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Fig. 1. Schematics of spin-polarized transport from a ferromagnetic metal, through a normal metal, and into a second ferromagnetic metal for

aligned and antialigned magnetic moments.
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Fig. 2. First observations of GMR in two different types of layered
systems. The plots show changes in resistivity as a function of applied
magnetic field. (a) The ratio of the measured resistivity to the zero-
field resistivity for three different Fe/Cr multilayers. (b) The
percentage change in resistivity of a Fe/Cr/Fe trilayer from the value
Rs at saturation magnetic field along the easy axis. At high field
magnitudes, R-R; is negative because the resistivity is further lowered
by anisotropic magnetoresistance [2].
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Fig. 3. Variation of magnetoresistance as a function of magnetic field
for a magnetic tunnel junction.
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(b)

Fig. 4. (a) Schematic representation of a basic concept of spin
injection and detection. Here, F1 and F2 are ferromagnets and P is
paramagnet. Current injected through F1 induces non-equilibrium
magnetization (injected spins) indicated by a pattern in P, which is
detected by F2. (b) Schematics of the densities of state, N(E), as a
function of energy in the ferromagnet-paramagnet-ferromagnet
system when F1 is aligned parallel to F2. Minority electrons enter the
paramagnet, going into unoccupied minority states at the Fermi level;
travel through the metal and finally leave the metal by entering
unoccupied minority states in the second ferromagnet.
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Fig. 5. (a) Spin-polarized field effect transistor (spin FET) based on
theoretical idea proposed by Datta and Das, which applies the
injection of spin-polarized carriers from a ferromagnetic metal into a
two-dimensional electron gas (2DEG) channel. (b) Optical micrograph
of a prototype spin FET showing permalloy contacts A and B [9]. The
connections between the contacts A and B with the extended NiCr/Au
are also shown. C indicates a contact pad, which is a part of the
structures connecting with NiCr/Au contacts for MR measurements.
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Fig. 6. Spin-valve transistor [12]. Electrons are injected from the
emitter, passing the first Schottky barrier into the base. Most of the
electrons are not directed to the base contact, but travel perpendicular
through the multilayer across the second Schottky barrier due to thin
base (10 nm).
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Fig. 7. Schematic of a Hall device geometry [13]. (a) Top view; (b)
cross-section view, showing fringe field near the edge of F; and (c)
profile of the spatial dependence of the perpendicular component Bz
as calculated from a line charge model.
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Fig. 8. (a) Scanning electron microscope image of a Co contacted
multi-wall nanotube. The diameter of the nanotube is 30 nm and the
conducting channel length is 250 nm. (b) Schematic diagram of the
device. The substrate is a semi-insulating Si wafer covered by 200 nm
thick SiOy.
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Fig. 9. (a) Scanning electron micrographs of MQCA networks [15]. (b) A schematic of the vector magnetization(arrows) in a number of dots. (A)
A soliton in the center of a chain of circular dots. The center of the soliton is between dots P and Q. The magnetic state of the network at the end of
the negative phase of the applied oscillating field is shown for the cases of the input dot set to O (B) and the input dot set to 1 (C).
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Fig. 10. Schematic drawing of metallic magnetic multilayer device,
viewed from the side, deposited upon a silicon substrate and
lithographically patterned. The layer sequence is: 2500 Cw/7 Ta/20
Cu/(31 NiFeCo/40 Cu/23 NiFe/40 Cu)35/1500 Cu, where the units
are in Angstroms. Except for the thick copper leads at top and bottom,
the device is a solid cylinder. Current enters from the upper left lead,
flows parallel to the device axis and passes out the lower left lead. The
voltage drop is measured across the device using the leads on the right
side.
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Fig. 11. Schematics of the vertical magnetoresistive random access
memory (VMRAM) with bit line current flowing perpendicular to the
element and two pairs of word lines over the top of and below the
bottom of the memory element.
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Fig. 13. Schematic phase diagram showing the relation between
growth parameters (substrate temperature and Mn concentration) and
the properties of (GaMn)As grown by molecular beam epitaxy
(upper). The high concentration of Mn in excess of its solubility limit
was introduced by nonequilibrium growth at low temperatures.
Magnetic hysteresis and M-T curve of (Ga,Mn)As with x=0.035 at 5
K (lower) [19].
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Fig. 12. Three types of semiconductors: (A) a magnetic semiconductor, in which a periodic array of magnetic element is present; (B) a diluted
magnetic semiconductor, an alloy between nonmagnetic semiconductor and magnetic element; and (C) a nonmagnetic semiconductor, which

contains no magnetic ions [19].
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Fig. 14. Device geometry and electric band structure. (a) Schematic band structure of the spin-aligner light-emitting diode. Spin-polarized electrons
are injected from the left into the active GaAs layer, unpolarized holes from the right. (b) Side view of the device showing the direction of the

magnetic field and the emitted light [20].
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Fig. 15. Electrical spin injection in an epitaxially grown ferromagnetic
semiconductor heterostructure, based on GaAs. (a) Spontaneous
magnetization develops below the Curie temperature TC in the
ferromagnetic p-type semiconductor (Ga,Mn)As, depicted by the black
arrows in the green layer. Under forward bias, spin-polarized holes
from (Ga,Mn)As and unpolarized electrons from the n-type GaAs
substrate are injected into the (In,Ga)As quantum well (QW, hatched
region), through a spacer layer with thickness d, producing polarized
EL. (b) Total electroluminescence (EL) intensity of the device (d=20
nm) under forward bias at temperature T=6 K and magnetic field
H=1,000 Oe is shown (black curve) with its corresponding polarization
(red curve). Current [=1.43 mA. Note that the polarization is largest at
the QW ground state (E=1:34 ¢V). The EL and polarization are plotted
on semi-log and linear scales, respectively. Inset, a current-voltage plot
characteristic of a 20-nm spacer layer device [21].

A A " P PR A W'Y
si|
Ge |
AP |
AlAs |
GaN| |
GaP |
GaAs |
GaSb_|
InP l
inAs |
Zn0O E
ZnSe l i
ZnTe i
10 100 1000

Curie temperature (K)

Fig. 16. Computed values of the Curie temperature TC for various p-
type semiconductors containing 5% of Mn and 3.5 X 10% holes per
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Fig. 17. Application areas of spin-based functional devices.
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