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(1120) Znyg Ny HERE T LATEE R 4 F 1) 11 HES D25 25 13
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AE, = B, - By /NES BT R R AN ILATIESS Zo FIUGESS 0 7 T4
N fi E,./eV Ey/eV AE,/eV My /1y My, /iy Mo/ T, /K Jno/eV
1 0.275 0. 428 -0.153 0.74 0.02(1) 0.06(4) 591 1.723
2 0.281 0.432 -0.151 0.74 0.02(1) 0.06(4) 584 1.700
3 0. 002 0. 055 -0.053 0. 46 0.03(2) 0.06(7) 205 0. 549
4 0. 000 0. 052 -0.052 0. 46 0.03(2) 0.06(7) 201 0.538
5 0.218 0. 260 -0.042 0. 46 0.03(2) 0.05(10) 162 0. 365
6 0.221 0.264 -0.043 0. 46 0.03(2) 0.05(10) 166 0.374
7 0.221 0. 269 -0.048 0.48 0.03(2) 0.05(9) 186 0. 444
8 0.217 0. 263 -0. 046 0.48 0.03(2) 0.05(9) 178 0. 426
9 0.222 0. 269 -0.047 0.48 0.03(2) 0.05(9) 182 0.435
10 0.227 0.274 -0.047 0.48 0.03(2) 0.05(9) 182 0.435
H/NETER. N 2p EZHNRIERS O 2p KA1k, &
N2p HURGERE O 2p A% BETETORBE M & 4= T A etk
b AHHABR O FEA KA A ek fb. B3 Wl LIE
U L N T4 Zn 3d 19 AR KR TR, P 4 SR T
R N $87% (1120) ZnO W B HERAL F A e 1 2
B BE XTI 254 1, N JEF B T ZnO J8 15 3% 1 11
5 O, I TREEAAEW SR, WK 4 (a) AT LUE
- N E L AR R T DR O0 S, I 454 4 5
= JUATEERE 1 AR B, &2 A TR AL B 5l 2 Zn AT
ﬂi LB O JEF AN 2. REAE TR A R R N B2y
2 ' (120) ZnO WEREELHE FERIET N 2p, BH4HKET O
=L NIEAHZn 34 2p ERIET Zn 3d (EAALE ).
0
N
HA7n 3d A
4
feR/eV
B4 (1120) ZnygNO,s WY E L 137 2 35 PR (R ¥ Bk e

0 T, /MNEERFR Zn L7, KIFERFR NJET)  (a) #mJL
ALK 1 B0 R T8 BE 8] 5 (b) o JLAT 4544 4 B9 [ i i 1y %5
BEIE

3.2. NEFig FM 24

T 53K N ABZR Zn0 Wi N T Z A FM

097504- 3



4 I % i  Acta Phys. Sin.

Vol. 60, No.9 (2011)

097504

A, BB HE T WA N R824 Zn0 HIHEALE
FM il AFM H&BIRER. %2 BoR T 9 ATRAL
fp 4 ) B 3+ B 45 9. L FM R AFM 75 fiE & 60 25
(AE, = Eyy - E ), FATREAMHIRA AR TR E
1, 7 AE 328 FM S TERUE , IEM) AE RoR AFM
BHRGE. &2 IR 2R ER N EFE FM AL
AFM W R E . XHT LTS5 4N J5 18] A FE 25 0
9.856 A, THE 4R WK ETE FM 45 Ak & i K, JF
HAE, = -111 meV. A3 2 ] LIFE ) N J5 5[]
HA R BERRERR A 1R X 5 SR [ 12 ] il 2 —
.

PR — A ¥ B ) 4 B AR s H b N 1B 2
ZnO FERREMSE IR, 75 B4 AHLER T S RIIAN N R
TAETF U AR GRS (1) X T, A B
N WfIERE s M EAE = p &, Bk Mk b a4
N JEF M Zn TR A BT, B85 s T N Bk
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22 1E (1120) Zngg N, Oy, WIS O AR JLATZ5HI1E FM A AFM ASAERE N 35 FRIE M, | JE HURE 7, N BT
REPERE 2 280 o N 5T 2 B RS JLATS5H 4 b FM A BORERHEN B B8R L AR, = Epy - Eypy

N firsE Epy/eV Eypy/eV AE,/eV M/ T,/K Jyn/eV N
L 0.553 0.705 ~0.152 0.74 — — 13.037
2,2 0.559 0.861 -0.302 0.74 — — 13.037
3,3 0. 005 0.118 -0.113 0.46 — — 9.852
4.4 0. 000 0.111 ~0.111 0.46 — — 9.856
5,5 0.437 0.516 -0.079 0.46 — — 6.548
6.,6' 0.443 0.485 -0.042 0.46 — — 6.547
7,7 0.394 0.428 -0.034 0.48 131 0.295 3.266
8,8’ 0.387 0.420 -0.033 0.48 128 0.286 3.268
9,10 0. 402 0.453 -0.051 0.46 — — 6.972
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H Heisenberg [ Jmy3al B TR 04T 1 1 A8 4 22 B0ORD
Jei B AR R | TR O i 5 48 22 005 D W A SF- O
B, N, O, Zn BT REFAXT RN, S 2N 221
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Abstract

By using the first principles method based on the density function theory ( DFT) and the local density approximation

(LDA), we study the ferromagnetic properties in N-doped ( 1150) 7Zn0 thin films. Magnetic properties in one-N-doped

ZnO are investigated. The spontaneous spin polarization comes from N 2p, O 2p and Zn 3d. Magnetic properties in two-

N-doped ZnO are also investigated. The calculated results show that ferromagnetism (FM) coupling between N atoms is

more energetically favorable for nine geometrically distinct configurations. The origin of the FM state in N-doped ZnO is

also discussed by analyzing the coupling of N levels. Finally, the magnetic exchange coefficient and the Curie temperature

are discussed. The result indicates that N-doped ZnO thin films show weak FM properties.

Keywords; the first principles, semiconductor, ferromagnetism
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