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Room temperature ferromagnetism in Zn;, Ni,O
diluted magnetic semiconductor
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Abstract: A series of Zn,,Ni,O(x=0.05, 0.10, 0.15) diluted magnetic semiconductors are fabricated by using sol-gel
method, and the products consist of hexagonal nanoparticles with about 70 nm in diameter. The measurement of
magnetism was carried out by a vibrating samples magnetometer (VSM), it was found that the samples show
ferromagnetism under the room temperature, and with the increase of Ni-ion content, the saturated magnetization
increase, but the averaged atomic magnetic moments decrease. The X-ray diffraction results show that there is not any
pure nickel or nickel-oxide in the samples and the lattice increases with the content of Ni-ion. It was determined that the
Curie temperature of Znyg¢Nij ;O at about 575K by M—T curves, which confirmed Zn; 4Ni,O is ferromagnetism under
room-temperature.
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Fig.l1 XRD patterns of Zn;,Ni,O diluted magnetic

semiconductor
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Fig.2 TEM images of ZnggNiy 10 samples calcined at 550 ‘C

under different magnifications: (a) Low magnification; (b)
High magnification; (c) High-resolution
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Fig.3 M—H curves of Zn;_,Ni,O samples at room temperature
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Fig.4 Temperature dependent magnetization (M—T) curve of

Zno9Nig ;0 sample at magnetic field of 0.1 T

1) FI R - Bkl T vl 2% T AN [ ey R A Y
S44kZn, ,Ni,O(x=0.05, 0.10, 0.15), 7FZIMKI=4H EH
L) 70NMIR) 7SI 0L 4%

2) FEUMEVEREN B R LIRSS 5 NI S EA
%, BEAE Ni S, FEa AR AL T G,
ERE S RS NI SR DR & 2 T B, HLL s L
LR 575 K, R UM EHEAT W] 810 3 IR Bk e vk«

3) Ni &A@ B4 ZnO fiksiBEd, TRk
LT N B 7 R e SRS N

REFERENCES

[1] Fukumura T, Jin Z, Ohtomo A, Koinuma H, Kawasaki M. An
oxide-diluted magnetic semiconductor: Mn-doped ZnO[J]. Appl
Phys Lett, 1999, 75: 3366—3368.

[2] Jin Z, Fukumura T, Kawasaki M, et al. High throughput
fabrication of transition-metal-doped epitaxial ZnO thin films: A
series of oxide-diluted magnetic semiconductors and their
properties[J]. Appl Phys Lett, 2001, 78: 3824—3826.

[3] Dietl T, Ohno H, Matsukura F, Cibert J, Ferrand D. Zener Model
description of ferromagnetism in zinc-Blende

semiconductors[J]. Science, 2000, 287: 1019-1022.

magnetic

[4]

[5]

[6]

[71

(8]

[]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

Ando K, Saito H, Zheng W J, Fukumura T. Magneto-optical
properties of ZnO-based diluted magnetic semiconductors[J]. J
Appl Phys, 2001, 89: 7284-7286.

Sato K, Yoshida H K. Stabilization of ferromagnetic states by
electron doping in Fe-Co- or Ni-doped ZnO[J]. Jpn J Appl Phys,
Part 2, 2001, 40: L334-L336.

Sato K, Yoshida H K. Material
ferromagnets with ZnO-based magnetic semiconductors[J]. Jpn J
Appl Phys, Part 2, 2000, 39: L555-L559.

Ando K, Saito H, Jin Z W, Fukumura T, Kawasaki M,
Matsumoto Y, Koinuma H. Magneto-optical properties of

design for transparent

ZnO-based diluted magnetic semiconductors[J]. J Appl Phys,
2001, 89: 7284-7286.

SKmEME, 5K BR, BUAR, SFRA, Wisfk, X @,
Zn MnOUK LM77 R 2% AT M [J]. FE4=aE ), 2001, 50(21):
2431-24733.

ZHANG Xiao-mei, ZHANG Yue, GU You-song, QI Jun-jie,
HUANG Yun-hua, LIU Juan. Fantastic magnetic behavior of
Zn;,Mn,O nanowires[J]. Chinese Science Bulletin, 2001, 50(21):
2431-24733.

Roy V A L, Djuri A B, Liu H, Zhang X X, Leung Y H, et al.
Magnetic properties of Mn doped ZnO tetrapod structures[J].
Appl Phys Lett, 2004, 84: 756—758.

Norton D P, Pearton S J, Hebard A F, et al. Ferromagnetism in
Mn-implanted ZnO: Sn single crystals[J]. Appl Phys Lett, 2003,
82:239-241.

Jung S W, An S J, Yi G C, Jung C U, Lee S I, Cho S.
Ferromagnetic properties of Zn;_,Mn,O epitaxial thin films[J].
Appl Phys Lett, 2002, 80: 4561-4563.

Chang Y Q, Wang D B, Luo X H, Xu X Y, Chen X H, et al.
Synthesis, optical and magnetic properties of diluted magnetic
semiconductor Zn,«Mn,O nanowires via vapor phase growth[J].
Appl Phys Lett, 2003, 83: 4020—4022.

Schwartz D A, Kittilstred K R, Gamelin D R. Above
room-temperature ferromagnetic Ni**-doped ZnO thin films
prepared from colloidal diluted magnetic semiconductor
quantum dots[J]. Appl Phys Lett, 2004, 85: 1395-1397.

Schwartz D A, Gamelin D R. A simple room-temperature
preparation of colloidal ZnO quantum dots from homogenous
polar aprotic solutions[J]. Proc SPIE Int Soc Opt Eng, 2003(1):
1-7.
Radovanovic PV, Gamelin D R.
ferromagnetism in Ni*"-doped ZnO aggregates prepared from

High-temperature

colloidal diluted magnetic semiconductor quantum dots[J]. Phys
Rev Lett, 2003, 91: 157202/1-4.

Matsumoto Y, Murakami M, Shono T, et al, Room-temperature
ferromagnetism in transparent transition metal-doped titanium
dioxide[J]. Science, 2001, 291: 854—856.

Radovanovic P V, Gamelin D R, Electronic absorption
spectroscopy of cobalt ions in diluted magnetic semiconductor
quantum dots[J]. J Am Chem Soc, 2001, 123: 12207-12214.

(g FBELE)



