Grazing Incidence X-Ray Diffraction of Longitudinal and Perpendicular

M agnetic Recording Mediafor HDD
MichioOHSAWA,  Fuji Electric Corporate Research and Devel opment, Ltd.
ohsawa-michio@fujidectric.cojp
Longitudind meagnetic recording media for HDD incressed the recording density to 60Ghitsin® (80GB/disk), and
perpendicular magnetic recording media achieved the recording density of 150Ghits/in’. For further increase of the recording
dengty of longitudind megnetic media, antiferromagnetic coupling (AFC) with a thin Ru layer between top and bottom
ferromagnetic thin films was proposed. The optimum thickness of the Ru layer is about 0.8nm. We measured grazing incidence
X-ray diffraction (GIXD) profiles in drcumferentid and radid directions for each layer of AFC media The X-ray energy was

10keV, and the grazing incidence angle was 0.2 degree. Fgure 1
shows inplane diffraction profiles in the circumferentid direction
for each layer of AFC media As shown in the diffraction profile of
the Ru layer 081 thick, hcp-Ru(002), (100) and (102)
diffraction pesks are observed for thefirg time from such athin Ru
film of AFC mediawith hcp-Co pesksfrom bottom megnetic layer.
For perpendicular magnetic media, we observed for thefirg time
foc phase with hep phase in CoCrP-S O, granular megnetic media,
in which 150Ghitsfin recording density was achieved, by using
GIXD with x -axis sdting. By reducing fcc phase content in the
megnetic layer, the recording densty of perpendicular megnetic
mediawould increase up to 400Ghitsfin? in neer future
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Fg. 1 Inplane diffraction profiles of each layer of
longitudind recording AFC magnetic media
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Grazing | ncidence X-Ray Diffraction of Longitudinal

and Perpendicular M agnetic Recording Media for HDD

Michio OHSAWA
Fuji Electric Corpo. R & D Ltd.

My Talk I1sabout

(1) in-planediffraction of athin Ru layer in antiferro-
magnetically coupled (AFC) longitudinal recording media

(2) detection of FCC phasein perpendicular magnetic
recording media

by grazing incidence X-ray diffraction (GI XD).
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Recent Trend in Magnetic Recording Mediafor HDD

Longitudinal Media 60Gbits/in2  120Gbits/in2 2003
(80GB/disk (160GB/disk
antiferromagnetic interlayer coupling (AFC ) using
athin Ru layer has enhanced thermal magnetic stability.

Perpendicular Media 150Gbitgin2 400Gbitsg/in2 (future)
granular magnetic layer has been developed by Fuji
Electric Co. and isexpected to improverecording density.

| will show that GI XD at undulator beamline BL16XU in SPring-8is
very powerful for thecrystallographic analysisof the polycrystalline
thin filmsin theserecently developed media.
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(1) In-Plane X-Ray Diffraction of athin Ru Layer of AFC
L ongitudinal Magnetic Recording Media

AFC (antifferomagnetic interlayer exchange coupling ) Media

E . Top Magnetic Layer E
Rulayer 0.8nm B(Recor?\;ngLayerL) )
Spacer . Bottom Magnetic L ayer
—— Stabilizer ——
«— Underlayer
(Cr-alloy
O.8nm Al Substrate
Ru: 4 atomic layers

Magnetic Stabilization

Rolesof the Thin 0.8nm Ru layer
(1) Spacer for AFC thin and non-magnetic
(2) Crystallographicrolefor the layered structure?

.

We havetried in-plane diffraction measurements.



M easur ements of In-Plane Diffraction @ S
[

X-ray source and Optics
In-vacuum type undulator at BL16XU in SPring-8
S(111) double monochromator
a cylindrical mirror (incident angle: 4.5mrad
Apparatus for X-ray diffraction
4-circle diffractometer
M easur ement conditionsfor in-plane diffraction

photon energy: 10keV (A =1.24
grazing incident angle: 0.2 degree (Total Reflection, Reflectivity > 90%)

incident dlit: 0.1mm (horizontal) x 1mm (vertical)
receiving dit: double dits
detector: SC .//

scan: 20 scan

grazing incident angle
(0.2 degree)
N

slit
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Scattering Vector:
Radial Direction

Scattering Vector:
Circumferential
Direction
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In-Plane X-ray Diffraction of Each Layer of AFC Media:

SPring-8 beamline BL 16XU, 10keV

HCP

hcp-CoPt(002)

hcp-CoPt(101)

Scattering vector
circumferential direction

hcp-CoPt(100)

hcp-CoPt(102)

Top Magnetic L ayer ‘

20

65 RU(002) CoCr Pt
o hcp-Ru(102)
| hcp-Ru(100) T ‘ 5 Ru L ayer
cp-Co(002) 0.8nm thick ‘

hcp-Co(100) / '\ hep-Co(101)

P
N

hcp-Co(102)

HCP Bottom M agnetic L ayer
CoCr
BCC bee,Cr (110) Under layer bce-Cr (200)
30 35 40 45 50 55
20 degree
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In-Plane X-Ray Diffraction of Each Layer of AFC Media:
SPring-8 beamline BL 16XU, 10keV

hcp-CoPt(101)
hcp-CoPt(101)
hcp-CoPt(101)
|

HCP

Scattering Vector : Radial Direction

Top Magnetic Layer ‘

hcp-CoPt(102)

L

hcp-Ru(101 CoCrpt 20
hcp-Ru(100) o
HCP l Ru Laye_r hcp-Ru(102) k\’//
0.8nm thick \
hcp-Co(OOZr)] Co10)
hcp-Co(100 SRS | ]
ep o | Bottom Magnetic Layer "oP-Co(102)
‘M CoCr ‘
‘ Underlayer bee-Cr (200
BCC bcc/Cr (1:10) Sy cc-Cr(200)
) ———M\—_h
30 35 40 45 50 55

29

degree



In-Plane X-Ray Diffraction of Ru Layer and Bottom Magnetic Layer:
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X-ray Diffraction Intensity x 103cps

SPring-8 beamline BL 16X U, 10keV
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HCP

hcp-Co(002)
hcp-Ru(002)

l

hcp-Co(101)
|

Ru(100)

1

hcp-Co(002)
|

hep-Co(100) hcp-Co(101)

c-axesof hcp-Co liein circumferential direction

| Bottom Magnetic Layer

Scattering Vector
Circumferential Direction

c-axesof hcp-Ru liein circumferential direction

epitaxial growth

hcp-Ru(102)
Ru Layer l hcp-Co(102)

0.8nm thick

hcp-Co(102)
CoCr ‘
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X-ray Diffraction Intensity x 103cps

In-Plane X-Ray Diffraction of Ru Layer and Bottom Magnetic Layer:
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SPring-8 beamline BL16XU, 10keV

hcp-Ru(100) 1

1 HCP

hcp-Co(100)
| HCP

hcp-Ru(101)

hcp-Ru(002)

1

hcp-Co(1
hcp-Co(002) ‘

Scattering Vector : Radial Direction

hcp-Ru(102)

Ru L ayer l hcp-Co(102)

0.8nm thick

hcp-Co(102)
Bottom Magnetic L ayer

CoCr
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2 Detection of FCC Phase
In Perpendicular Magnetic Recording Media

FCC Phasein Magnetic L ayer

Protective Layer

_ HCP-Co alloy
Magnetic Layer (10 nm)| {um L ow M agnetic Anisotropy
Non-Magnetic L ayer low thermal stability
Origin of Noise

Soft Magnetic L ayer Evaluation of FCC phase content

In the magnetic layer is
Important, but difficult for the
Substrate preferentially oriented HCP-Co
alloy thin films.

&8

Wetried GI XD measurements
at BL16XU in SPring-8.

Layered Structure of

Perpendicular Magnetic Media



Granular Perpendicular Magnetic Layer JR—=«ontrumers
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Perpendicular Magnetic Layer =)
Developed by Fuji Electric Co.

Granular Magnetic Layer
(CoPtCr-S0O2) Prepared by
Sputtering at RT
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Recording Density: 150Gbitg/in2 ) &
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Experimental TEM Image (Plane-View)
Samples: CoPtCr-SiO2 (20nm thick) (averagegrain size: 6.7nm)
Sample A (Pt Content : low
SampleB Pt Content : high
GIXD
at BL16XU in SPring-8

grazing incident angle: 0.2 degree
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Method of FCC Phase Detection in Co-Alloy Thin Film = e-rront rumers

Detector (SC)

Detector (SC)

Grazing Incidence

Total Reflection
In-Plane

x  90°

|

|
Grazing Incidence
Total Reflection

X -AXis Setting
0° <x < 90°
GI XD by 4-Circle Diffractometer
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X -AXis Setting
90°

In-Plane
X =90° )
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Detection of FCC Phasein Sample A

20nm

thick CoCrPt-S 02, Pt content; L ow
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fcc-

hcp-CoPt(101)

X angleof x -axis
J interplanar angle between

1 diffraction plane and surface
/\ hcp-CoPt(102)
fec-COPY(200) |-t X Z365° Y =431

oPt(1|11)+hcp(O

x =90°

X =60.2° Y =619°

'W:69.5° Y =705° |

hcp-CoPt(100)

x =52.0° ) =54.7°

fcc-CoPt(220)
hcp-CoPt(110)

P =90° In-Plane
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X-ray Diffraction Intensity

20 -

=
o1

N2~
X 1°57Ps

Detection of FCC phasein Sample B
20nm thick CoCrPt-Si02, Pt content; High
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hcp-CoPt(101) X X -axis
'] y Interplanar angle between
/4\ diffraction plane and surface
hcp-CoPt(102)
fcc-CoPt(200) | x =365°  =43.1°
M_%

X =52.0° ) =54.7°

fc )+hcp(0 X =60.2° Y =61.9° fcc-CoPt(220)

hcp-CoPt(110)
w9.5° Y =70.5° |

hcp-Co|Pt(100)
X =90° Y =90° In-Plane

30 35 40 45 50 1] 60
20 degree




X-ray Diffraction Intensity x 103cps

FCC Phase Dependence on Pt Content in Perpendicular Magnetic

2 Layer (CoCrPt-SI02, 20nm) Pt content Sample B > Sample A

fcc-CoPt(200)
hcp-Ccit(lOl) FCC phase content:

Sample B > Sample A
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- Sample B
N P
X =52.0° Y =54.7°
10 | “
Sample A
o Sample B
N\
X =60.2° Y =61.9°
0 ' 3z ' 34 ' 36 ' 35 ' ' ' 4z Sam!?leA 45 ' 43 ' -
30 40 50

20 degree
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About thelongitudinal magnetic recording media,

we estimated for thefirst timethe crystal structure, preferred
orientation and lattice spacing of the 0.8nm thick Ru layer in the
AFC mediawith thein-plane diffraction at BL 16XU in SPring-8.
The 0.8nm thick Ru layer grows epitaxially, and have the same
crystal orientation asthetop and bottom magnetic layers.

About the perpendicular magnetic recording media,
we detected for thefirst time FCC phasein HCP phase granular
magnetic layer with the GIXD x -axissetting method.
The FCC phase content increases with the increasing Pt content in
the magnetic layer.

Undulator beamlinein SPring-8 isvery powerful for the
crystallographic analysis of thin filmsin recently developed
magnetic media.
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