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Fig. 1. (color online) Sketch of defects in the supercell
of 3 x 3 x 1 6H-SiC, in which one Si (yellow ball) atom
is replaced with one Al (red ball) atom, one Si atom
is replaced with Vacancy, and all C (gray ball) atoms

remain in the same in defects.
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Fig. 2. XRD pattern of Al : SiC powder after calcina-
tion at 2200 °C in Ar protection.
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Fig. 3. Raman spectra of Al : SiC powder after calci-

nation with (a) and without (b) Ar protection.

B4 Al$Z: SiC¥RRIHOMIE S

Fig. 4. Microstructure of Al : SiC powder.
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Fig. 5. EDS results of Al : SiC powder.
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Fig. 6. Magnetization curves of Al : SiC powder calcinated at different temperature at Ar protection.
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Fig. 7. (color online) Spin distribution map at real

space.
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Fig. 8. (color online) Spin-resolved DOS (a) and par-
tial integrated spin density of state, blue line is s orbit

electrons and red line is p orbit electrons (b).
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Fig. 9. (color online) Sketch of coupling supercell.
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Abstract

SiC with d° ferromagnetism is thought to be one of the most important materials in the spintronics field, and it has
received widespread attention. In this paper, Al : SiC magnetic powder is fabricated by high temperature calcination
method with the protection of Ar gas. X-ray diffraction results show that the obtained powder is of 6H-SiC phase, and
Al is proposed to enter into the 6H-SiC crystalline. Raman results show that Ar gas plays a crucial role in impeding the
SiC from decomposing at high temperature. With the protection of Ar gas, it maintains round shape after calcination
about 2200 °C, no any other peakis detected in the Raman spectrum. Without the protection of Ar gas, SiC particle
would decompose into graphite, and the instinct peak of graphite is detected in the Raman spectrum. Energy dispersive
spectrometer results show that there is 0.96 at% Al in the powder. The obtained powder shows magnificent magnetic
hysteresis loop and large coercive force. Its saturation magnetic moment reaches 0.07 emu/g after calcination at 1800 °C.
Its coercive force reaches a maximum after calcination at 2000 °C, while the saturation magnetic moment is 0.012 emu/g.
With the rise of calcination temperature, the magnetism of the powder changes from diamagnetism to ferromagnetism.
But when the calcination temperature rises to 2200 °C or more, it would change back to diamagnetism. The phenomenon
of ferromagnetism disappearing is similar to that in ZnO as reported. The total quantity of magnetic impurities (Fe, Co,
Ni) is evaluated to be less than 5 ppm. Saturation magnetic moments arising from these impurities can be calculated to
be less than 1072 emu/g according to the reported results, which is impossible to affect the accuracy in the experiment.
Thus it is proposed that the ferromagnetism originates from the doping of Al in SiC powder. To understand the origin
of the observed magnetism, we carry out first principles calculations based on spin polarized density functional theory.
All the calculations are performed by using the generalized gradient approximation in the form of the Perdew-Burke-
Ernzerhof function, which is implemented in the Viemma ab initio simulation package. A supercell consisting of 3 x 3 x 1
unit cells of 6H-SiC containing one Als;-Vs;, corresponding to a defect concentration of 0.93 at%, is built for calculations.
The origin of its ferromagnetism is studied, and its spin situation in the space is mapped. The results show that the
combination of Al and vacancy leads to a local magnetic moment of 1.0 ug, and magnetic coupling is steady in the ¢

axis direction. It is found that the p electron of carbon is the origin of the net spin.

Keywords: d° ferromagnetism, SiC, high temperature calcination

PACS: 75.60.Ej, 71.20.-b, 75.75.Cd DOI: 10.7498/aps.66.017501

* Project supported by the National Natural Science Foundation of China (Grant No. 51572276), the Special Project of
Supercomputing Science of Joint Fund of the National Natural Science Foundation of China and Guangdong Province, and
the State Key Laboratory of High Performance Ceramics and Superfine Microstructure, China (Grant No. Y12ZC4120G).

1 Corresponding author. E-mail: wyu@mail.sic.ac.cn

017501-7


http://wulixb.iphy.ac.cn
http://wulixb.iphy.ac.cn
http://dx.doi.org/10.7498/aps.66.017501

	1引    言
	2实验与计算模型
	2.1 Al掺杂SiC粉体的实验制备
	2.2 表    征
	2.3 模型构建
	Fig 1

	2.4 计算方法

	3实验结果与讨论
	Fig 2
	Fig 3
	Fig 4
	Fig 5
	Fig 6
	Fig 7
	Fig 8
	Fig 9


	4结    论
	References
	Abstract

