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Engineering Issues

R. White: IEEE Trans. Magn., 33 p.990 (1997)

Nakatani: Japanese Pat. (1989)
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PS-PMMA (di-block co-polymer)
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CoCrPt

substrate / underlayer ~0nm

Y. Kamata: Intermag06 GE-09 CoCrPt
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J.Bai et al., J. Appl. Phys., Vol.96, No.2, 1133(2004).
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Hc distribution of aligned CoCrPt dots (40nm¢)
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Y. Kamata: Intermag 06 GE-09
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22.9 nm

dot diameter
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Y. Kamata: JJAP Vo0l.40,N0.3A,999(2007)

possible origin of the distribution
»dot size distribution
»Mmicroscopic composition dispersion
»grain boundary

»damage by the etching process
... TEM, simulation: little damage by ion milling
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Ar

lon beam >
redeposition sidewall etching
lon beam
lon beam
T

Back sputtering
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Introduction (I1)

motivation:
etching damage analysis of the patterned media
made by ion milling process with self assembled mask

» magnetic layer: Co/Pt multilayer
magnetic properties by multilayer structure
=>» sensitive to the physical damage

» method: Grazing Incidence X-ray Reflectivity (GIXR)
layer structure, roughness

\\/ \/ \/ similar refraction is expected,;

multilayer: reduced intensity
underlayer: increased intensity
dot edge: scattering
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experiment - measurement

» saturation magnetization (Ms): VSM

» magnetic anisotropy energy (Ku): VSM, torque meter
» crystalline structure: XRD

» thickness and roughness: GIXR

» microstructure: TEM

GIXR 027 mm

Cu-ka radiations 1.54A

Divergence Slit
Attenuator 1/32

Detector

Parallel-plate

collimator Receiving Slit

1.0°

xray Mirror Soller slits
0.04 °

Divergence Slit
14 Sample Mask

TOSHIBA

Leading Innovation >>>

13



Fitting model; roughness

density

rough interface =» gradual density change: p (2)
P (z): error function

S ANV SN
@)= | e )t
O . roughness
W

case of o > thickness
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experiment — fabrication process

diblock copolymer
underlayer
substrate

phase separation

O2 RIE
SOG substitution

e
mie

Ar ion milling
CF4 RIE
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PS-PMMA diblock copolymer

40nm 80nm

PMMA block (dots)

PS block (sea)

K. Naito et.al.: IEEE Trans.Magn. 38, 1949 (2002)
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Co/Pt multilayer sample

L 20 periods
[ColPt], Bt
Ta Ta
Glass Sub. Glass Sub.
Before Etching After Etching

»Sputtering condition
Co: 0.3nm, Pt: 0.9nm

DC sputtering
no substrate heating
Ar pressure: 0.5 Pa

»>Milling condition _
substrate cooling

accelerating voltage : 400 eV
Ar pressure : 2.5X104 Torr
etching angle : 30 deg.

TOSHIBA
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magnetic properties

i ] “average diameter, 37
g A 6:55 AN (17
g 200 L
£ 100
% - . 7
N 0 After Etching
B I
S -100 -
g _
-200 i
-300F ]
400! ' . .
-10 -5 0 5 10
Magnetic Field (kOe)
little damage to the magnetic properties
- reduction in M¢: proportional to the packing density
- K, (by torque curve amplitude): no change
TOSHIBA
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crystal properties (XRD: 6-26)
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9l ] 12000 - .
81 sample condition | j0000- 7 | Before Etching _
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g 6l ¥ 1 3 eooof f° .
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21 ] 2000/
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0 1 2 3 4 30 32 A 36 38 40 42 44
Etching Time (min) n=-1 2 Theta (degree)
» B, little change throughout the etching process
»0-20: - reduced intensity by volume reduction
- before etching: satellite peak from multilayer structure
- after etching: no satellite peak = damage?
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X-ray reflection profile

107 ' | ' | ' | ' |

10° Before Etching

large change at small angle region;
=> multilayer, dot structure

| ntensity(counts)
H
o-h

After Etching

2 Theta (degree)
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profile details (after

etching)

10° ¢

10*

roughness:
surfece, interface

10
10°

Intensity(a.u.)

10'5 Simulation

etch-out region:
sub/underlayer

. L uUﬂlj

2 4

6 8

2 Theta (degree)
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fitting results

A . Nominal Fitting Roughness
10°
N before e_tchmg thickness (nm) | thickness (nm) nm
10 W Beoemcing  black: simulation
3w ! Top Pt 0.9 0.90 C_ 0.90
g 10.3% [Co/Pt] ,, 0.3/0.9 0.37/0.90 0.45/0.90
= 10.4; Ta 8.0 7.45 0.50
10.52_ Glass Sub. — — 0.5
10°F - good agreement with nominal thickness
- roughness ~1nm at [Co/Pt] and top
2 Theta (degree)
of | e ati Nominal Fitting Roughness
107k
after etc_hlng_ thickness (nm) | thickness (nm) nm
101k black: simulation
- 10_25_ After Exching Top Pt 0.9 0.80 3.80
% 0‘; [Co/Pt] ,, 0.3/0.9 0.38/0.80 0.45/0.90
' 107 ¢
é 10_4: Ta 8.0 7.40 0.55
5 ) Glass Sub. — — 0.5
107k Smulation
10‘62— . :
| o - little change in ML structure (roughness)
2 4 6 8 - large roughness at the top Pt layer
2 Theta (degree)
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origin of the large surface roughness

effective Pt surface

chipped dots
but
smooth ML structure

e £

little change in magnetic properties

O\ ; /O

some dots are chipped by the over-etching condition
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clear crystalline lattice:
no damage

Etching angle : 30 deg
Etching time : 8 min.
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for further precise estimation

Issue: strong reflection from the etched-out region

\/ “ difference in reflectivity of underlayer
between etch-out region and dot region
underlayer

_ =» Analytical estimation is difficult.

oxide, mixture, ...

N\

|
-

Summation of two spectra
(or subtraction) could work well.
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conclusion

-~

Grazing Incidence X-ray reflection method
for etching damage analysis of BPM

» Co/Pt multilayer patterned media:

large surface roughness with smooth ML structure
chipping by the over-etching condition
smooth ML < little damage of magnetic properties

» lon milling process causes less damage

» Issues for precise estimation
;strong reflection from reside underlayer
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