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1 0,1 0.000  0.449 -0.449  3.209 3. 069

2 0,2 0.002  0.048 -0.446  3.206 3. 064

3 0,3 0.002  0.450 —-0.448  3.205 3.067

4 0,4 0.001  0.450 -0.449  3.206 3.070

5 0,5 -0.155 -0.092 -0.063  3.250 3.250

6 0,6 0.148  0.947 -0.799 4.578 4.580

7 0,7 0.148  0.946 -0.798 4.578 4.582

8 0,8 -0.149 -0.093 -0.056 5.628 5.628
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3.2. Ni {82 ZnO ZugtERIRIK O tREAH ST
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PR, NI AFM S A BB R ARG — I EHE
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QR — AU BT 5 D BB G, (DA 6
(b) F1 (d)), AFM FEE 5 f FHH058 i REAS. Ak
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3.3. MIBRIEXT Ni 3% ZnO SkEL1ERI R0

I RS AR T DA R AR A B T SR
B AIAS N AR 255 e R B R IR, AT 52 i)
DMSs f 5T, BRI 43 AT A 7 28 X Ni #82% ZnO
g FM PR M HA 40 T B Y X T R
MBI YI RN AR LLE X e = (C - Cy)/Cy x
100% ,Horft € J& AR ZnO 1Y FAS H50 (a, b, c) B0AE
KA (a,B,y),Co AR AL ZnO ) FiHE H EEk
K& R A R FHINAS @ FI e RN AR 3 5 - 0.2 %]
0. 2 Ju Bl N & AR A, AR i [RI F 0. 05. X F 5 1)
NiAE o By FARAS SR I - 0.2 5 0. 2 g [l N &4
ARk, AR Ak ] B L2 0. 05.

2 4G TARFNAT FM #4 F AFM #55
FIREE TR BIZE . MR 2 nTLIE Y o HINIAE e
=-0.05, -0.10 f1 -0.15,FM #54 Fl AFM #4
Z A RE & 2 22 47 i /> #) - 108, - 157 Hl - 156

meV. % T ¢ #liR A, & = 0. 05 B, FM #54F1 AFM
MG Z [ Ae i 22 98/ N 2 - 350 meV. X T o i kA4
BYYINAS  FM A & AFM A TR E. X Ty £
BHEBYINAS BT &= 0. 15, FM 4t AFM Ff4
R 2ATLEN Y o WNAE & = -0.20 Fil y £
BIYINAS & = 0. 15 B}, fB i 25 AE LB T KUK,
R R R M ) SR GRS E B AR FMOAR A R AFM
AT RGURE R BE T A6 W AR AR AF 7R 25 5, iX
Tt R AR Ak S B T AE R REAR & R R BR RERR &
JEE T TRV AR FLAE Y 52 2 k. FML R BE 0 28 14 728 Ak
ST e 25 B TR 25 18] 3 A1 119 52 1 2% ) Sk
AT EVAT, R G RE R Bl AR A3 g Fhvss. 22 2
5T Ni$84% ZnO fig i B i 4 il I 228 F1 BT D)y AR
75 A Li 252 45 H ZnO 7 A Bl b A 97 78 941 ).
Liu 255 % B fA% B AE BEFE 5 Zng 0 Coo 05O FL A
FM A FRATATTHE 25 S TR fb A% N AR BE RS Zn,,
Ni, 0, FM #5455

*2 US55 FERRIRIZE T FMAEA A APM 545 ffe e 5

R a-fih c-fih a-fil v-fii

Ep/eV  Eyn/eV  AE/eN  Epy/eV  Egu/eV  AE/eV  Epy/eV  Egy/eV  AE/eV  Epy/eV  Egy/eV  AE/eV
-0.20 19.550  19.545 0. 005 23.138  22.661 0.477 7.858 8. 054 -0.196 17.753 18.033 -0.280
-0.15 8.672 8.828 -0.156 9.378 9.293 0. 085 4.135 4.288 -0.153  11.995 12. 160 -0. 165
-0.10 2.706 2.863 -0.157 2. 654 2.722  -0.068 1.789 1. 899 -0.110 6. 834 6.923 -0.089
-0.05 0. 143 0.251 -0.108 0. 056 0.406 -0.350 0. 449 0.529 -0.080 2.475 2.527 -0.052

0 0. 000 0.063 -0.063 — — — — — — — — —

0. 05 1.429 1.458 -0.029 1. 641 1.650 -0.009 0.529 0.757 -0.228 1. 686 1. 842 -0. 156
0.10 3.717 3.713 0. 004 4.349 4.273 0.076 1.935 1.979 -0.044 11.671 11. 883 -0.212
0.15 6. 649 6. 601 0. 048 7.235 7.062 0.173 4.319 4.382 -0.063 37.703 37.522 0. 181
0.20 9.797 9. 693 0. 104 10.653  10.402 0.251 8.072 8. 145 -0.073  96.715  97.050 -0.335

TE HULME5H 5 oS FM I RERAE N S5 RERL, b AE = Epy - Eypy

4. 4 #

R — PR B34 T Ni 8% ZnO (1% 4
Jit. 3@ S pr 8 AN R JLATZ54E FM RS A1 AFM
ME R, KB FM BB HAE. T4 R BRI O
23X T AR E Ni #8728 Zn0 1 FM RG240 A AL
9. 24 O =1 5] ARG, 75 R G K = A A i v

T BT AR BB T AT LR Ni 42 2% Zn0 1Y
FM 84 NG5 Ni $82% Zn0 MERRERE 5. Ni 5
F Zn0 1Y FM F2E PERT LA Ni 3d REZLZ 8] IO &
ARAT. PR A B A 25 ) 2 A B S 2% PR R 4% 1]
St , MRS AR A8 05 L) 15 A% 3 )

ARSI T AR 2004 g R W R 22 R 2 B 3
TR TE IR By, 76 s s
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Abstract

Theoretical calculation based on density functional theory ( DFT) and local density approximation ( LDA) has been
carried out to study the magnetic properties of Ni doped ZnO. The results show that ferromagnetism ( FM) coupling
between Ni atoms is more stable for 8 geometrically distinct configurations. The results from density of states show that O
2p hybridizes with Ni 3d, which results in electronic states spin polarization at the Fermi energy. Moreover, the effect of
oxygen vacancy on FM properties of Ni doped ZnO has also been investigated. It was found that FM coupling is enhanced
in the presence of oxygen vacancy, which is strong enough to lead to electron-mediated ferromagnetism at room
temperature. In addition, the origin of the FM state in Ni doped ZnO has also been discussed by analyzing the coupling of

Ni 3d levels. We also analyzed the strain effect on FM properties of Ni doped ZnO.
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