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(a) Liyo5(Zngg25 4 Mng g5, In)As (y = 0, 0.05, 0.075, 0.1) B9 X FFELATH AL ; (b) Liy g5(Zng 75, Mng g75, Ing5)As K Rietveld

B AR, (c) Lipos(Znogss 4 Mnggrs, Iny)As (y = 0, 0.05, 0.075, 0.1) B fH% H 4L o

Fig. 1. (a) The X-ray diffraction patterns for Lij o5(Zng g5, Mng 75, In,)As (y = 0, 0.05, 0.075, 0.1); (b) the Rietveld refinement of
Liy o5(Zng g7, Mng o75, Ing g5)As; (c) the lattice parameter of Lij o5(Zng g95-,, Mng g75, Iny)As (y = 0, 0.05, 0.075, 0.1).
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Fig. 2. (a) The temperature dependence magnetization for Li; g5(Zngg05-,, Mngg75, In,)As (y = 0, 0.05, 0.075, 0.1) in zero-field cool-

ing (ZFC) and field cooling (FC) conditions with an applied external field of 100 Oe, inset shows the temperature dependence mag-

netization for y = 0.05, 0.075, 0.1 samples from 2 K to 25 K; (b) the iso-thermal magnetization for Li; g5(Zng g5, Mng o75, In,)As (y =
0, 0.05, 0.075, 0.1) at 2 K, inset shows the partial enlarged curves with temperature from —200 Oe to 200 Oe; (c) the dM/d T versus
T curves for Lij g5(Zng 995y, Mng g75, Iny)As (y = 0, 0.05, 0.075, 0.1), the arrow marked Tg; (d) the linear fitting results of 1/ (o)
versus T for Lij g5(Zng 995y, Mng 75, In,)As (y = 0, 0.05, 0.075, 0.1), the arrow marked the weiss temperature 6.
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Abstract

Magnetic semiconductors (MSs) that can manipulate both spin degree of freedom and charge degree of
freedom have become an important research field in semiconductor spintronics. In recent years, a new series of
bulk form MSs, which are iso-structure to the iron-based superconductors were reported. In these new materials,
spins and carriers are separately introduced, and can be precisely manipulated. Li(Zn, Mn)As with Tq ~50 K is
the first bulk MS with spins and charges separated. The Li(Zn, Mn)As has p-type carriers, which is in
contradiction with the theoretical calculation results by Masek et al., who claimed that doping extra Li will
induce n-type carriers. So, it is necessary to study the formation reason of hole carriers in Li(Zn, Mn)As and
their effect on ferromagnetic ordering. In this work, a series of Li; ¢5(Zng g5 ,, Mng 75, In,)As (y = 0, 0.05, 0.075,
0.1) new materials are successfully synthesized by introducing n-type carriers into the p-type bulk MS
Lij g5(Zng 995, Mngg75)As through (Zn?*, In®t) substitution. Magnetization measurements reveal that all the
samples still maintain a ferromagnetic transition signal similar to MS Li; g5(Zng 925, Mng g75)As, and the Curie
temperature T is obviously suppressed with the increase of In-doping concentration. Clear hysteresis loops
demonstrate the ferromagnetic ordering state. The resistivity increases gradually with the increase of In-doping
concentration. Our results show that the (Zn?*, In3*) substitution successfully introduces n-type carriers into
Li; g5(Zng.go5, Mnggr5)As, and the original p-type carriers in Lij g5(Znggps, Mnggrs)As, which are partial
neutralized, resulting in the decrease of p-type carrier concentrations, which obviously suppresses the
ferromagnetic ordering of Li(Zn, Mn)As. It reflects the important roles played by carriers in forming
ferromagnetic ordering in MS materials. The fabrication of Lij g5(Zng 995 4, Mng g5, In,)As material gives us a
better understanding of the mechanism of ferromagnetic ordering in Li(Zn, Mn)As, and these results will be

helpful in searching for more novel magnetic semiconductor materials.
Keywords: magnetic semiconductor, Curie temperature, ferromagnetic ordering
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