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- Lithographic tools .I

Lithography:
Laser, e-beam, focused ion
beam, x-ray, AFM cantilever

Etching:
Wet, dry, ion beam, plasma

Resin, spin coating, annealing,
etc.




Top-down approaches:
- lithography
- atomic force microscopy

Bottom-up approaches:

- dendrimers

- molecular arrangements (e.g. micelles)
- approaches of molecular biology




Alternative techniques I:
lar self-assembly to defined str

Ldendrimers®
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micelles
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The advantages of molecular self-assembly:
- directly nm-sized technique by assembly of molecules to defined structures
- potential for better versatility

- 3-dimensional structures possible
- Imitation of structures of nature

Iron stored
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Iternative techniques |
Nanotransfer printing (nTP)

Schematic representation of the
nanotransfer printing (nTP)
procedure to create gold
patterns on Si substrates.
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NOTE: stamp is fabricated by
top-down lithography.

From H. Lipsanen
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Alternative techniques IllI:
ric Templating of Magnetic Nanostr

Hierarchical Self-
Assembly Scheme

* A combined top-down/bottom-up
hierarchical approach is arguably
the most powerful route to building  [FF=—. -
nanostructures e

* We have demonstrated the use
of lithographic channels to guide
the alignment of self-assembled
polymer domains

* Next, we aim to use these aligned
scaffolds as templates for the organization
of functional magnetic nanoparticles

http://www.msd.anl.gov/highlights/docs/darling_polymeric_hl.pdf




lating with polymer stripe
grooves

» Long-range ordered block copolymers inside the groove.  Owdized PFS
~ No grain boundaries observed. 4

» Polymer domains align with the groove edge.

~ 9 rows of polymer domains in a 230 nm wide groove.
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Assemblies of magnetic
nanoparticles

8 nm Co nanoparticles Self-assembly of Polymer-templated assembly
in cylindrical Al,O, Co nanodiscs of 5 nm Co nanospheres
pores

Meigan Aronson, Su
and Glenn

ang Kim, Nick Kotov,
, Ann Arbor
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Two limiting cases
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Longitudinal MOKE .I

o depends on intraband transition, thickness,
wavelength, incident angle, etc.




Vector MOKE .I
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Vector-MOKE for.... .I

Coherent rotation:
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-xample: thin stripes -I

Sample: Co, - Fe, ; stripes,
w=1.2 um, D=3 um, thickness 90 nm




xXample: thin stripes

Sample: Co, - Fe, ; stripes,
w=1.2 um, D=3 um, thickness 90 nm

y[“"!% o 0O
Two-fold shape anisotropy:

- easy axis: along the stripes
- hard axis: perpendicular to the stripes




eciprocal space map from
stripe array

44 Oe Spin up Spin down
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Specular reflectivity ridge can be recognized and off-
specular Bragg peaks from the lateral stripe array.

K Theis-Bra_ms (2003).
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Kerr Microscopy




. easy axis, y=0°

Counts/s
|_\

Kerr Microscopy
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Vector-MOKE -thin stripes
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Vector-MOKE -thin stripes
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-2. Example: thick stripe.l

Sample: Co, ,Fe, 5 stripes,
w=2.4 um, D=3 um, thickness 80 nm




easy axis, y=0°

e Bl AdI28 MV ELIMI M e LSl A

- vV vy Kerr r 1-:'--;.3-;‘_'.!,3 4L A MV RS E
wyVv & ~ . o ‘
Microscopy

Iv 158 VAR M VLD &

(MAIITE N ANV TR
BREE & b e

EMCRIRIELSsd a N F 8 UL RSN PV
TR SRR R SEFU/NY ) " TN 7y ¢
e L PR IS RV TP T Ty Pt 1
A0 UL (1 35 M| R SR TRUNF Y SR T A R

Counts/s
o N N (@)

30

ocmI
<
O
A
M

0 Spin flip
. 20
scattering —

10

‘e
a“‘«“‘ ©2%®

750 -500 -250 0 250 500 750
H [Oe]




A8:3 L R4
CENRSREY
AE B NET R
s 2RV ALY
IRBALN

angle domains in rema




A8:3 L R4
CENRSREY
AE B NET R
s 2RV ALY
IRBALN

angle domains in rema




Experimental:
44 Oe

(at maximum
of spin-flip)

Simulation:
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Domains and Fluctuations
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Summary stripes

Thin stripes

*Mostly single domain
*Simple reversal process
PNR and MOKE agree
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Summary stripes

Thin stripes

*Mostly single domain
*Simple reversal process
PNR and MOKE agree

Thick stripes
Complex domain structure
Dipol - interaction




Thin stripes

*Mostly single domain
*Simple reversal process
PNR and MOKE agree

—> H

Thick stripes

X Complex domain structure

Dipol - interaction

PNR yields additional information on the
magnetization direction
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NR at lateral Fe/Cr multilaye
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Competing interactions between crystal anisotropy,
exchange field, and dipolar field
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uture prospects for later
magnetic structures

Stripes with dipole Islands with vortex structure
character
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