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An Introduction

Information technology based on semiconductor and
ferromagnetic materials.

Information processing Information stored on
and computation using ‘ » magnetic high density
electron charge... hard disks using

electron spins...

Spintronics
aims to simultaneously exploit both charge and
spin of the electrons in the same device!




Spin Transport Electronics = Spintronics

based on spin angular momentum of electrons or ‘spins’
Electronics is based on electronic charge.

Spin angular momentum of electron is given as

(m,) = —ﬁ(sg

Electrons traveling through a
Ferromagnet

¢ moment parallel to e- moment antiparallel to
F magnetization F magnetization

e m F



Models describing F metals

LSDA predicts properties of transition metal ferromagnets,ie;magnetic moment

Uelectron density

Qspin density } degrees of freedom
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r Simplified Models

Stoner Model

WElectron bands for spin T andl
have relative shift in energy due

to Exchange interaction.
LBoth have free electron dispersion,

“equation”
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Mott’s s-d model (1936)

U two spin states carry current in parallel

O st can scatter tostor d?t

O sy can scatter to s |

or d,

4 d band density of states near g for
down moment channel > density of
states for up moment channel

a pf < p‘

15 3 45 2d
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(a) Normal Metal (b} Ferromagnetic: Meial




Giant Magnetoresistance, GMR
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R/R(H=0)
1.0l ——
AP state
(Fe 30A/Cr 9A),,
0.5
0
-40 =20 4]
H(KG)
Fe/Cr multilayers

As Prepared state has moments of Fe antiferromagnetically aligned.
With an applied field the moments became aligned.

Resistance dropped!!!!
Change in resistance @4.2K ~ 50%

Now that is “Giant”




Hard Disk/Read Head Animation from IBM Web Site.

THE HARD DISK DRIVE 2|(3]14/|5](6

You are looking at the inside of a hard disk drive. The head
is located at the end of the actuator arm, and flies over the
disk to read and write data. Click the next button to take a
closer look at the read/write element.




Simple two current series resistor model for GMR

Spin FM MNM  FM Spin FM NM  FM

e with up and down moments are divided into two channels
Resistance of each channel is merely the sum of bulk and interfaces of the channel.
Assumptions!
No spin flipping in the layers, ie, the thicknesses are < spin diffusion lengths




How to get control over magnetic ordering of the F layers?

Antiferromagnetically coupled
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Next significant step in Spintronics - Spin Transfer Torque

Let’s first look at Magnetization Dynamics without killing ourselves!

M can align along a H;, which varies as a function of position

Main contributions:

O Externally applied magnetic field
d Magnetocrystalline anisotropy
 Micromagnetic exchange

L Magnetostatic field

2K, ... 24,
ey B{M{r’} X)X — M{r’}|x|
4ﬂ X[ |

Easy Axis along n



Away from equilibrium, magnetization precesses around instantaneous
effective field

M= =M x Hgr — %m % (M x Her) (Landau—Lifshitz)

M = —y,M x Hg +A}im x M (Gilbert)

A is the Landau-Lifshitz damping term
a is the Gilbert damping term

So far no spin transfer torque considered....



Spin Transfer Torque, STT- Slonczewski & Berger (1989)

Arises when the flow of spin angular momentum through a sample
is not constant.
C When spin filtering created by one magnetic layer is non collinear
with the second magnetic layer.
In the process of filtering, the second magnetic layer absorbs a
portion of the angular momentum carried by the e spins.

To Simplify, Assume only up-moment I(Maj. ¢’) pass through M1,

Unpolarized M1
Spin-Polarized
- I\’ 2 M2
N & -~ &
In Ollt Ollt Ili.."




Spin Transfer Torque, STT- Slonczewski & Berger (1989)

Arises when the flow of spin angular momentum through a sample
is not constant.
C When spin filtering created by one magnetic layer is non collinear
with the second magnetic layer.
In the process of filtering, the second magnetic layer absorbs a
portion of the angular momentum carried by the e spins.

To Simplify, Assume only up-moment (Maj. ¢’) pass through MI1.

Unpolarlzed

Spin-Polarized
-I\* e M2
-\._ ‘._____ .’.RL_\ ‘.
T
Out Out

The magnetization of the F changes the flow of spin-angular momentum by
exerting a torque on the flowing spins to reorient them )

Therefore the flowing e- must exert an equal and opposite torque on F.
This torque by non-equilibrium conduction of e onto F is Spin Transfer Torque



Primary quantity to focus on is spin current density

2 ik
Q= flElrn{uiv‘-.-: ® Vi) V==l 1)+l 1)

M

—
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Spin transfer torque can be computed by determining the
net flux of non-equilibrium spin current through a volume

. 3 g C__ Spin Transfer
Introduce this term in the LLG equation - Torgque
to account for STT Precession L

1;15 = —Ngt|g |1”B.f (h¥")

(direction depends
on the sign of [)




Applications

Used for writing without the presence of magnetic field

Lower writing currents compared to magnetic field switching

Right away,
you can see a difference.

Thank You

Nanoscale device dimensions!!!!

Seop in a store near you. Take a look.

Your'll be inseanely eaken with some of
the features thar make the ITBM Personal
Compurer so different,

Like the non-glare screen —casy on
the eyes during those number-crunching
rasks like payroll and general ledger.

B0 characrers a line—with upper and
lower case leteers for a quick and easy read.

And the flexibilicy of a system that
lees yow move the componenes asound awill
(T get really comforeable, ery the keyboard
on your lap and pue your feet up.)

L. _ﬁn ﬂuﬂ,'cnmwrc,

As you progress from casual
observer to comparison shopper,
you'll want the inside story of
the IBM Personal Compurer.

Like user memory
expandable up 1w 256KB. And
40K of permanent memory,
{(Which not only includes the
BASIC language, bur diagnostic
instructions thar automeatically
check the system every time you
iurm iE on.)

A 16-bit microprocessor thar can
impaove speed and productiviey,

A mix of crisp tex and high-

resolution color graphics on your own
TV ser—clearly helpful for creating
charts to target forecasts and trends.

Cr the 10 programmable funcrion
keys that let you bid goodbye o the
tedium of repetitious rasks.

And the list goes on, Which is why
we've included a box (ar right) thar cells all,

e O

STT does not disturb neighboring MRAM cells

There'’s more than meets the eye.
Some of the best things about the
IBM Personal Computer aren't pare of the
compurer,
Like the irstruction manuals char help
you set up your system and teach you to use
it with the grearese of ease,

T
|
|
|
|
|
|
|
|
|
|
1
1

And an expanding library of sofrware
programs thar meer IBM: demanding
specificarions.

Programs for business. Educarion,
The lab and the home. Programs thar make
the IBM Personal Computer your tool for
modern times,

See for yourself.

The quality, power and performance
of the IBM Personal Compurer are whar
you'd expect from 1BM. The price isn't,

Sostop in and take a look.

Visit an suthorized IBM Personal
Computer dealer. For a store near you, (o
for informarion fram IBM abour quanticy
prarchases) call (800) 4474700
In Illinois, (800) 322-4400,
Hawaii, (S00) 447-08590.

Alaska or

CMCLE 172 0N NEADER SENVICE CARD
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