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) Magnetic storage: size, speed, and money
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50 x 247 disks 4 x 3.5” disks

$10,000/Mbyte < $0.0001/Mbyte
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2 kbits/in? 280.000.000 > 560 Gbits/in?
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) Magnetic storage: size, speed, and money

Richard Feynman (1959

“There is plenty of roo
at the bottom”

| 1959 -10 P Atoms
J 1 P Atoms

| 1T Atoms

| 1G Atoms

|  Today -1 M Atoms

| 1 KAtoms

| 1 Atom




‘.{3 Disk drive basics

Rotating Disk(s):

Read-Write Head:
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. Disk drive basics: recording

Inductive Write Element

GMR Read Sensor




. Disk drive basics: recording

Write Head Gap
—> 70nm [<—




Q Disk drive basics: read-back

GMR Read Sensor

V magnetic bits: field pattern

Sensor structure

Contact

Antiferromagnetic
Exchange Film

Cu
Conducting

Spacer
NiFe

Free Layer

Sensor responJ;e

R GMR-effect

.




Q Disk drive basics: mechanics

ABS and the Suspensmn Magnetic Head/Slider/Air Bearing Design

200 mm Ceramic Wafer
40,000 Read/Write Heads

{.ﬂ
\ l\\.‘ ‘ ' . )

Completed Pico
Slider

126 mm

Row slicing and lapping

\ RIE milled air bearing
Load Beam

- Flexure
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Q Disk drive basics: mechanics
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. Disk drive basics: Recording Density

Transitions recorded at 1000 kFCI (= linear density)




. Disk drive basics: Recording Density
Transitions recorded at 1000 kFCI (- linear density)
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. Disk drive basics: Recording Density
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Areal density = linear density x track density
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Q! Beyond 100 Gbit/in2: perpendicular recording!

Inductive
Write Head

~—_ Write \
Current

Longitudinal Perpendicular
'/ Recording Recording
Medium Medium /

Recording medium passes right through the head gap!
- rather than just through the gap fringing field

Higher fields can write higher K, media — smaller grains




. Beyond 100 Gbit/in2: perpendicular recording!

Longitudinal Recording Perpendicular Recording

Adjacent Magnets Repel Adjacent Magnets Attract
- difficult to increase - high-density data is
areal density naturally more stable




W Beyond 100 Gbit/in2: perpendicular recording!

Longitudinal Perpendicular
Lower Pole Return Pole
Upper Pole /
Main Pole
read- write read-
element coil element
. -

i [t

Y daldlaldb
\

N
Field from Narrow Gap  Hard Recording Layer  Soft Magnetic Underlayer

Part of the head structure must be built into the disk!

= magnetically soft layer placed immediately under recording medium

» strong field concentrated under main pole writes on medium

(diffuse ‘return field’ under return pole is too weak to affect medium)
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‘. Perpendicular recording

Return Pole

/

/

read-

element

Main Pole

Exchange
Break Layer

/

it

i

il

f
\\EJJ/

\

\
Soft Magnetic Underlayer

Hard Recording Layer

Advantages:

- higher write fields

- better high density stability
- smaller read-back spacing
- better grain orientation

Disadvantages:

- much thicker structure

(surface roughness)
- more layers / complex processing
(new tooling? - investment)
- exchange break (between HRL and SUL)
- SUL magnetization
- new materials/structures needed




‘. Perpendicular recording

Return Pole
/
/ Main Pole
read-
element
o @
; b
) \

/

\
Soft Magnetic Underlayer

Hard Recording Layer

Advantages: fundamental

- higher write fields

- better high density stability
- smaller read-back spacing
- better grain orientation

Disadvantages: technical
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. Disk drive basics: recording

GMR Read Sensor




Q Media basics

Electron micrograph of media:

Grain size distribution

<D>=8.5%2.5 nm

Grain boundaries
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Q Media basics

Electron micrograph of media:

Grain size distribution

<D>=8.5%2.5 nm

Grain boundaries

<d>=1-1.5 nm

How do you do that?

W

- suitable layer structure
- deposition processes




Q Media basics

Media manufacturing:

Circulus Tool: sputtering

- 12 stations (12 simult. processes)
- 2 heaters, 1 cooling

-Pp.ce <1 x10°7 Torr

- RF sputtering

-T<450C

~ 6 seconds cycle time
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Q Media basics

Electron micrograph of media:

Grain size distribution

<D>=8.5%2.5 nm

Grain boundaries

<d>=1-1.5 nm

Why do you need that?

- stability
- recording performance




) Media stability

-

lower limit for K, |V




O recording | “writing at all’

- fast (<1 ns)
- no thermal activation

E; <0
Happl > HS (~ KU)

upper limit for K

=) | [Ower limit for V




O recording |l “only recorded information can be read back”

- defined position




O recording |l “only recorded information can be read back”

- defined position




Q recording lll “magnetic super-resolution”

—> 70nm |[«<— +H

media switch!
—

v

narrow H,-distribution

mmp | narrow K, -distributit
=>

narrow M.-distributio




‘. Perpendicular recording

Return Pole
/
/ Main Pole
read-
element
o @
; b
) \

/

\
Soft Magnetic Underlayer

Hard Recording Layer

Advantages: fundamental

- higher write fields

- better high density stability
- smaller read-back spacing
- better grain orientation

Disadvantages: technical

- SUL magnetization




L. Perpendicular recording: AFC-SUL

(" singleSUL Y  AFCSUL Y Pinned AFC SUL \

y 0 A
Soft y 4 Ru —/, CoTaZr /}
CoTaZr
Under- 28{"‘,,2; 7 7 pin s CoTazr .
Iayer CoTaZr Intlng

Kerr
image
Spike-|| / I
noise (| 700y
map jal
(spin-
stand)

Much spike noise  Very minor evidence No spike noise
of spike noise




‘. Perpendicular recording

Return Pole
/
/ Main Pole
read-
element
o @
; b
) \

/

\
Soft Magnetic Underlayer

Hard Recording Layer

Advantages: fundamental

- higher write fields

- better high density stability
- smaller read-back spacing
- better grain orientation

Disadvantages: technical

- new materials/structures needed




O Perpendicular recording: Exchange Spring Media

basic functionality H=0 |H l H lH
’ + + t
an () (|V)|

H

ESL~,

. Magnetization M

40 5 0 5 10
applied field H
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O Perpendicular recording: Exchange Spring Media

basic functionality

H=0 |H lH lH

4 ¢ ¢ t
M, (m). (IV).
SWItCh gl
H talh/:st
ESL stability

. Magnetization M

40 5 0 5 10
applied field H
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1 Perpendicular recording: Exchange Spring Media

H=0 |H lH lH

reversible
7\ + + 7\
1
1

()

basic functionality

an () | (Iv) |

switching
H catalyst

EBL 1tLnnni
SUL

. Magnetization M

\_/'

40 5 0 5 10
applied field H
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1 Perpendicular recording: Exchange Spring Media

basic functionality

H=0 |H lH lH

reversible
7\ 7Y A 4

I . an am, v,

switch
catalyst
stabilit

Exchange Spring Structure

—
O
| wj

PP
| 0 5

ESL~,

J——
-
~
-~

EBL
SUL

A. Berger, N. Supper, Y. lkeda, B. Lengsfield, A. Moser, and
Fullerton, Appl. Phys. Lett. 93, 122502 (2008).

A. Berger, E. Fullerton, H. Do, and N. Supper,
US Patent No. US7687157

\/ A. Berger, B. Lengsfield, H. Do, N. Supper and E. Fullerton,
US Patent No. US7550210B2
A. Berger, B. Lengsfield, H. Do, and N. Supper,
US Patent No. US7582368B2




1 Perpendicular recording: Exchange Spring Media

Media structure: adding a Coupling Layer (CL) - tuning the Link

med/a exper/ment

~ Link

i‘?

1

\ /

00 05 10 15
d (arb. units)
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O Magnetic Write Heads: Slider

Magnetic Head/Slider/Air Bearing Design

—_— hoomime. 200 mm Ceramic Wafer
s 40,000 Read/Write Heads

Completed Pico
Slider

126 mm

Row slicing and lapping
RIE milled air bearing




O Magnetic Write Heads: components

magnetic conector

upper magnetic layer

magnetic write pole

return pole
lower magnetic layer

ger@nanogune.eu | www.nanogune.




Magnetic Write Heads: advanced geometry

CoFe

D NiFe .Resist .G._. . AlLOy/Si0, .Hi Bs

Horizontal stale .
exdggerared coil lead
e
L
=2
Lllo| |o Z
Al BERS
22| S| pole
2112 | 3 =3
Fl=] |5 =
— e :f:,
Reader 21 2 -
= 3iR=
] =
HI
Air-Bearing Surface (ABS) R

Main
pole

Tww =
~180nm

ABS
view

2

Reader

CoFe (2.4 T maximum)




O Magnetic Write Heads: advanced geometnl H

Rectangular Pole-tip Trapezoidal Pole-tip
track-width track-width
trailing * : Very trailing  «—s
edge % large edge g i small
2/ erase. ! erase-
i  band i band

N\

\

15° media pole-tip
. thickness
skew  motion

XL L ETR T Y]

pole-tip

thickness 15

skew

Detant PosINon e Unicadd
e o BudpendlenlA ctiatar
R Position

At large actuator angles rectangular pole-tip can damage
adjacent track and leaves large ‘erase-band’

Solution: side-wall bevel

Ensures all features of pole-tip always stay within
trailing edge




.y Magnetic Write Heads: remanence

E
- 1.0

Output Instability E‘ os |31 ;
due to unpredictable

2 0.6 i
head remanence = 04
causing data erasure £ 02

Z 0 :

0 20 40 60 80 100
Number of R/'W Tests
Solution:

Multilayered Pole

~—

f\ /'-.
-
- i

-

Mag. Layer

Pole Width  Throat Height Non-mag. Layer
= 60 nm = 60 nm
Remanent Field (Calc.) = 1700 Oe Remanent Field = 200 Oe
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L. Magnetic Read Heads

Inductive Write Head
Pole Width
P2 Layer o -—
D S
Cuppﬁr Write Coils i |
® |

: {:Ixhoat Height

Inductive Write Head
P1 Layer & « _
Head Top Shield  ~

GMR Confacts Sottom Shield

- i
& Hard Bias ——GMR Read Sensor
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O Magnetic Read Heads

Read Head

hard bias layer

\/ + contacts

MR sensor
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W Magnetic Read Heads

Low-field implementation of GMR:

ensor layer detects
agnetic transitions

/E disk media

spin-up

/' electrons

y
Sensor curkgnt

sensor magnetic layer

conducting spacer

spin-down fixed magnetic layer
electron

Pinning

Antiferromagnet
Parallel state: Pdown << Pyp [short-circuit]

Antiparallel state:  pyon ~ pyp  [average resistivity]




O Magnetic Read Heads

CIP: Current CPP: Current
In The Plane Perpendicular
To The Plane
Lead Lead
I Shield
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O Magnetic Read Heads

Pinned layer - H
A
fmfw :
c
Free layer 8 Structure |AR
> = intrinsically
3 linear
I W
Hsat 0
|
IHsignaI H Idisk

R =R, + (AR/2)[1-cos (0)]
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O Magnetic Read Heads
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O Magnetic Read Heads

a.ber: u




O Magnetic Read Heads

a.ber: une.eu




O Magnetic Read Heads

er@nano, u
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O Magnetic Read Heads
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O Magnetic Read Heads
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O Magnetic Read Heads
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) Future Technology Options

SMR (Shingled Magnetic Recording)

is important for design.
* No flux constrictions into head
* No ATE (no repetitive writes)

le-write Process track layout for shingle-write
s are heavily overlapped. :

* Insensitive to pole-width variation -

* Only one comer of write-head ‘

head field contours

U 1.5 times stronger write field
U Continuous Media
U Band (Block) write same as SSD
« Complex write process, but much less ATE concern.
U No pole width related yield loss.
{ About 30% higher TPl due to smaller side erase band. _,




. Future Technology Options
Bit Patterned Media




) Future Technology Options
Bit Patterned Media

[ Existing Template Fabrication Media Fabrication Process

New L7 S
’

~
-

Patterned imprint resist

Rotary stage e-beam
Patterning

PMR media deposition

i | Y - v
: _ v i | Nanoimprint
: Directed i v EtoH lon |mplant tic 1
1 ) chin
self-assembly ! Pattern transfer |~_, i AR
v (etch / implant)
: Master template | ¥ e
fabrication Planarization | .
! M i ¥ " Planarization Mask removal
g Template Lube and burnish 209
e Tloetan v e —
R SSERRREEEEE LR g Inspection

10,000 replicated
1 master (e-beam + nanoimprint templates 100,000,000

self-assembly)
HITACHI - T,
Inspire the Next

patterned disks




) Future Technology Options
Heat Assisted Magnetic Recording

Laser
GMR

Write coils

“ /=77

A Heat spot

e Writing process at high temperature (other phase)

e Storage and Stability at room temperature
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Future Technology Options
Heat Assisted Magnetic Recording

Drive
Temperature

Available Head Field

Temperature

127-bit Pseudo Random Sequence

o Head Field ON

Laser ON

— Writer above, laser below configuration '
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