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Giant magneto-
resistance discovered
by A Fert and Peter
Griinberg in 1988 has
resulted in the
commercial
production of small
magnetic read heads.
Now information can
be stored in high-
density 200 GB hard
disks. Thisis a
billion dollars

industry.

Magnetic Tunnel
junctions can be used
to produce MRAMS
which combine in
them the advantages
of high density of
information storage,
high speed of access
and non-volatility .
Magnetic sensors
can be made for a
variety of
applications.
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Figure 1. Spin valve.
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A spin valve is a
device which 3
allows electrons of -
one spin :
p " )

polarization to flow
through and
obstructs the flow
of electrons of the ’ |
opposite spin
polarization. "$@ A %
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' When unpolarized
electrons pass
through a spin

#  &() | * 4t filter, electrons with
either up or down
spins are filtered

out.
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# B Figure 2. Spin fil.ter. Thefer-
| < romagnetic film is of
' Europium chalcogenide.
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An MBD consists of
a diode made of a p-
type magnetic semi-

conductor and a n-
type semiconductor.

Its I-V characteristic

depends on the
polarization of the
electrons.

Figure 3. Magnetic bipolar
diode: In the p-region on
the left the conduction
band is split due to the
exchange interaction and
the equilibrium popula-
tion of the minority carri-
ers (electrons  repre-
sented by m) depends on
spin. The valence band is
not split. Holes are shown
as| . n region on the
rightis not exchange split.
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# ! I
A magnetic bi-polar

transistor consists of a

non-magnetic semi-

# conductor emitter and

a collector separated
E by a base of a

(7= magnetic p-type

semiconductor. The

characteristics are

different for up- and

down- spin electrons.
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New materials with a '
wider range of spin
polarization either in
the metallic or
semiconductor form
will be desirable.
These materials must
have a Curie
temperature above # = G | <
room temperature so ,
that they will be 6
ferromagnetic at room
temperature. We
also need materials
with a large 9
magnetization that
can be reversed with &
the application of low

magnetic fields.
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Datta—Das Spin FET.
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The Datta—Das spin
FET is a transistor in
which the gate
voltage will control
the precession
frequency of the
electron. Then the
electron in travelling
from the source to
the drain may find its
spin either parallel or
anti-parallel to the
spin of the electron
in the drain.
Accordingly, FET will
have low or high
resistance to the
current flow.
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Half-metallic materials E
are those in which the
energy sub-band with D 3
one spin orientation is B/
either empty or 04 -4 0
completely full (Figure _ 3 >( 4
3 Part 1). Such ’ &()
materials have a large ’ E ”
magnitude of spin G HI G H
polarization. J J E E
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“Man is the animal that draws lines which he himself then stumbles
over. In the whole pattern of civilization there have been tw
f tendencies, one toward straight lines and rectangular patterns gnd
one toward circular lines. There are reasons, mechanical and psy-
chological, for both tendencies. Things made with straight lines fit
well together and save space. And we can move easily — physically
or mentally — around things made with round lines. But we are inja

straitjacket, having to accept one or the other, when often some
intermediate form would be better. To draw something freehand
such as the patchwork traffic circle they tried in Stockholm — will no
do. It isn’t fixed, isn’t definite like a circle or square. You don'’t
know what it is. It isn’t esthetically satisfying. The super-ellipse
solved the problem. It is neither round nor rectangular, but i
between. Yet it is fixed, it is definite — it has a unity.”
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