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Introduction 
Conventional electronic devices rely on the transport of the electrical charge of electrons in a semiconductor such as silicon.  Currently, however, physicists are trying to exploit the 'spin' of the electron rather than its charge to create a remarkable new generation of 'spintronic' devices which will be smaller, more versatile and more robust than those currently making up silicon chips and circuit elements.  Magnetoelectronics, Spin Electronics, and Spintronics are different names for the same thing: the use of electrons' spins in information circuits.
In order for spintronics to find practical applications in today’s world, it must be seamlessly integrated with conventional technology to avoid rethinking, remapping, and reconstructing the entire electronics industry from the ground up.  That means using materials and techniques based on the traditional silicon semiconductor which have been used for decades.
Researchers believe that the easiest way to accomplish this is to inject spin control into known semiconducting materials by simply doping them with transition metals with ferromagnetic properties, creating what are called dilute magnetic semiconductors (DMS).
Ongoing research of DMS’s focuses on creating materials that display not only magnetic properties but also the desirable electron band structure similar to conventional semiconductors.  This is made even more difficult by the fact that these materials must retain these properties at room temperature.  
Magnetism
In order for materials to manipulate the spin of electrons, they must have magnetic properties.  The property of magnetism arises from two quantum effects, spin and the Pauli exclusion principle.  When the spin of an electron couples with its orbital angular momentum, a dipole is formed resulting in a magnetic field.  This differs from the classical analogue of a spinning ball of charge in that the dipole has two discrete states, up or down.  If all the electrons are paired, then there are equal numbers of up and down spins, thus no magnetic effect is observed.  Only atoms with partially filled shells can experience a net magnetic moment.  Ferromagnetic materials have many of these electrons that can produce a measurable field.  Further, in these materials the outer electrons have the tendency to align their spins due to the exclusion principle that prohibits them from sharing the same state.  Since the electrons share the same spin state, they will have less electrostatic interaction.  This results in a lower energy state.  Theses spins tend to align themselves creating magnetic Weiss regions with an intense magnetic field.  An external field will align these regions creating a bulk magnet. 
Electronics

According to the Band-Gap Theory, the conduction and valence bands in a metal will overlap so that electrons will move freely through the lattice, thus conducting electric current.  In an insulator the conduction band and the valence band are separated by a large energy gap, thus no electrons will be in the conduction band.   
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Semiconductors are a class of materials with properties in between those of insulators and conductors.  In these special materials, the conduction and valence bands are closer together, typically with band gaps less than 2 eV, and the Fermi Energy lies between the two bands.  So at absolute zero, an ideal semiconductor will be an insulator, ie. all bonds are complete and there are no free charge carriers.  As the energy rises however, there is a finite probability that a bond will be broken and an electron will be excited to the conduction band.  This not only frees an electron to carry charge through the lattice in the conduction band, but also introduces an “electron hole” in the valence band.  Mathematically this hole is treated as a positive charge carrier.
Silicon and germanium are intrinsic semiconductors so let us first examine their crystal structure.  Both of these elements belong to the Group IV A, that is, they have four valence shell electrons.  A silicon lattice consists of covalently bonded atoms.  Since they have four valence shell electrons and they need four additional electrons to fill the shell, the atoms arrange themselves in a tetrahedral configuration, with eight atoms per unit cell.  Each atom is bonded with four other atoms, sharing an electron from each. 
Electrical properties of a material can be changed by doping with another type of atom.  For instance, if one of the silicon atoms in the configuration described above is replaced with an element from the V A group (five valence electrons), say arsenic, there will be an extra electron that can transport charge.  This is n-type doping and the electrons are the majority charge carriers.  Conversely, if a silicon atom is replaced with an element from the III A group, it will borrow an electron from adjacent bonds, thus creating a hole.  This is p-type doping and the holes are the majority charge carriers.  Using this band gap engineering, materials have been developed to satisfy many different electrical needs.
Compound semiconductors are also widely used in the electronics industry.  A compound semiconductor is composed of elements from two or more different groups.  Common binary examples are GaAs, InAs, and GaN.  Ternary compounds include AlGaAs and InGaN.  These are called, obviously, type III-V semiconductors.  Type II-VI semiconductors include the binary compounds ZnSe and CdTe and the ternary compounds CdHgTe. 
Magnetic Doping

Ferromagnetic materials generally do not display the desired electronic properties that are needed to operate like conventional semiconductors.  It is for this reason that scientists are trying to add magnetic properties to traditional materials.  Semiconductors can be made magnetic by including transition metal atoms with magnetic properties, such as cobalt, iron, or manganese, into the semiconductor matrix.  These materials are typically created through molecular beam epitaxy.  
Molecular beam epitaxy is the process of evaporating ultra-pure elements onto a substrate in a UHV system, 10-9-10-12 Torr.  Epitaxy means that the evaporated elements will condense on the substrate and form a thin film whose structure and orientation is identical to the substrate.  The term beam means that the evaporated atoms do not interact with other gas particles or with each other until they reach the substrate wafer.  This is due to the relatively long mean free path of the atoms.  This has long been the preferred method of making delicate semiconductor devices; and recently, because of the level of control of the deposition, MBE has been useful in making magnetically doped semiconductors.
This was first achieved in 1989 by a group at IBM.  Ohno et al. used molecular-beam epitaxy to produce a film of (In, Mn)As with doping as high as 18%.  “Films grown at 300 °C are predominantly ferromagnetic and their properties suggest the presence of MnAs clusters.  Films grown 200 °C, however, are predominantly paramagnetic, and the lattice constant decreases with increasing Mn composition; both are indicative of the formation of a homogeneous alloy.  These films have n-type conductivity and reduced band gaps.”1
Important research in this field has been going on right here in the University of Tennessee, both experimentally and theoretically.  Dagotto and his group have made valuable contributions to understanding the electrical nature of III-V magnetic semiconductors such as Mn doped GaAs.  Dagatto et al. have developed many theoretical tools including a two-band model for predicting Curies temperatures.  
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FIG. 8. The normalized DMFT impurity magnetization as a function of temperature for (a) J= 1.5, (b) J=1.0, and (c) J=2.0; for
x=0.05 and for n/n;=0.4, 0.2, 0.1, and 0.04 (from the top). The dashed line in (a) represents the magnetization calculated for the simple
Weiss mean-field theory for the local-moment spin S=5/2.



Due to a strong spin-orbit (SO) interaction, the angular momentum L of the p-like valence bands mixes with the hole spin degree of freedom s and produces low- and high-energy bands with angular momentum j=1/2 and 3/2, respectively. A robust SO split between these bands causes the holes to populate the j=3/2 state, which itself is split by the crystal field into a mj= ±3/2 band with heavy holes and a mj= ±1/2 band with light holes.7 
Hanno Weitering and James Thompson have successfully grown thin films with magnetic and semiconducting properties.  Using molecular beam epitaxy, MnxGe1-x films were grown on undoped Ge(100) substrates. In a similar experiment, epitaxial growth is used to form a thin film of Mn5Ge3 on Ge(111).  According to Weitering et al., “The crystalline quality, surface topography, and thermal stability of the films indicate the possibility of growing epitaxial Ge on top of Mn5Ge3 so that epitaxial trilayers or ‘spin valves’ and perhaps even multilayer structures can be fabricated for spintronics research and applications.”5  
Commonly, manganese is doped into a semiconductor like gallium arsenide, indium arsenide or gallium nitride.  The Mn atom replaces the group III A elements2, gallium or indium in this case.  (Ga,Mn)As and (Ga,Mn)N belong to the most widely studied magnetic semiconductors, and although the crystal structure and typical Mn concentrations are very similar, the magnetic mechanisms turn out to be different.  In both materials Mn atoms substitute Ga ones that are tetrahedrally coordinated to four As or N atoms.  The Mn atom is a single acceptor that provides a magnetic moment of 4 Bohr magnetons / Mn atom.3  “Ideally, each Mn dopant atom represents an acceptor that introduces a local spin and a hole carrier.”4  
In (Ga,Mn)As a Mn atom is a rather shallow acceptor that provides delocalized holes, while in (Ga,Mn)N a Mn atom behaves like a deep trap acceptor.  Both of the materials exhibit ferromagnetism: in (Ga,Mn)As the ferromagnetism is hole mediated related to the delocalized Mn induced hole states, while in (Ga,Mn)N the ferromagnetism is related to the strongly localized magnetic moments related to the Mn atoms.3 
Theory
 The magnetic properties of a material are generally studied using conceptual models, such as the mean-field theory.  The main idea of MFT is to replace all interactions to any one body with an average or effective interaction.  This reduces any multi-body problem into an effective one-body problem.  The ease of solving MFT problems means that some insight into the behavior of the system can be obtained by generalizing the local behavior to that of a field.  S Das Sarma et al. describe the theory:
The basic idea underlying the static mean-field theory, as applied to ferromagnetism in DMS, is to represent action of all impurity/hole spins upon a given impurity/hole spin as an effective ‘‘mean field,’’ whose value is determined by the average values of the spins acting upon this given spin. The resulting equations for the spins of impurities and holes are to be solved self-consistently, finally, yielding the equilibrium magnetization at a given temperature. The difference between the mean-field theory, onsidered in this section, and the canonical Weiss mean-field model arises from the existence of two interacting species of spins, those of holes and of impurities in a DMS system…

…DMFT is essentially a lattice quantum version of the Weiss mean field theory, where the appropriate density of states ~including impurity band formation! along with temporal fluctuations are incorporated within an effective local-field theory.6  
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In addition to the complexity of the bulk properties of materials, there are many questions about the quantum interactions of the doped atoms between themselves and the other atoms in the lattice.  
Any defects interfere with the theory effect the system.  These include impurities in the substrate lattice and magnetic atoms that lie at interstitial sites rather than cation substitutional sites.  These “unwanted” atoms antiferromagnetically couple to the other Mn atoms, reducing the magnetization saturation.  In the case of (Ga,Mn)As these interstitials (as well as As antisites) also serve as double donors providing two electrons each.  This often overcompensates the single holes produced by each of the active “desirable” Mn2+ atoms.  However, assumptions are made that these defects enter our theory only in determining basic parameters of the model, such as the density of magnetically active dopants, the hole density, and even between the local effective exchange coupling and not include defects in the model explicitly.6 
Conclusion
The concentrations of the doped metals typically range from 0.01 to 0.1.  Magnetic properties of films are investigated by X-ray diffraction, superconducting quantum interference device magnetometry, and transmission electron microscopy.  Naturally, different concentrations of doping yield different physical properties, including transition temperatures.

Recent research suggests that low temperature annealing increases magnetic properties.  
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This enhancement of magnetization seems to correlate well with improvement in the metallicity of the annealed sample ~e.g., higher conductivity! and with an increase in the hole density.  Annealing may also be enhancing the magnetic properties by annealing away some of the Mn interstitials.8
In Ga1-xMnxAs, Curie temperatures in the 200 Kelvin range been achieved; and room temperature Curie temperature has been observed in Ga1-xMnxN.5  Lately there has been interest in the Oxide group of semiconductor hosts with high Curie temperatures.  A particularly promising case is TiO2 with, most noteworthy, transition temperatures of 700.
DMS research has shown much progress in the last few years, and current projects will help to produce practical materials to use in mass spintronic devices.
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