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B Scaling means that everything shrinks and the system still works
® Requires vastly improved processes
® Higher mechanical precision

B Signal-to-noise ratio drops when things are scaled smaller
® Requires new sensors and materials
® Improve signal processing
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Longitudinal EE % Perpendicular |4
Lower Pole ¥ Return Pole é
: -f.tr 10 yea After 10 years
Upper Pole Main Pole
read- write read-
element coil element
\A

Field from Narrow Gap ~ Hard Recording Layer Soft Magnetic Underlayer

m Disk material can be thicker, which makes small grains more resilient to
super paramagnetic effect

m  Soft under layer allows head to provide stronger field to make it possible to
write on media with higher stability

m Adjacent perpendicular bits stabilize one another

N—RFARIRSAT OIS, FHTE A SRS © 2008 Hitachi Global Storage Technologies 4/4/2008 11

N—FT1RIF547(HDD)D 5.
B e M AR

HDD D W ZEFF

@®Hitachi Global Storage Technologies

HITACHI

Inspire the Next

© 2008 Hitachi Global Storage Technologies

21




RLERREAEIRRED A A— (REER T ) el

Image of Recording Density
— Track Width and Bit Cell Size for ~250Gb/in2 —

x 20,000

Outer Most .
sk it
Inner Most AR AFRRARRRRRRRRFRFRRTFRFTHAT
rac Bit Cell
— et

A | Inner Most Track ]

Disk Rotation

N—RFARIRSAT OIS, FHTE A SRS © 2008 Hitachi Global Storage Technologies 4/4/2008 13

HDD{L EROIFIMT DA A— HITACH!

— FI AN O XFHDOEHR —

F4RY BROEE
AyL ~20nm

X9y /
#2A Y3y

¥R

x 9,500
35mm '

—J—  x 1,080,000

S

207kyards (189km) Hole in One I’ . =< 333m

N—RFARIRSAT OIS FHTE A AR5 © 2008 Hitachi Global Storage Technologies 4/4/2008 14

22



BMINVEDBINELEDAA—D L

Image of Magnetic Head Flying

Magnetic Magnetic Head
Head /— Grain of Smoke
(0.1~1m)
acteria
Disk (0.5~10 1 m) Hair
(70~
100 u m)
Flying Height
(~3nm)
Fingerprint
(10~15um
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Transistor
Quantum Dot
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0.1 1.0 10 100 1,000 10,000
Nanometers
N—RFARIRSAT OIS HHT A 2o RS © 2008 Hitachi Global Storage Technologies 4/4/2008 17

FEHESAVFDEELEETEME HITACHI

R
(A,0,~TiC)

© 2008 Hitachi Global Storage Technologies

24



GMRAYR DB 4 R Ll

BT
s SRR

BEAERIZZ S

- RBESHS

EUBR)

EREILE (%)

N\
S ERHE SR H
@ — BEM ORISR
N—RFARIRSAT OIS FHTE A AR5 © 2008 Hitachi Global Storage Technologies 4/4/2008 19

X@ER A= B & 5 REIRESEERTOH L

XMCD (X-ray Magnetic Circular Dichroism) : X#&# S A= &%

THRE. BEE—. AT H, KRCE FE3ME BARISABESFS(2007)
SPring-8.”BL25SUDXIMCDEE 4 o

X-ray X-ray v
> bias
H
H H Mpin

PRL: 91, 017203 (03)

0 330 640 650 660 670 680

ol Mn 7 o 2pndavesli
M

3 [m]
s 02 1€ s
o = M n
FM 2 = <
# =
CoFe S
— B !
«— ° .
- r
— B3 WA
e Co
uL IBLR
Sub.
1
760 780 800 820 840 —2000 0 2000
Layer Structure Energy (eV) Applied Field (Oe)
N—RFLRIRS LT OIS . BB S Fe S © 2008 Hitachi Global Storage Technologies 4/4/2008 20

25




BRI R DR oLl

Challenges
Lubricant Low Mobility, High Coverage
Overcoat Durability, High Coverage, Thin

Magnetic Layer* |High S/N, Easy to Write (Low A)
Thin Mag Layer (Inter Layer)
Under layer* Anti-Thermal Fluct., No Defct

Substrate Fewer Ridge&Defect, Line Density
(Texture) Less Micro Waviness, Low cost
rMagnetic Grain Easy\ High S/N Key Technology
Grain  Boundary Axis

Anisotropy, Low 0 Hk

%@ l:> Segregation
' Control Orientation (including Tilt)
‘ Hik Small Grain
L ) | Uniform (Size/Comp)

*Perpendicular Recording: Thinnest Intermediate Layer, Small Number of Layers,
Noise Free Mag-underlayer, Discrete/Patterned MediaMedia
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1-2 Tb/in23E1] (2 M) T -3 %E L Sl
Extension of Conventional Perpendicular Technology
| Head Challenges | THemma | Media Challenges |
Writer ert'e-abllllty . RIW
) . . High Field/Gradient .
High Field/Gradient H!gh S/N -
Narrow Tww, AE, AW I *\a Thermal High Therrr_1a| Stability
Less ATI Stability Easy-to-write
el & ATI ATI Robustness
Reader Media S/N e
High SIN Small grain/ '9 Reliability
Narrow Twr, AR cluster Thin and reliable
High Stability overcoat and lub
High Resolution Anti-corrosive
Low Resistance _ Smooth Substrate
Slider Lapping Accurate Positioning
Small SH o Signal Processing, High Transfer Rate, etc
Small Recess Narrow Magnetic Spacing/ H-M Clearance CTL
Thin COC High Reliability
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Chip Piezo Sensor

500nm 1Tb/in?

2nm 2Pb/in?
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