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GGA+U FEMRZnOZERAZAI Vz-No-HE S
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(2017 4E 1 f 24 HYEI; 2017 4E 5 A 4 HikRIE4R )

ST FH T 6 37 B B 1 SO RS0 AL T T i R34 0732, 44 A DU ZnO-57(1230) 28 5 o Vi -No-H
S RE L TG RN p 7 S LB, 45 R, 7E ZnO-X7(1230) 2R AR, N BAUE & 5800 (V)
SR (H;) 5 BRI 45 A, BEMTTEIR Vzo-No-H A, 3 HELEZS b 0 Sk SRS X teah, DUAZS &
TR GBTa B AT Vzu-No-H B AR FEAIR, ATl H 230tk 52 BT, 40T o R TR 1 22 it 445 1) 935

TREAL (No) FIEARH O Iy (M BR &S 4, B 1 2 MR A A AR, 828l v i 2l RE S 1 B, BRAR T
BT e, X 45 R MU GB7a 285 7 1 1 Vio-No-H ATRECN N #34% ZnO MR p BT HLY

Kz —.

KRR 2 REE, ZnO, ZEE T
PACS: 71.15.Mb, 77.55.hf, 61.72.Mm

1 58 =

A B (ZnO) & — i B B2 58 7 Bl SR M
KBE H=IR AR U N 3.37 eV, BT R 4 e A
60 meV. ZnO H T HAL B 1 & B ADE BREE DL L
R SR e, TEE B 5 L SRAMR RO )
B K BHRE F AR R S5 v 2 A R BT
FI UL 78 ZnO S Ha P RE I 78 1 S B2 p-n 45 1
%, RIS A2 02 1 p 28 ZnO AR LR AT 2 ).

SR, BT RARIB A A X BRI, o] i) &
B R HAAE R p B Zn0, — B LLRH S ZnO BF 5T
R 2 — 281 p B ZnO F77E H AMERN %2 EAK
VS ff P AN v LB RR AR 2 N E. @ WA No #E p
B Zn0 & —MNEERZ X, SR EIS T 5145 R R
N T No iR EH HEaE A 1.3 oV I ghah,
H; (19 AME RS p B35 24 16 ZnO FZ M5 12
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%. Gao %k PIESZIG b R PN 5 2% ZnO 76 $44b
Pt AR RS 5 H, BTz, TR % No-H 2 &
R Rk, BAi N B A5 44 ZnO MRS F2 e 1)
pBghity. R, WAFTEE KEN SR IEIE
KN B 4% ZnO KT BE SRS p B S bR 12,
X T N 45 443515 p 4 ZnO 1) 0 88 A7 76 5 K1)
il TN T IXAN [ R R, B0 Reynolds 25 [F]
TESEIG TR R B, N B4 ZnO MR & # b #L 5, AT
PL3RAS =i N A2 10 p B ZnO, - #E18 ZnO H i)
Vzn, No M H; &S Vz,-No-HE &4k H
Bifie NG 130 meV. {H Amini 25 13 38 5 45 — 4 5
PR RBL, IEH ZnO N Vza-No 845
JH Vzn-No-H JE i fig BAR A, (H R H32 Efe
WA, HAEM R p B FHERIE. B, 1E%
ZnO & ML 1) V2, -No-H & & Kt 3 AN 68 78 4 i

ZnO S — Ff L7 1) 55 2547 2 SR R T s
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B4, AT 2 B o AN THT B B PR A7 7E, T 1% 16 2 e o A
THI B B BN 5 2 4 20, AL PR W A S 7 e — 4
B SRR AR KFR B B ZnO Y ELRIAL,
SR 1L AR R R R, )z
FAET R FAMEAEK A, BT S5 B R 28 i
XFT ZnO AL sUBRBE Y SOA B KR, —
Bz (i Vg, T REEIUN —0.19 eV 20 H 57t
RE 1) Vg BT 2 8 p BURSAE BY AR A 5%
R LRI, AT IE W A%, 2 A LR TR
FMHES, )T & A s TR . TR D 8 p 2
I, 5 2 L, ARG B, R, AN SCiE I
ST PR SRR IR ZE O 45 K, SR % BEZ B
TR )5 — 1t R 7 VA TSR IR 8 ZnO-X7(1230)
A5 BT Vn-No-H Z K520, FA )2 5 8 T
SIAT AR R S I BOW S5 R ROV F AL, AT A 25 i
BE S0 ZnO 28 4 0 p 24 5 B PR RE R

2 WHEFE

A K H Vienna ab initio simulation pack-
age(VASP) & 1 # H Perdew-Burke-Ernzerhof 32
BR IR 1R %5 B2 R B2 (density functional theory,
DFT) HEZE N BT SR B I fL (generalized gradi-
ent approximation, GGA) “F [ H k. Zn F
O JETF AN LTS A 4s23d10 F1282pt. L
AIARAR IS, T~ T 35 T 58 9 400 eV - [ fE 7 1)
KN T x 107° eV /atom; IEAULRE PR EREA
J&¥ EI SR KT 0.01 eV/A; %t Brillouin [X [ 1
433t S Fl Monkhorst-Pack 75 5. %5 1E % ZnO
i JH B, 235 ) st TR PR 5 A T BRI e I X
N3 x 3 x 3; WHEPUF ZnO-27(1230) 25 5 AL, 45
eyt TEOF H - G5 A T SR K SR L x 3 x B
3x5x 7. VFEAHAE M IER ZnO & a5 72
AR PURhER G 5500 8 GBTa, GB7b, GB7c¢ A
GB7d, ¥, GB7a, GB7b fll GB7c £ % 112 /M &
¥, GBTd E & 108 Mg 7, il 1 s,

H T GGA{K 1 7 Zn-3d ¥ + ¥ & 19 fr
B, i HMZnOW B N8 eV T
LI B 3.37 V. N T IR AN GGATT i KA 2,
GGA+U =21 4 FI TAZ IE Zn-3d FL-FHUIE 1L
H. BARGGA+U J7EH M E 1E 7 i H H 1 ZnO
iy B o B, AHE G v BRI, RIS D — N R
Ug 8, TH5 0y 5w B2 A T Se 50 A, 8% £
1.4—1.9 eV Ju A 127290 X 2R i T ZnO

) BT 45 M AN 5 Zn-3d RE A 9%, 1 H 5 O-2p
REA 5%, MUy BE RGNS, Zn-3d I BE AL B R
W H B, 5 O-2p REZ p-d HE A HIB WSS, 5
B 7 THZR R AR, 328 17 A5 1 B34 21 R e B 5
8 BSL SR, BEE Ug 800350, 3d B8 2 1%
Hiu A 2p fg T B R ok, 3 p-d HEFAEH I S EUR
O-2p BER AL M AE IR /N, 7E 3d g5 58 4 M 2p fig
e S Ok 2 a2 AR T B H A BB A
FSLIGE, X O-2p BETS 1 AL I B+ 43
TR, fil —SeiRE R GGA+Ug + U, 1Y
J7FEAE IE ZnO 5 B, TS 0 B R RN S0 R
AARFF =320 R ST B MR R R A S 6 A
Zn A O K HL 7 BT R AIE RS B AR G B A 4 A L
B, %ET 2T GGA+U Z30h Uy U, 1t
H P GERBIRYMU; =128 VMU, =4 eV, H
JEH OB, BEIRB IR HI T4 MEE. AL
SR RIS ZnO W BRAEZI 8 3.37 eV, Ak
41 3.37 eV ISl — 3 ZnO MK I8 N —4.00 eV,
W& KT S2 86l —3.60 eV B3] Zn-3d #LiE i) 7 13 R
2 —8.80 eV, AELIE N —8.8——7.5 eV iU
A RS O-2p BLIE ) JB T8 N 5.19 eV, 5K E
—6.0 eV JEH i 1728,

SR (1) TE A e R0 5 A0 BB AE 10 18 2% 5 1) 1 1l
WEERVA R RS R e A 6 R ER.
A q TR o BT RRE B930) 52 SCR

Et(a,q) = E(a,q) — E(host) + Zni(Ei + i)

+q(EF+EVBM), (1)

KA E(a, q) A BEE A g B8 & B 1) S B
;. E(host) W N Jo 6l b HE & ML A S B 1y ny BT
R FE R T AR, R R P R BT R T
P, Wn, < 0, # AR SRS TR0 /)
P>, W, > 0; B A& [ A ECSAE 76 2 55 Y R i
THE A E E(Zn) F1 E(O) 43 3l /& —1.15 F1 —2.79 eV,
FISZIE —1.30 1 —2.50 oV HIZEAK B0l 1, 25
Ji A i A 453 B2 B g AT o 38 ST T SR A
tzn + po = AHy(ZnO) B2l -5 H ) ZnO ¥
Bk —4.00 eV. pzn M po B R A K S5 AR
i, B 70 RN po = —4.00 €V, pzn = 0 eV; &
FRMEMT o = 0 eV, pzn = —4.00 eV. 14
BB o Mg h B3 o A EE, K e gg B
MO
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1 (MFRE) ZnO WUFRTAER S7(1230) 28 5t S 45

A GB7d; 4O AERA S BT O Fl Zn JET

(a), (b), (c) 1 (d) 75 #Edr 4 GBT7a, GBTb, GB7c

Fig. 1. (color online) Four possible structures of ZnO-%7(1230) grain boundary, including (a) GBTa,
(b) GB7b, (c) GB7c and (d) GB7d. Red and blue spheres designate O and Zn atoms, respectively.

Ei(o, Q),—_Ef(a, q )7 @)
q q

X Ee(a, q) M1 Ee(av, ¢') 3l H g ¢/ A

B o MTE RCRE. BT N 824 ZnO [ 5256 1 5%

FE— MR A T4 78 R 45 1081 BT LAASCHE 5 5k

B3 AT J RE T 8 A RE AN 25 RE A 7 R R S L.

e(q,q) =

3 WHEERGWT®

WE 1 FT R, Zn0O-%7(1230) 42 5% T (1230) 1
X RRAGUARE A 28 i 5, B LT B AL P AN 1) P
TS L. GB7a il GB7 fi At b A & IO A4S = Bl AL
JRF, AR TR AR . GBTe f
i L E A PR AR T, T GB7d fi - h AL & A
HECALE T, KA — MR T A — AR X
VUFf ZnO 28 & 5 A 1) B TE LY B T 31 ¢ il )

fIEE, JF HA R T SEE R L. GBTa, GBTb,
GB7c f1 GB7d 1 & FL R84 7 8 1.95, 1.65, 1.38 Al
1.41 J/m?, MOHAdSCER B R T 545 R 1.89, 1.54,
1.27 f11.29 J/m? FeA— 5 P02 X i B ER AT 2
ok B AN, EDYRP AR GBTe A RE
B, X2 A CBTc & A BT RT3 8 DY e
AL, e s nL. B2 AT IEH ZnO
e H AN ZnO-X7(1230) 22 & S HL 725 % & (DOS)
o3, BIH GBTa B AT DL I —AN R 381 2% 5t
REgig, X EE R T 04 M07 A7 B O JHFHE
PR RGT, {UN 2.66 A, R AR (B R
R AR EAE R, W R 58, i fe O Ji 7
o S B BC A Zn T B AR AR 55, T X iR 3L
{14 FL - B8 5 R 2% I 1 BB LB R T SR ) TR
B U Ak, B2 GBTD & A6 N A% 55 AR A
7 T0 A R B — A7 1 SR 0, 8 el o T b =D
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fir S8 JE T O-2p HL T RIRR, b 5 P A7 7E R O
L a3 T A i R i L X
T GB7c g FH M=, AR AU DU R R 5 Hoe
PRAL I L, FLAS T AR R ZnO 88 & J I AE AL
117 GB7d & 77 X0F 7 1 25 85 B AE A A Y B0 1 —

AN, X T GBTa KRk /M2, FEEH
06 F109 47 B 11 O J& T 2p FLid vk, T HECAHL
IRERR 45K, S5006 F109 402 B (KO JR 14 H 5
I, B4 HL T, R B GBTa 2R O—O
.
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Fig. 2. (color online) DOS of pure ZnO, GB7a, GB7b, GB7c and GB7d. The valence band

maximum of bulk ZnO is chosen to be zero in energy level.

MR A SCHR [37) $2 1, No il # & FIAE Vg, 45
ETEH Vz-No EEK. 1M ZnO-X7 285 L V-
No HEWHT e A 4G 7 — MR cfli Ty
s 5 —MONEE c Rl T7 R ST SRR AL 254
PAVzn NG, W Bl T7 17 Vgn-No G788 TE B
RELLAE e 5 M 381K 0.41 eV, I, FETHE H
BAULEJE V-No HAE MU ¢ BT M E A RIS
FRHERTFR ), FA T4 1 28 dh B i LAk M 28 F) A
BT Vzu-No JERGEETHR, Wl 1 iR, Hootk 4
RAER TP, X T80 =ML 2R & 7S,
AR Vzn-No B B g B 7E 3L = i 7 1) 47 &, /P
GBT7afIGB7b 104 f101 A7 8, X FEH T =Hi7
JRFAUE =A Zn—O B, MR Vg, 48 DU LA 1
LB 75 B W g /b kT R A A DU RC A7 R 28 s SR
5, WA Vz,-No T HGRE H BLE GB7e 1 06 A7 &,
XEEEHTZALE Zn J5E 1 Bl VYA Zn—O 4
FAKT T A Py B K AR T 2 0.04 A, FL S
AR e K, WAL BV g 5T H TN T HRETEG %
T oA AL 2R ST E, K Vzo-No B iE
FEA HBLAE FLBCAL I 01 47 &, 1M 75 3 551 1) 06 17

B, B S REIR, 2V, HILE 06 A2 B 1, 01
A B A A A% I3 A Dy I R DY A 45 44,
WA TR, EARSIRRY, WREEKA
FE LA, RBREEE AR — R B & AL AR S
X, BRIV HEA (R A Ak

3 (MFIEM) IEF ZnO @I Vz,-No-H A1k
Fig. 3. (color online) Vz,-Np-H complex in pure ZnO

supercell.

117 3 46 K B9 BT 78 7, N#B 2% )5 ZnO H 1)
Vin-No B G 2 A AR & ZH M Vzn-No-
H(5:15:58) 1 22 W B E NI 6 JA B, H 46 ) o

y FN-H

B 3. BRI, R4 1 ik S as R, A2
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e 3K DU Fh 2R i 5 b B RR € 1) Vizn-No BEAT I H,
I Van-No-H KB RRE. R 2 ATHE LR, 7]
DAE ), 22 g A A — L B Via-No-H T HURE L
Vzn-No HIEERE K.

#1 ZnO-$7(1230) M AN FALEAL Vyn-No ZEEK

TERRE (BF 70 L)

Table 1. The formation energies of Vz,-No complex

in ZnO-X7(1230) grain boundary (under Zn-rich con-
dition).

fi#  GBT7a/eV  GB7b/eV  GB7c/eV  GB7d/eV

01 3.75 2.41 3.32 3.31
02 3.61 4.15 3.50 3.04
03 3.81 4.03 4.33 4.62
04 1.95 3.25 4.12 2.46
05 3.78 3.01 4.08 3.98
06 3.61 2.77 3.26 2.35
07 — 3.24 3.52 —
08 — 3.02 4.33 —

Fo gy T DY AR & Ao AR e AL E 1)
Vzu-No-H ISk EE B L RE. 7T LLE 2, BR T GBTa,
FoAh = Fh AR G S B A0 BR HA A R AR B 4R
. GB7b, GB7c M1GB7d ZE & A ie(0/-1), #
XFFIEH ZnO 11 0.67 eV, 2 3l3 T+ 7 0.25, 0.10 F1
0.27 eV. #R1fi, /£ GBTaZE A, Vz,-No-H (15
b B A PEAR R, U N 0.38 eV, X EHE R H T Vyo-
No-H B 4<7E GB7a 28 & S 11 04 £ _E B, 52 & A
1) No X S5HARHIPA Zn JR7 -7 s, IF H5 07 f7
FOBEFMEELLABRMNEAD 7028 A, X5
BT P R T B R R A B P A O, T
HAEERF RPN No—Zn B RIS, 7E GBT7b,
GB7c fM1GB7d 25 51, 24 Vy,-No-H Z 544537
BI1E 01, 06 106 L LI, & AR ) No FE
O JE 7 E 857 25 4 2.86, 2.85 F112.89 A, FIIEH
ZnO FhA AR ZE AN K, B DA R B 77 A8 R G
. GBT7a 28 f S I IX MR IR G54, B V-
No-H 1 5 44 R AH 40 Ath = ol 22 & F o (1 B AR
I, BEAR GBTb, GB7c Al GB7d 25 & A A G Ak P 38
B Vzn-No-H 2 IR %2 41, H GB7a 28 i F 4k
1 Vn-No-H &1 = BRI p B2 T HRHE.

N T RENS I L LA S BT Vi2n-No-H 7 GBTa
22 i SR RS2 AT, A1 T = A ARALE DY R
B DOS, W 4 5B 5 s, R EIRHZ,
I 25 PR B B A AR R Vg, BIARAE T B A 2k

N

N

PE. BT Vzu-No-H 152 AT N F 2T 17 TiF
AL f F - VAR B 4 17 o R 2 1 23 AR BRI 191 [T

20 (G e — Zn-p t
—O-p —N-p
10} — H-s
: —==
; —10} GB7a(Vz,-No-H)
@
g
.| 1
<
8 20 d) —Tot Zn-p t
A —Op —Nop
10k — H-s
0 - W //_/_,J'\
—10F GB7b(Vz,-No-H)
—20 ) ) ) ) 1
—1 0 1 2 3 4 5
Energy/eV

4 (MFIEA) Vz,-No-H B & HIE GBTa ) 04 1 &
PL K GBT7b 1) 01 AL E B (1) DOS, THE IR ¥ 2 oK Ae g b
WHENREEE R

Fig. 4. (color online) DOS of Vz,-No-H complexes at
site 04 in GB7a and at site 01 in GBT7b, respectively.

The Fermi energy level is chosen to be zero.

201 (a) — Total — Zn-p 1
—O-p —N-p
—_ H-
0f s
0 W —
T> 10} | W GB7e(Vzu-No-H)
©
wn
£ |
g —20p
= v
gz (b)  — Total — Zn-p f
[a) —Op —N-p
0k — H-s
0 = /""’—/_’—f
—10} GB7d(Vz,-No-H)
20} , , , o
-1 0 1 2 3 4 5
Energy/eV

K5 (MTIEA) Vzn-No-H Z&HTE GBTc i) 06 1 &
LAK GB7d 11506 Az B 1 DOS, TR 1) S K Ak Zbk
B NAERE AT

Fig. 5. (color online) DOS of Vz,-No-H complexes at
site 06 in GB7c and GB7d, respectively. The Fermi

energy level is chosen to be zero.
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X H B A T T A% R, R 4 (a)
A LLE B, GBTa 28 i Ft 4% FE 43 A vh Aty T B il
a3 AP B B E R g, 3 B N-2p A1 O-
2p ML ARG Al BRI B IE RN R g,
LRI N-2p Al O-2p HLFHRFHE. RS 73 7 =Fh
EEASEE S AAE 4 (D) FE S, 7TLVE HIX
P A R P R R A RS T S e A A
T SR A0, I HLRE g m AR IR o A R e )R 4
W& 43 S A7 T 365, 424 F1582 meV, B & & T GBTa
25 R A 50 meV. X EE RN T E KB AT
28 b St JE, N-2p FE FE 6 O-2p FIER 20 L T 3B K
AR, Beg R AR 2R, T T BUE A A A
1) J= 385 e FELART 0 A, T R B Ak 1 5 R AT 0 A
IRKFERE EZ2 %I No MO JE-TBE B e 20, 2443
AN T GB7aZE b 5t 04 AL E I, 0467 E ) N
07 1L B [ O BEES Piif, (A 2.38 A, 5 AR5 440 A
Eoos /> 7 11%, @6 Fros. B2 H T GB7aZ8 i
T IX FREER M 254, F 80 No f1 O Z ]t i
FAAE R e, W 7 (a) Fiw, Hoor RBEG IEXT B
A% R AR 2 A KB4 GBTb
I GBT7c 28 @ FL0, AU IS5 MR A K, i No
O R TR IHECR, sah, BT GB7d 25 5 At
ME, BARKIB AN 06 F109 67 B i O 1 28
RN O—O BME O, (HIB A 5 hFE AL BT R I
B, &SR0 E O JE-F I fm A%, MM {3 06 Al
09 7. B 1 O Jil [\ #E A2 K, ¥ 73 H 1 [ AH AR H
ES. Fik, 5 GBraZE A AL, Bk =R AR
FH No 1O JRFRE B R, FEEL N-2p f1O-2p
I 3E 2 AE %59, Wi 7 (b) fios. B R
WA, Vzu-No-H B4 ZnO-L7 22§ it a, & 55
GB7aZ8 i F iR Bk b No 1 O Jf - #E S fril,
BTG A A AE P3G 55, 125 17 PR T LT e R 0 1) R
%, WO T T ERIE BT AR & 11 GBTb, GBTc
I GB7d 28 & A S T WA fe . X R4 iR RE T
GBT7aZE § it Vy,,-No-H 3% 2 E4HE, IFH 5
2 T LA R

& GB7aZ8 ff F ot — MR R RIS O, (AT
PLEgER AT LA, FEN B2 ZnO I, T 25 5%
FEHABAS R 5 A T AR HES ), S 80T
BT B M B AR, RARERRL s, o8 T
JEA AR R R R AL B, A TR p B
AR EARE. LTS N5 4% ZnO 808 HAh p
RIPBJRIT, AN BE UM AR J I i T IR 52

#2 ZnO-27(1230) 28 i F AR BRI E Vza-No-H
HE KK R REM AL RE (BETE 2% 1T)

Table 2. The formation energies and ionization ener-
gies of Vz,-No-H complex at the most stable position
in ZnO-X7(1230) grain boundary (under Zn-rich con-

dition).
fir & E¢/eV 0/ —1)/eV  e(=1/—2)/eV
Bulk ZnO 3.25 0.67 1.64
GB7a (at 04) 0.52 0.38 1.49
GB7b (at 01) 0.87 0.92 1.88
GBTc (at 06) 1.62 0.77 1.73
GB7d (at 06) 0.76 0.94 1.49

6 (MTER) GBTaZRi st 04 18 | Vz,-No-H &£
BRI IRUE R A
Fig. 6. (color online) The configuration of Vz,-No-H

complex at site 04 in GB7a twin grain boundary.
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Fig. 7. Schematic representation of energy level
for No-O pairs in ZnO-X7(1230) grain boundary:
(a) GB7a grain boundary; (b) GB7b, GB7c and GB7d

grain boundary.
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Abstract

The origin of the p-type conductivity in N-doped ZnO has been a controversial issue for years, since isolated N
substituted for O site (No) was found to have high ionization energy. A recent experiment demonstrates that the p-type
conductivity is attributed to the Vz,-No-H shallow acceptor complex. However, besides the complex, there are many
other defects in ZnO, such as twin grain boundaries. They are commonly two-dimensional defects, and inevitably affect
the p-type conductivity of the complex. By applying first principle calculations, we present the electronic structures
and p-type conductivity of ZnO X7 (1230) twin grain boundaries containing Vz,-No-H complexes. Four types of %7
twin grain boundaries are investigated, and the Vz,-No-H complex is found to have a tendency to appearing in the
stress raisers of the twin grain boundaries. The lowest formation energy under Zn-rich condition is only 0.52 eV for
the complex in GB7a, a type of 37 twin grain boundary with anion-anion bonds, while the value is 3.25 eV for the
complex in bulk ZnO. For the ionization energy, the complex in GB7a is more easily ionized, and has a value of 0.38 eV,
compared with 0.67 eV in bulk ZnO. The result of density of states shows that the electron transition is dominated by
the empty defect levels in forbidden band, which are occupied by O 2p and N 2p orbital. Further analysis indicates that
the special structure of GB7a shortens the distances between Ng and its neighbor O atoms, and the shortest N—O bond
is only 2.38 A, which also means a strong orbital hybridization between O and N. As a result, the energy level splitting
is enhanced, and the empty energy level in the forbidden band is shifted down to valence band maximum. So, GB7a can
favor the ionization in Vz,-No-H complex. Although GBT7a is a special case of the twin grain boundaries, the result also

gives us a new idea to understand the origin of p-type conductivity in N-doped ZnO.

Keywords: density functional theory, ZnO, twin grain boundary

PACS: 71.15.Mb, 77.55.hf, 61.72.Mm DOI: 10.7498/aps.66.137101

* Project supported by the National Natural Science Foundation of China (Grant No. 11364009) and Guangxi Natural Science
Foundation of China (Grant No. 2014GXNSFFA118004).

1 Corresponding author. E-mail: xtang@glut.edu.cn

137101-8


http://wulixb.iphy.ac.cn
http://wulixb.iphy.ac.cn
http://dx.doi.org/10.7498/aps.66.137101

	1引    言
	2计算方法
	Fig 1

	3计算结果与讨论
	Fig 2
	Fig 3
	Table 1
	Fig 4
	Fig 5
	Table 2
	Fig 6
	Fig 7


	4结    论
	References
	Abstract

