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Broad Research Themes and Projects

Growth mode of complex oxides

metal
Achieving theoretical coerc dilution in Fe-Nd-B alloys

Measurements of Interface roughness and correlation with GMR (M.E. Gomez)
Quantitative measurements of elemental segregatién-6r media (DrW. Grogger)
Detection/Resolution limits of energy-filtered imaging (. Grogger, G. Kusinski)
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Magnetic Thin Films and Nanostructures
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Growth & Novel Properties of 2D Structures ===
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Cheng, Ahn anérishnan, J. Appl. Phys., 89, 6597 (2001).

UHV lon-beam Deposition

Ultrathin Films
Multilayers

O Perpendicular Interface Anisotro
Interfaces
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Cho,Krishnan, Lucas and Farrowd. Appl. Phys. , 72, 5799 (1992).
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0D Structures: Approaches

Nanoscale materials
by Self-assembly

Chemical method --
Size-selective precipitation
Surfactant controls shape
Bottoms-up approach
Magnetism in systems of
reduced dimensions

Puntes, Krishnan & Alivisatos,
Science, 291, 2115 (2001)




Factors affecting magnetic behaviour: Exchange Interactions

Bethe- Slater Curve
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No fundamental limit on strength
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J = L Determines magnetic order
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Factors affecting magnetic behaviour: Anisotropy
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The spin-orbit-lattice interaction
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Magnetic Behavior of Ferromagnets & Antiferromagnets

Iron Antiferromagnet
©,~ 790°C (1063 K)
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AFM + FM heterostructures

<&

Exchange Bias : Unique Behavior not Observed in Bulk FM

Exchange Bias in AFM/FM Bilayers
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Frustration , Interface and Proximity Effects
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“Spin”Valves

* Phenomenon poorly understood
* Interface effects dominate

* Need element-specific probes
» Growth of ideal structures - epitaxy|
» Technology

AR/R 20 %

Exchange Bias: Basics

Easy Direction

S
o
Free Energy:
F =H Mg, tsy CosB - J,, CosB + K, Sintd

Solution in terms of an effective field
H=H-J,/(Mgytey) = H-H
He = Jne/ Mgy ey )

If typical values for 4, are used
then observed Hare too small




Exchange Bias: Basics ....

Malozemoff (1987, 1988) F
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Koon (1997)  Spin Flop C
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Crystal and Spin Structure of AFM Mn.,Pd,




lon-beam Deposition
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Epitaxial growth and exchange biasing of FM/AFM bilayers
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Complementary information for thin films




Chemical ordering of a-axis grown PdMn by annealing

He ~ 8-10 Oe
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Cheng, Ahnand Krishnan, JAP (2001)

PdMn/Fe/MgO : Summary of growth & magnetic properties
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Epitaxial growth and exchange biasing of FM/AFM bilayers
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High Resolution EELS Studies in a TEM

Element-specific spectroscopy and imaging at high spatial resolution

Element-resolved Spatially-resolved
local electronic structure measurements

ionization 650 700
Energy Loss (V)

Phillips 200/FEG with Image Filtg Energyiliass (av)

Diplole Selection RuleAl = +1 apply
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Energy-filtered Imaging in a TEM: Detection Limits

Spatially-resolved
measurements
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Phillips 200/FEG with Image Filter Si
Diplole Selection RuleAl = +1 apply

Simple Roughness Measurements Using Energy-filtered Images

TEM Bright Field Image

Fe-L, ;jump ratio image

Trace or Mean Position

12



Fe Layer Roughness in Fe/MnPd bilayers

Fe EFTEM image

W Trace of Layer

I “Roughness”:
0=1.12 £ 0.042nm
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Layer Roughness for a-axis, c-axis normal
and c-axis inverted structures

Layer Roughness:
a-axis normal: 0.501 + 0.042nm
c-axis normal: 0.574 + 0.042nm
c-axis inverted: 0.323 +0.042nm
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Definitions: Rough interface with various characteristic length scale

h(x)

E/I

i

O (%)

Z(x)

Interface Profile h(x)
Average Value <h(x)>or h
Height Deviation z(x) = h(x) - h

Interface width +ms roughness
O(L) [x O—L(XO) >x

where the averaging is done ove
all points x within L and

o) = <[z(X) - Z(L)P>.
z (L) is z(x) averaged over L

Correlation length is extracted
by fitting

o(L) 00y, [ 1- exp (-LE)]

(2]

Xray Magnetic Circular Dichroism

Element Specific, Spin/Orbital Resolved Magnetic Measurements

XAS & EELS 6 ’ +3TIC ]

1

d band left XMCD

E right  UEER
E}% Am = +1

—"° -3TLC 4

R e B
£ MCD
F —-- MCD Integr.

[
uonelbau| AOW

8 -05F
= 1; k / 1
v 2P of ‘ |
e L L5 o )
= 2py, il_Tl (OiT) 1521\\\"3
. o0 100 7Elr?ergy7(ze?/) e
spin
4 i
1s orbital Q;’r?n: © 2qe )
Sum Rules P e

r'norb/ mspin =0.03

14



Magnetic structure of AFM-FM bilayer interfaces
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Cheng, Krishnan, Farrow, Young, Girt, .JJAP (in press)
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* I[ron Moment
Correlates inversely with
Exchange field

* The films show (111) texture

¢+ (111) is spin compensated

« Iron diffuses into MnNi and
orders antiferromagneticall

« The decrease in iron moment
suggests ~ 4MLs of diffusign

« Fe-Mn is a well known
disordered AFM

* Need to investigate chemical
and structural roughness

Microspectroscopy& Spectromicroscopywith Photons (ALS)
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PEEM : Temperature Dependence

18,170 C

3280 C 48,239,300 C &, BKRT

Cheng, Ohldag, Krishnan (2001)

Recent discoveries in artificially structured magnetic films

Perpendicular Interface Anisotropy
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Exchange Bias in Systems with Out-of-Plane Coupling

Lithographically Patterned Antiferroamgnetic Elements ?

Malozemoff (1987, 1988)
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