites on ZnO(10 1 0) surface .
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Table 1. Calculation structural parameters of various models

i1 SMERNTENENSY

Configuration Pure Model 1 Model 2 Model 3 Model 4
dy/A 1.867 1.939 1.864 1.861 1.877
yi/° 102.422 101.073 102.850 105.006 101.949
ol 117.903 115.837 113.654 113.002 108.389
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Figure 2. The relaxation structure of Ag incorporation at different site on ZnO(10 1
0) surface

[ 2. Ag # A\ ZnO(10 1 0)FRE AR E KISt TR L5 E

KR, Zn-0-Zn A5/, 5T model 4, A4 ZnO(10 10)K AL, Zn-O f e A SR AR
K, fE#MAEALN.

MEL BT LR 4 2 e AT R B Ag HRANF] ZnO(10 T 0)Tf 2 T J2 I Ao} St W AR B i ek, TR N
) o ) 2 BT A W AR RS A /N o XA PR R AR A AR AL R B R T T AR R AR . TETE AR
ZnO(10 1 0)ZR Tl , fERTALK) Zn A1 O #M B EERE . /T RE G AEfe B BRI IE I, BT AR T ) 2k
ST E AL A . T, RIS THUIE A ERON p°, SEEUR TSNS S T Zn JR TSR ADN
sp?, SH Zn RTINS . A, TR Zn B R O R B AVERZERIR A, MIEEER
HRAHBT IR, Zn R T7RRHEEET M O JE P8, ST 280 PG 3w, MARmk
A, T R A AR AL

3.2. THER¥

3 Ag N ZnO(10 1 0)FR THIAS [FIAr B IS (1 L34 o I, BRATR I, B Ag iR N BT R 1H )2,
F LA BTSRRI REE, IR BLAE model 1 AR KMIARLL, X T B HTREESIEN. R, 4]
RIVFFHBIBERE R NS, XKW Ag RTIRANZE, A Em I REEE. R
P=X-& @
Hep, o NUIEREL xRESEES, o NICKBES. W 2 Frn, WATTHEPIEM410% ZnO(10 10)1H
(R R £ 5.350 eV. X 53250 {4 5.300 eV[12[AHYI A -
Xt Ag $B4% ZnO Fifi AR B 1 Sh s B % 2 frm. WX BIRATRBL, 4 ZnO i i 1l ek 4k
b Ag 4% ZnO KA RN E I Th s BUN, T H M Ag LS — 20, DhkEH K, XU Ag J&
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Figure 3. The electrostatic potentials of Ag incorporation on ZnO(10 1 0) surface
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Table 2. The formation and ionization energy, and work function of Ag incorporation on ZnO(10 1 0) surface
2. Ag #R\ ZnO(10 1 0)FREHIF AR AE . BILAEMINE B

Configuration lonization energy/eV Formation energy/eV Work function/eV
Model 1 0.625 3.460 5.6013
Model 2 0.448 4197 5.5831
Model 3 0.334 4.019 5.5950
Model 4 0.316 4.138 5.6285

Pure - - 5.3500
Ag doping bulk ZnO 0.346 4.216

TWANF—ZN, B TRE ST R
3.3. FEmRERELAE

AT 5 TR Ag N ZnO(10 1 0) 1 (¥ S L], FATHHEE T Ag 7E ZnO(10 1 0)FE i k- (A R
BRIV R A &R I AT BUE X [13]49:
Ef =B —Egan + Zniﬂi +0Eem )
Ho B, AEEMEIMA ARE: E, NI ZnO0 TO)EH I AAE: n & i TEMAEL 4 i
R RS, n NS UGB, n RIE; g ik RIS, By, N ZnO XTI TRK AL AT
TRFEFFAE 1 ZnO R, RIS SRR, RAZIE U T % &R

Atty, +Aptg = AH™ ®)

2Appg + Astg = AH 1920 4)
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2A1pg + 3o = AH {92 (5)

Horp AHZ®, AHP9% . AHP92° 535158 ZnO,  Ag,03 LAz Ag,0 FITE R -
BEAL RS 2B D Al B o B (R% SORE AN 24 BRI D Al HLAer o I KT R AR S5 14 2R oK B sl 2 254k
Ao DUk, BALRE R BAXRETHE[14] [15].
&5 (a/a')=[ AE(D,q)-AE(D,q')]/(a'-q) (6)

Ag i\ ZnO(10 1 0)FK I I AN R4 B [ Bk e 2 iz o JRATTRIL Ag # N\ ZnO(10 1 0)K I 4b T
BRI IR RN T R E AR RO, X RIIRAER TN a5 WiaE, mH Ag T IRE %3
JREF: . LB Ag RN ZnO(10 1 O)F I LRI A I, NS M 1] Py 35 e 2 1 T J B 8 18
I HIZH G T Ag B8k ZnO B EE. BRIk, FRATAT LIS A Ag JR TR 5 548 Zn f2JF HaB 3|
ZnO(10 10)pii KT, I HAERME A ES M. #E, BAVHHE TIRAERIELEE. W& 2 PRI
Ag A ZnO(10 10) 55— R M B AL R LU B AR TE S8 = IR MBS LRl e, T HLIBZRAESE 2B EEmR 2 . A
i, FATRILHKATE ZnO(10 10)F 1 5 MU 2 1 B AL BE A Ag $57% ZnO HLURR R B AL RERIZ . BRIIE, 3R
IfFHi4Eie: Ag HRA ZnO(10 10)RIERAE S AL TRIZ, HREAR R, A% EMA, XHEHSTTE
ARG SE [ p BT A R

3.4. B¥&4H

F 445 H T Ag R ZnO(10 1 0)FR 1H LA K 4614 ZnO(10 T 0) R I A% FE K, b Bk NPk BES(EL ).
T (9 FE[16] R B, 4% ZnO(10 1 0)ZR M (A7 T £ BAT O-2p A HLFUR5E, 1 A% = EHh Zn-4s
A 0-2p SLFEMEA . [FIRF, BATWF L1613 H F B & B ZnO(10 1 0)7 i i1 255 B I s B H 1 1 S 1)
KA. Hrf, O-2p BZHFZHAN T XIS, (ERTMBBESPRME; M Zn-4s HHTFH S
IR X S, ERMAN T REESMRMEE, Him, B0 Tm & ee s m# a5 S K a7 m
BahiFLFEER, 575 ZnO(10 10) R AR A, Xt RIAM R SH M SR E RN X A, &
M, A2 ZnO(10 10)K M LL (U= 4 FiwR), B Ag ik A\ E] ZnO(10 10)3K i, K AESURET HH AN
el p BLIRASE . WX BEEH, Ag A ZnO(10 1)K IRy p AL, SR i T M &8 R AEAE 15 %
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Figure 4. The density of states of Ag incorporation on ZnO(10 1 0) surface
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i) Ag JE T BS(LAEBER, IXRERLAS T % p % ZnO #kL,
4. &5

A B R P SRR AT T 4% ZnO(10 10) & Ag #R N ZnO(10 T 0)2% [ i f A% 45 K A5
P DL BT 25 . B A4l ZnO(10 10) R M5 MAH EL S, AL, Ag ik ZnO(10 1 0) i FL 454y R A H K
Ak RIS, @R Ag BT ZnO(10 10)RH RS, KIL Ag JEF1E ZnO(10 1 0)il 3 Hify & i
NEEE, Ag RTRTREZ. 17EH AR TR S0 T S BB 2 T RE, (HAab TR Ag
JETFA G Bk, SECH 4 p B ZnO MM . @i A SCHIRT 7SR5 b Ag 525 ZnO M B HEA F 1)
BB RS
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