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Fabrication of permalloy nanostructure
by Damascene technique

(DPreparation of substrate: Spin-coating of ZEP resist with
high etching resistance

QEB-exposition: Write patterns by EB

@Development:  Formation of  mask-pattern by
development

@WEtching : By dry-etching process mask-pattern is
transferred to the substrate

(®Deposition of magnetic film: Deposition of magnetic films
by sputter or evaporation

®Polishing: Obtain flat buried structure using chemical-
mechanical polishing

Process is simplified by abbreviation of lift-off and repeated
spin-coating



EB-patterning process

Spin coa_lting of EF exDosLre Development
resist F i
S 0 o o (R
[1]Dot size
100nm X 300nm rectangular dot with 300nm-
spacing

100nm square dot with 300nm-spacing
[2]Patterned area: 3mm X 3mm
[3]EB-resist thickness: 300 nm

= -by spin-coating with 5000 rpm rotation
(4]Baking 160°C 20min



Clean Room ===
Laboratory

e Electron beam lithography



Dry etching process

Etching

(1 JEtching gas: CF,
[(2]Vacuum 3.0 x 103Pa
[3]Gas pressure 9.2Pa
(4]RF power: 400W
(5 JEtching rate: 0.1 ¢« m/min

LAl - LB

Resist removal

Silicon surface after etching



Dry-etching




Embedding of permalloy

Embedding of permalloy

film by electron beam
deposition

(1Imaterial: permalloy (Nig,Fe,,)
[(2]Vacuum 3.0 X 106Torr
[3]Accelerating voltage  4kV

(4 ]Deposition rate 1.0 A/sec

Chemical mechanical polishing

flatting

[ 1 JPolishing chemicals: Si wafer
grain-size~20nm

(2]pH 11

(3 ]polishing rate: 60nm/min
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Buried permalloy dot array
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Observation

« AFM/MFM



1pm square dot array mwmm
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SEM observation

300nm X 100nmsquare dot, 300 nm space
ectangular dots




ross sectional SEM observation

Dot depth?



Cross section SEM image of Line and
space pattern (width =100nm)

O0.3um



MFM observation of
unpatterned permalloy film
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AFM and MFM observation
of 300 nm x 100 nm dot array

AFM Line scan -+ -Surface roughness~10nm

MFM image - - ~magnetization axis along the longer side direction
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magnetization in opposite direction
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* MFM-image for different

scanning direction




-direction dependence
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Pattern variation with scan
direction
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4P VSM measurement
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100nm circular dots
with 300 nm spacin

Surface roughness ~10nm
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VSM measurement of
circular dot array
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MFM measurement of
circular dots

Magnetic field applied




g Influence of stray field from
o the MFM probe tip

AFM sensing (2-
3nmlevitation)
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i Models to explain MFM
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MFEM image of 300nm x 100nm dot
with a low-moment probe tip

5 Y .~
55 : |
T -




300nm x 100nm dot (wide scan)
with a low-moment probe tip




Simulation by Nakatani




Observation of dot-array structures
using magnetically induced second
harmonic generation (MSHG)



MSHG Measureing System
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Laboratory

e Nonlinear MO
measurement
system




Sample

o (810nm)

P-polarized or
S-polarized light

(810nm)\\

Filter == Analyzer

Longitudinal Kerr
configuration



Polar Kerr configuration
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Azimuthal angle dependence of SHG from

PinPout
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Unstructured permalloy film: H==%2.5kOe



Azimuthal angle dependence of SHG from
unpatterned Si wafer
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Azimuthal angle dependence of SHG from
GaAs wafer
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PinPout

SHG#% Z (counts/10sec)

360000+
320000
280000+
240000
200000+
160000 -
120000 ~
80000
40000
40000
80000+
120000 A
160000 ~
200000+
240000+
280000
320000+
360000 -

SinPout

-~~~

SHG3& & (counts/10sec

180000
160000
140000
120000
100000+
80000
60000
40000+
20000+
20000+
40000
60000
80000+
100000
120000
140000
160000
180000 -

Azimuthal angle dependence of
MSHG from the square dot array
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Azimuthal angle dependence of
MSHG from 1um square dot array
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Nonlinear Kerr rotation

Longitudinal
In 1um square dots )
Nonlinear Kerr rotation 2.80° Nonlinear Kerr rotation 6.00°
6x10" 1 . iﬂ iﬁ

5x10° 7
4x10°
3x10° 7

2x10°

SHG#™ > (counts/10sec)

SHGA > ~(counts/10sec)

~50 0 50 100 150 200 250 300 350 400 ~50 0 50 100 150 200 250 300 350 400
Analyzer angle(deg) Analyzer angle(deg)

(Pin) (Sin)




Azimuthal angle dependence of

rectangular dots —
longitudinal
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Azimuthal angle dependence of MSHG
from 300nm x 100nm rectangular dot array
(Longitudinal)
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Azimuthal angle dependence of MSHG
from 300nm x 100nm rectangular dot array
(Polar)
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SHG# ™ > (counts/10sec)

Nonlinear Kerr rotation In
rectangular dot array
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Azimuthal angle dependence
of MSHG In circular dots longitudinal
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Summary

Square, rectangular and circular dot arrays of
0.1-1 um in dimension buried in Si wafer have
been successfully obtained by Damascene
technique using EB lithography

MFM observation in square dot clearly shows
closure domain pattern.

MFM images of smaller dots show influence of
magnetic field from the probe tip

MSHG reflects symmetry of dot-arrangements
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