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Abstract

Abstract

Conventional semiconductor devices generally take advantage of the
charge of electrons, whereas magnetic materials are used for recording
information involving electron spin. For long time, people take effort to make
use of both charge and spin degree of electron in a single substance. Diluted
magnetic semiconductor (DMYS) is the result of this effort. DMS, in which
magnetic element is introduced into non-magnetic semiconductor and
substitutes a portion semiconductor ion, can be manipulated its electronic,
optical and magnetic properties by changing the type and concentration of the
magnetic impurity.

In order to find high-Tc DMS, we systemicaly applied first principle
calculations for electronic and magnetic properties of 111-V (GaAs, GaP),
[1-IV-V;, (ZnGeAs,, ZnGeP;) and I-l11-Vl, (CuGaSe,,CuGaS;) chalcopyrite
semiconductor doped by 3d transition metal (TM=V, Cr, Mn, Fe, Co or Ni). It
is find, by the calculation, that a simple rule suggested by Sato is consistent

well with our calculation. The ssimple rule is. the magnetic properties of DMS

depend heavily on the t,, states of 3d-TM electron and the e, states make

little effect in the exchange between magnetic ions. From the magnetic stability,

when t,, states of 3d-TM are partia occupied, DMS will show in

ferromagnetic state (FM); while t,, states are fully occupied or full empty,

DMS will exhibit anti-ferromagnetic (AFM) state. From the magnitude of the

magnetic moment, when spin up t,, states are full empty, the ion moment is
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larger than theory expectation; when spinup t,, states are fully occupied, the
moment is smaler than theory expectation; while spin up t,, states are

partially occupied, the difference between the moment and theory expectation
is dependent on the symmetry of base semiconductor and the distortions of the
|attice.

In TM-doped I11-V- DMS, when doped by V, Cr or Mn, the DM S will show
FM state; when doped by Fe or Co, AFM will be more stable state; whereas
doped Ni, DM S shows little magnetism. According to Heisenberg model within
the mean-field approximation, it is suggested GaAs and GaP doped by Cr are
most promising candidate for high-Tc DMS. The magnetic stability of DMS
leans heavily on the hol€’'s concentration. In Mn doped I11-V base DMS, due to
the doping, the lattice constant of the DM S will become expand, improving the
opportunity of Mn to occupy the interstitial sites, reducing the hole’'s
concentration, and restricting Tc increasing. We propose a new method to
compensate the lattice expansion: in Mn doped I11-V DMS; introducing Si or
Mg as a co-doped impurity into the DMS. It is found in our calculation result
that the Tc will increase by the Si or Mg co-doped.

In TM-doped [1-IV-V, (ZnGeAs,, ZnGeP,) DMS, the FM state will be
reached in V or Cr doped DMS, whereas doped by other TMs, the DM S will
show AFM state. The I1-1V-V,doped by Cr will be most promising candidates
for high-Tc DMS. It is suggested that hole’ doping will increase the Tc. The

magnetic moments of TM ion are smaler than theory expectation and

distribute localized around magnetic ions. Doping by TM with spin up t,,

states partial occupation (V2 or Cr?"), the direction of anion’s moment is anti
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paralel to that of the magnetic ion. Doping by TM with spinup t,, statesfull

occupation or empty, the direction of anion’s moment is parallel to that of the
magnetic ion.

In 3d-TM-doped I-111-V1, (CuGaS,, CuGaSe;) DMS, it is found, by the
cohesive energy calculation, that TM atom prefers Ga site than Cu site, acts as
acceptor and leases one hole by one TM impurity doping. The FM state will be
reached in I-111-V1, doped by Cr or Mn, whereas doped by V, Fe, Co or Ni, the
DMS will show AFM state. It is proposed that high Tc is realized in Cr doped
[-111-V1,, and Mn doped I-111-V1, aso has some possibility to become high Tc
DMS. In V, Cr or Mn doped I-111-VI, DMS, the TM ion magnetic moment is
larger than theory expectation, and the direction of anion’s moment is anti
parallel to that of the magnetic ion; whereas doped by Fe, Co or Ni, the TM ion
magnetic moment is smaller than theory expectation, and the direction of

anion’s moment is parallel to that of the magnetic ion.

Key words: Transition Metal; Diluted Magnetic Semiconductor; Double

Exchange.
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