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Table 1. Notations for the physical quantities used in this paper.

magnitude of electron charge (>0)

electron spin

electrochemical potential of electrons with
spin ©

electric field

electric potential

resistivity for electrons with spin o
resistivity

electrical current density for electrons with
spin ¢

total electrical current density

spin polarization of the electrical current
spin polarization of the electrical current in
bulk magnetic material

Y spin polarization for tunneling of electrons
Dy diffusion coefficient of electrons with spin o
Ts spin relaxation time of electrons with spin o
A spin diffusion length

Mot & total concentration of electrons with spin G
Moo equilibrium total concentration of electrons
with spin o

deviation of electron concentration for spin o
from equilibrium

Ns density of states of electrons with spin © at the
Fermi level
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Tunnel barrier

Fig. 1. Schematic of a ferromagnet/tunnel barrier/nonmagnet system.
B is the spin polarization of bulk ferromagnet, y is the spin
polarization for tunneling, and P is the spin polarization of the current
in the nonmagnetic layer due to the spin injection.
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Fig. 2. Schematic of a ferromagnet (FMI)/nonmagnet (NM)/
ferromagnet (FM2) system. At z=0 and z=d interfaces, existence of
tunnel barriers is assumed for the general case.
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Fig. 3. Spin polarization of electrical current injected from a
ferromagnet into semiconductor as a function of spin polarization of
the ferromagnet.
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Fig. 4. Spin polarization (P), resistance difference between parallel
and antiparallel magnetizations (AR), and magnetoresistance (AR/R)
as functions of the contact resistance (r;) at the interface for a
ferromagnet/semiconductor/ferromagnet system.
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Diffusion Theory of Spin Injection
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The diffusion theory for spin injection from magnetic layer into nonmagnetic layer was reviewed. Basic equations were derived and
applied to a ferromagnet/semiconductor/ferromagnet system. The spin polarization and magnetoresistance were calculated. The reason
for difficulty in detecting spin injection with magnetoresistance was explained, and a possible solution was discussed.
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