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Perpendicular recording, or the technology for storing magnetic bits of information
vertically with respect to the disk media surface, has been studied for many years. Recent
limitations in conventional longitudinal recording technology for disk drives, specifically in
data stability at very high areal densities, exceeding 100 Gbits/in?, have prompted
renewed interest in perpendicular recording. A weathervane for this progress has been that
recent demonstrations performed in several laboratories at the highest areal densities have
been accomplished principally with perpendicular heads and media. This IDEMA symposium
will address progress made since our last February 2002 event and emphasize such mature
subjects as standardization of structures for heads and disk media, component integration,
as well as such industry impacts as timing and costs, from the migration to perpendicular
recording. How this technology could be applied to HDD products will constitute a summary
for the symposium.

8:00-9:00am Registration and Coffee

9:00-9:10am Welcome and Introduction: Ed Grochowski, Hitachi GST



Session I:
Theory and Mechanisms

9:10-9:40am
Mason Williams, Hitachi GST
“Introduction to Perpendicular Recording”

An overview of perpendicular recording, its early history, potential advantages, timeliness
and challenges. Why perpendicular recording hasn’t dominated in the past, why
perpendicular recording is of interest now, some of the significant differences and the key
technical challenges for perpendicular recording progress.

9:40-10:10am
Dr. Neal H. Bertram, Professor and CMRR Endowed Chair, UCSD

“Critical Aspects of Perpendicular Recording: 200 Gbits/in? and Beyond”

Perpendicular recording appears to be the major candidate for the growth of information
storage beyond areal densities of 200 Gbit/in®. Reasonable raw error rates are achieved
with transition jitter (the dominant medium noise) variance about 10% of the bit cell. This
requirement places stringent demands on allowable medium grain diameters. Record data
stability limits the minimum medium coercivity. These two conditions are difficult to
maintain due to write pole saturation. In this talk these aspects will be explained in some
detail. It will be argued that novel head design (the “shielded pole” ) and/or novel media
(“tilted perpendicular media”) are required to achieve densities beyond 200Gbit/in?. In
addition, effects of edge track erasure and DC noise will be discussed.
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Brief abstract

.

* An overview of perpendicular recording, its early history,
potential advantages, timeliness and challenges.
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Outline

* Definition of perpendicular recording

* A little history

 Comparing the write head geometries

 Why perpendicular recording hasn’t dominated in the past
 Why perpendicular recording is of interest now

 What are some of the significant differences

 What are the key technical challenges for perpendicular
recording progress?

H 'TACH' M. Williams - IDEMA symposium -2/26/04
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Definition of perpendicular recording

 Recording in which the predominant direction of the
recorded magnetization in the medium (disk) is
perpendicular to the plane of the medium, as contrasted
to longitudinal recording in which the recorded
magnetization is mostly in the plane of the medium.

 Today we will focus on geometries in which the disk has a
maghnetically soft under-layer below the storage layer to
help orient the write field and increase the efficiency of
the write head by providing a low reluctance closure path.

* (What Prof. lwasaki calls REAL perpendicular recording.)

H ITACHI M. Williams - IDEMA symposium -2/26/04
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Perpendicular/Longitudinal recording geometry
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A little history

* 1898, V. Poulsen initially thought his steel wire audio
recorder utilized perpendicular recording because he
arranged two poles on opposite sides of the wire, but
eventually found that a slight misalignment was
necessary for good results- the medium was longitudinal.

* 1958, A. Hoagland publishes shielded pole head design as
IBM almost follows Ramac with a perpendicular recording
design using a soft under-layer, but drops it due to media
defect difficulties.

1977, S. lwasaki introduces CoCr perpendicular media in a
tape configuration with simple pole and auxiliary pole.

* 1978 Ilwasaki adds a soft under-layer to his CoCr medium.

2000 H. Takano, et. al., of Hitachi report over 50Gb/sq.in
demo at Intermag Conference.

H lTACH l M. Williams - IDEMA symposium -2/26/04
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From A. Hoagland’s1958 paper in IBM Journal of R. and D.

N\

* HiMu 80 pole and shield were
separated by copper shim
shield gap.

* Paper explains sharper field
derivative with shielded pole
head design.

* Medium was a magnetically
soft steel substrate which
worked as a soft under-layer
covered with an oxide film
which was the data-storage
layer produced by the
“steam-homo” process.

* Motivation was density and
low cost for simple head
design.

Figure /2 Design of probe-type recording head.

H lTACH l M. Williams - IDEMA symposium -2/26/04
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Recording head geometry overview

Longitudinal dium moves left) Perpendicular
HITACHI % Williams - IDEMA sgnrwrr]oesiunlwleZ/26/04 ) p
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Recording geometry detail
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Magnetization, longitudinal and perpendicular signals
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Readback signal differences

eE________ __ _________ ___ O

* The perpendicular signal looks like the magnetization; the
longitudinal signal looks like the derivative.

 That’s because the poles detected by the read head are
on the top of the recorded magnets for perpendicular and
are between the magnets through the depth of the
medium for longitudinal.

* The perpendicular head has response down to dc.

* The peak to peak signal for the same M and t can be
larger for perpendicular and there is slightly better high
frequency response due the poles being at the top
surface.

 Often a channel may be adapted to perpendicular
recording simply by changing tap-weights.

H ITACHI M. Williams - IDEMA symposium -2/26/04
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Why perpendicular recording hasn’t dominated in the past

e
* (Disclaimer: this is just my speculation)
* When areal density was primarily limited by resolution

(flying height and head dimensions), the relative
advantage of perpendicular was small.

* With longitudinal recording progressing at a rapid rate,
60% or more per year, the entrenched technology was a
moving target.

 Any advantage to perpendicular was eliminated by the
additional time required to solve problems with its
complexity, e.g., defect and noise free soft underlayers,
sensitvity to stray fields, media s/n.

H ITACHI M. Williams - IDEMA symposium -2/26/04
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Areal Density Megabits/iA
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Why perpendicular is of interest now

 We are getting to areal densities where longitudinal
recording is starting to see limitations in the rate of
progress due to the need to keep grain magnetization
reversal energy barriers above 40kT to ensure stability.

 This means we can no longer simply scale down the
thickness of the medium along with the gap, flying
heights, track widths etc.

 While we could scale, the areal density increased
inversely with the square of flying height.

* Now it is much more difficult to advance longitudinal
recording.

* The same read head appears to provide a narrower read-
profile with perpendicular recording.

H ITACHI M. Williams - IDEMA symposium -2/26/04
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Comparing read track profiles

-
=)

Normalized Signal Amplitude
o
o

200 -100 0 100 200 -
Offtrack Position (nm)
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Approximating longitudinal limits from 3 criteria

* Percolation: Bitcell lengthB 5, _; _ |4Miy
>= 3 * a (using wc a) oH

e Jitter media noise: B>=10 *

rms transition jitter for 10° B =10, =14.2a./g/w

on-track error rate

 Thermal Stability: grain _ 2
energy barrier >= 60 kT. 60KT = HMig

. Grain size g, read widthw. D =1/(2Bw)
* Eliminate Mt, solve, get

approximate areal density [ W
limit: : LW ?mf Ty
1, _ 164Gb/sgin. (}%OKO ) gonlt
\/(y/lOnm) e | ¥

Y is magnetic spacing to center of medium;
H is HO that can be written.

AFC media can improve on this somewhat by reducing MHV for stability.
HITACH' M. Williams - IDEMA symposium -2/26/04
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Comments

* Limits on perpendicular appear to be somewhat higher
and increase if we can increase head field derivative for a
given flying height.

* Unfortunately, they are not as easy to express in 3
equations. INSIC work indicates 700 Gb/sq.in. may be
conceivable, and perhaps beyond 1 Tb/sq.in..

* If the areal density goes linearly with HO, perhaps a larger
H can be written with the perpendicular geometry where
the medium is essentially in the gap rather than near it.

* For these reasons, it appears to be worthwhile to look at
how far perpendicular recording can be pushed.

* Note that a perpendicular system must be developed and
optimized to be superior- no one should expect all
perpendicular systems to beat all longitudinal systems.

H lTACHI M. Williams - IDEMA symposium -2/26/04
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Significant differences

e __ ___ ___ _____ @ @

* Perpendicular recording linear resolution is even more
sensitive to the narrowness of switching field
distributions than is longitudinal recording.

* A perpendicular pole writes everywhere under the o
magnetic material in contact with the medium. Ifthe _ . ”“ Ll
system must work at sizable skew (say 15 degrees), this "

limits the down track length of the pole that can be used
to carry flux down to the abs. This in turn means very Arual 2

"}"\ E: A L/\

short throat heights are required in skew tolerant writers. i~

* The signal of a perpendicular system at low density is
proportional to MrT but also inversely proportional to the
head-underlayer spacing. This means sensor thickness
may have to be designed to match specific media.

H ITACH l M. Williams - IDEMA symposium -2/26/04
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Advantage of short-gap trailing shield head

Increased dHy/dx.

Increased dHy/dz
with wrap-around
shields.

Increased angle
between write field
and average easy
axis direction.

The increased angle
helps with writing
and improves
media jitter due to
scatter in easy axis
direction.

M. Williams - IDEMA symposium -2/26/04
Copyright © 2004 Hitachi Global Storage Technologies

Half field at
X=4S/n=1.3S

Half eff. field at
X =.8S (approx)
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Stoner-Wohlfarth Hsw vs angle

/Switching field
0.5HO

Hy,( )=H{sin) >+ cys0 [

0 | 45 Heﬁ( ):H>([ SiID 2/(+ C))Sé’ 2/3]3/2
Field angle
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Jitter due to variation in Hsw

AH(HH): HSW(HH - 100)_HSW(9H + 100)

J=~0.5x A}fgﬂ)x \/; Experiment:4-5dB

dx Gain in media s/n

25

Rel jitter (-dB) | .| ; | //
o

0 10 20 30 40

Field angle
H ITACH I M. Williams - IDEMA symposium -2/26/04
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INSIC 1 Th/sq in geometry — Mallary design

Pole flare distance
Pole half-widtk

Pole length — | |
Side-shield gap

Trailing shield

* (y-z plane is symmetric centerplane, x>0 only shown here)
H lTACHl M. Williams - IDEMA symposium -2/26/04
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INSIC 1TB model parameters

e @@

e Shield throat (thickness) 20 nm

 Shield flare distance 20 nm Max Hy 15KQ0e
e HUS 25 nm
* Gap to side shields (1.5) * hus Max Heff 20 KOe

* Gap to trailing shield 1 * hus
e Current 54 milli-amp-turns

Without side shields With side shields

H lTACHI M. Williams - IDEMA symposium -2/26/04
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The write field problem

* Because the entire bottom of the pole writes, we need a
pole not much longer than a track-width to avoid writing
on the adjacent track at large skew, or, at best, a
trapezoidal pole about two track-widths long.

* Flux leaks from the sides of the pole to the soft under-
layer. If the pole cross section must remain constant up
to a “flare point”, the flux density at the pole-tip will be

significantly less than that at the flare point:
B A
2l

-

B, A+—2-P81n(l+§—)

n

Here, A is pole-tip area, S the head-underlayer spacing,
F the distance to flare and P is the perimiter of the pole.
Trailing or side-shields steal even more flux, requiring
short shield throats.

H ITACH l M. Williams - IDEMA symposium -2/26/04
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Key challenges

* To get the most linear density, it will be desirable
ultimately to use heads with trailing shields (as proposed
by A. Hoagland and, more recently, by M. Mallary. These
designs will require write heads with throats controlled as
well as reader stripe heights are presently controlled. This
Is a challenging alignment or process issue.

* Uniformity of media parameters including easy-axis angle
distributions, Hk distributions, inter-granular exchange
distributions and grain size distributions is key to
obtaining the best performance.

H ITACH l M. Williams - IDEMA symposium -2/26/04
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Critical Aspects of Perpendicular
Recording

200GBit/in? and Beyond

F. N. Bertram

CMRR, UCSD, La Jolla, CA
92093-0401

Email: nbertramQucsd.edu

LJCMRR

er for Magnetic Rec
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Record/Replay Geometry of
Keepered GMR Head(200Gbit/in?)
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Replay Puilse with GMR

Perpendicular

GMR sensing
element
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Perpendicular Isolated Pulse
Approximation
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e Utilized Cellular Automaton with algorithm to give approximately
octagonal (isolated) grains.

e Small pixel size to make quantization error negligible

2126104 Center for Magnetic Recording Research Bertram/IDEMASE




lllustration of a Recorded
Magnetization Transition

Up Magnetization Down Magnetization
Cross Track
Correlation Width
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Minimum:
a~<D>/3
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Basic Medium Noise Mechanism

Random grain growth causes transition
center to vary jitter’ from bit cell to bit

PW.,=2B

Voltage

4 2 0 2 4

°rE Ty [JCMRR
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Jitter Error Rate

o If we assume Gaussian jitter noise with

variancoe Gy -

PEzO.SErfc[ 5 j

30,

O‘ .“S’IIKI‘OHHISHHZO
B/Sigma
e 10% jitter yields about 10-° BER!!

[JCMRR

Z " g by g g, FEN o B 6
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Design Criteria

For a system with 10% jitter (SNR ~ 18dB, BAR=6, W .=3B)

2126/04

B B*W. , BW
—=10= : or a's,=
o 2a’s, 200
Density |B a’s. S. a <D> a/<D>
(W,/B =3) (1.2<D>) (thermal
stability)
200 22.4nm: [ 170nm3 | 9nm 4.34nm | 7.5nm 0.6
Gbit 1134kfci Difficult
/in?
1 Thit 10nm: 15 nm3 | 6nm 1.6nm 5nm 0.32
/in? 2540kfci Very very
Difficult!

” V‘D\'D

Center for Magnetic Recording Research



Magnetization Decay versus T
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Minimum Anisotropy Versus
Average Grain Diameter

10 - ——
35 KV=60kKT
= 30 ; t=15nm
8 "’ M, = 600 emu/cc |
= 25| T = 380K
T 20| 1Tbit/in? 200Gbit/in
15
4 5 6 7 b
<D> (nm)
L ICIVIRR
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Maximum Medium Anisotropy

e Overwrite condition requires loop to close:
H, ~H, +2xM""
 For ideal head(4sM_Pead~2.4k0Oe with tapered

p0|e= max head
H, ~0.71x4zM ™ ~ 17kOe
* For medium M, = 600 emu/cc: H. = ~13kOe

 For well oriented media with good dispersion
control: H, ~ 0.82H,=>

H:™ =15,8000e
.CMRR
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Density Limit

* Anisotropy Limit of about 15.8k0e limits
grain diameter to about 7nm.

* Thus 200GBit/in2 might be achievable if the
transition parameter could be made
sufficiently small a ~ 4nm.

 We need to examine transition parameter
analysis.

e Can we use configurations that lead to higher
usable H,?

JCMRR

YT/ s Ut g g o, FAU S B B 1y 47
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Basic Reversal
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Transition Parameter versus Head
Field Gradient-Various Exchange
(modified Williams-Comstock)
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Tilted Perpendicular Recording (TPR) [1-2]

3 side tapered pole with small throat height (TH<TW<PT)E

a) Down Track View b) Cross Track View

128nm

_ Anisotropy
Anisotropy Direction

\ s8nm 200 //Medium\l sgnm  [20nM
NNV T

SUL SUL

- [&—— Cross Track Direction — <—— Down Track Direction ——

MRR
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(Shielded) Perpendicular Recording [*-°]

a) Déwn Track View

By Mike Mallary

128nm

48nm

20N

b) Cross Track View

20nm

88nm
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«——— Cross Track Direction ——

SUL

v

<«—— Down Track Direction
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Switching Field and Overwrite Field

A Comparison Between CPR and TPR

1 | | | |
0 955.:"” | —— ﬁTimhinj Field
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: 0.8k U
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y A Wy For each case, media with
2075y 1 H, angle distribution is
i ’ i assumed
o 0.7 .
[= Conventional jf
§ 0.65 Perpendicular
S Writing (and SPC!)
? 0.6 Tilted Perpendicular
Writing and Overwri
0.55 —1
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Track Edge Effect in TPR & SPR

— Single Pole Head Field - Field angle in TPR
— = Shielded Pole Head Field— - Field angle in SPR
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Guard Band vs. Medium Ky V/kgT [219]

1.8
1.6
&
o
= 1.4 il I
= T==-
5 1.2
o
2
£ 1 Used to get TP/W,,
=0.8
2 .
i 0.6 Here is where we are
Q
o
04
0.2 - = = Conventional Perpendicular Recording
' Tilted Perpendicular Recording
050 60 100 110 120

[ ICVIR

R

Center for Magnetic Recording Research

Bertram/IDEMAZO

130



Ratio of DC to Transition Noise Power
15 ? —
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Percentage Jitter vs. Density for CPR, SPR and TPR

80 — >
— Conventional Perpendicular Recording y //// 1
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Effect of Distributions

30

TP 5% o, /H,

CP 5% o, /Hy
TP 10% G‘KIHK /,/;

CP 10% o, /H, plad

1.2 Tbl/in?
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Conclusions a

e To achieve 1000kfci “a” parameter must be
reduced to about 3-4nm (with minimal
exchange (s_,=<D>)).

e Besides scaling geometry and keeping tight
medium parameter distributions, reducing
grain size is important. H, should be
increased as much as possible

Ultra fast swﬂchmg in small fields should be

2126104 CeﬂrrMame?%cRecomm esearc Bertram/IDEMAZ4L
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Perpendicular Media Technology

10:10-10:40am
Gerardo Bertero, Komag
“"Granular Oxide Perpendicular Magnetic Recording Media”

Perpendicular recording drives are finally at the verge of being commercialized. Much
progress has been made in all aspects of the technology. In particular, perpendicular
media has improved significantly over the last two years with marked gains in SNR and
thermal decay performance. Much of this progress has been possible thanks to the
introduction of granular, oxide segregated magnetic layers providing high squareness,
exchange decoupled grains, large negative nucleation fields and good thermal decay
properties. Similarly, much progress has been made at the soft magnetic underlayer level
with alloys and structures that minimize the effects of magnetic domain transitions present
in the soft magnetic film. However, much remains to be done both at the media level itself
and also in optimizing particular head and media combinations. In this talk, we will review
the major characteristics of granular oxide perpendicular media focusing on structural and
magnetic properties. We will also, highlight the progress made and will discuss the major
obstacles that limit our ability to achieve much higher performance.



10:40-11:10am
Dr. Gunn Choe, MMC Technology
“Perpendicular Recording Media: Technical and Manufacturing Challenges”

Perpendicular magnetic recording (PMR) is considered the most likely candidate to replace
longitudinal recording to sustain the continuous growth in data storage capacity. In order
to achieve good recording performance, PMR media require very stringent structural and
magnetic properties such as reduced magnetic grain size and distribution, low inter-
granular exchange coupling, good crystallography of Co c-axis, narrow anisotropy
distribution and domain-free soft magnetic underlayer (SUL). An oxygen doped magnetic
alloy, CoPtCrO has been considered as a recording layer for PMR media and has been
extensively explored in terms of recording performance and manufacturable process.
CoPtCrO media exhibit excellent recording performance and show great potential for high-
density perpendicular recording. A high-throughput PMR disk manufacturing process is
vital to make cost effective PMR media equivalent to current longitudinal disks. Optimum
SUL design is necessary to accommodate a SUL thickness as low as 100 nm, which is
critical in making low cost PMR media with existing sputtering equipment. First or second
generation PMR media can be fabricated by current longitudinal media production system
without significantly affecting throughput.



11:10-11:40am
Hiroyuki Uwazumi, Fuji Electric
“The Perpendicular Recording Media with an Electroless-Plated

Ni-P Soft Magnetic Underlayer”

An electroless-plated ferromagnetic Ni-P layer, which is suitable for mass production, was
employed as a soft magnetic underlayer(SUL) for a double-layered perpendicular recording
media. A Ni-P SUL with the thickness range from 1.5 to 3.0 micro-meter was plated on the
Al substrate then the surface of the Ni-P SUL was polished about 1 micro-meter to obtain a
smooth surface with a roughness Ra of less than 0.3 nm. The saturation flux density Bs
and the in-plane coercivity Hc for the Ni-P SUL were about 0.5 T and 15 ~ 20 Oe,
respectively. Media with a Ni-P SUL at the thickness of more than 0.5 micro-meter showed
almost same magnetic properties and recording performances as a medium with a 200 nm-
thick sputtered CoZrNb SUL. Furthermore, the spike noise commonly observed from an
SUL was not found for the media with the Ni-P SUL in

this study, indicating great potential of the electroless-plated ferromagnetic

Ni-P layer as the SUL of the perpendicular recording media.

11:40-12:10am
Bob Weiss, Intevac
“"Equipment Technology for Perpendicular Recording”

12:10-1:10pm
Lunch
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Performance on par or exceeding LMR.

Targeted generally for ~160 Gb/in? and higher.

PMR technology is just as hard (or harder)
compared to LMR.

SNR gain is still badly needed for first
generation programs.

s




 art granular, oxide segregated media.

_ Hard layer features.

_i Soft magnetic underlayer.
1 SNR Progress.

_ Main Challenges.

_ Summary.



~ Ofall the candidates, granular media offers
~ the easiest way to achieve low noise while
maintaining other desirable properties.
iliari
The manufacturing methods are extensions
or recent) technologies.

Moderate heating or room-temperature
processes, possible to make using current
equipment. Higher throughput potential.
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Low Density Decay Data

, Hard Layer Kerr M-H Loop
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CoCrPtO Media
—@— CoCrPtB Media

18 months
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(>100 nm) pointin

~intergranular exchange coupling.

Place blame mostly on heads.

Hard layer to SUL spacing needs to be
reduced for future programs.

PMR media requires better thermal stability
performance than LMR media.

Grain size already approaching 6-7 nm, size
distribution can still be improved.




1 Need more SNR_
. Intergranular exchange decoupling
. Minimization of SUL to recording layer spacing
., SUL domain noise minimization
. Need to minimize bit curvature

2 PMR media, heads and channels will need to
continue to Improve performance to maintain
areal density growth.

B




Perpendicular Recording Media:
Technical and Manufacturing
Challenges

/ MMC Technology
/ 2001 Fortune Drive, San Jose CA 95131

Gunn Choe, B.R. Acharya, E.N. Abarra, M. Zheng,
J.N. Zhou. B.G. Demczyk and K.E. Johnson
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Perpehdicular

CoCrPtB <20 nm Underlayer
Cotrx erever $40-20 nm
CrMoX ee
& <10 nm A
Substrate CozrTa
CoFeSiB -
oFesi 100 - 200 nm
FeTaC
v

Substrate

February 73, 1999 , IDEMA-2004 , S



Technical Challenges

Magnetic Recording layer

O High SNR — reduced grain size and exchange
coupling

O Good thermal stability

d High Hc, squareness, high negative nucleation field

Soft Magnetic Underlayer

O Domain noise

O High permeability — radial anisotropy

O Optimum design to reduce adjacent track erasure

February 23, 1999 IDEMA-2004
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-0.5

e CoCrPtB alloy ;
o Low Hg, S <1 :
« High stacking fault, poor Hk dlstrlbutlon oo s o s oo
 Poor thermal stability m

o Co/Pd(Pt) multilayer, Tb-Fe based alloy f “
e High Hc, S =1 7
e High grain-to-grain exchange coupling ™ _ g
e Low SNR :

2E-02

. COCI‘PtO a”()y = 1E-02

"‘;ﬁ,;\;a,m;@g% « Excellent crystallography e
T al4¢” e Reduced grain size, distribution oem b
\ ° ngh SNR _ Field (kOe} )

Februarv 23, 1990 ) IDEMA-2N04 ’ 7




‘ - Media Parameters Effects

High anisotropy, K, Thermal stability,
Can reduce grain
High squareness, S=1 Resolution, dc noise

High negative nucleation field Thermal stability, ATE

Reduced anisotropy dispersion Resolution, dc noise

Co grain size and distribution Transition noise
Inter-granular exchange coupling Noise (jitter)
Reduced SUL-to-ML spacing Head write field
gradient, OW,
resolution

February 23, 1999 IDEMA-2004 8
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Excellent (00.2) orientation of Ru and Co is achieved.
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SUL domains can be eliminated through AFM

pinning method.
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Bulk-erased

Finger-like domains already absent from as-dep state.
Bulk erasure is effective in making single domain state.

February 23, 1999 IDEMA-2004 18
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M (A.U.)

Normal SUL

—— Radial Dir.
e GirCUm . DA,
S5
Pt " <
=
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Field (Oe) Field (Oe)

The maximum permeability (4nMg/H,) of APS can be
controlled by adjusting SUL thickness.

February 23, 1999 IDEMA-2004 20
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Mono-pole writer, t,= 0.25 um

SpSNR (dB)

For write width of 0. 2 nm & SUL B

~ 1 MS—PoleTip

t .. ~ T
SUL—-Minimun 7‘ r
2 S—SUL

7y,

/

(L.

PoleTip

N

7
%%

\

2

W
%\\\\\

1 2 T SUL thlckness ~ 180 nm.

Shielded-pole writer, t,,= 0.2 pm
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.. °
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y B g T® A
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15.6 . %)
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February 23, 1999
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IDEMA-2004

Total SUL Thickness (nm)

o APS is effective down to 80 nm for mono-pole writer.
* SUL thickness ~ 50 nm can be used for shielded pole writer.
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Media Parameters

Current

- Achievement
High anisotropy, K, ~ 3.0 x 10° erg/cm3
H. > 5 kOe
High squareness S=1
High negative nucleation field H, < -2 kOe
Reduced anisotropy dispersion | Co (00.2) A8, ~ 3°
Co grain size and distribution D=6 nm,
o/<d>~20%
Inter-granular exchange 4 dM/dH ~ 1.7
coupling
Reduced SUL-to-ML spacing 7 nm
SUL domains Eliminated
High permeability of SUL 100 - 600

Februarv 23, 1999 ) IDEMA-2004
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Manufacturing Challenges
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CoPtCrO Hc run-to-run repeatability
(SUL/CoPtCrO media with throughput similar to LMR product)

45 -
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403 395 — 409 402 406 . 412
4| — 3.87 e %

= ([ s EE Average Hc: 4.05 kOe
% ss5 (| | 11 . 1 ||| STD: 0.108 kOe
- IRl | Max-Min: 0.34 kOe

3 4
|
25 - .
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SUL2

Generation I II III
Number of Layers / Stations
SUL 3/5 5/6 5/7
ML 3 3 4
Carbon 2 2 2
Process 1 1 2
Total 9/11 11/12 13/ 15
o - \? — —— _—

el U | %IDEMA 20&1\{/%“,) oW “H%
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CoCrPt-0
IL
SL

SUL2
Spacer

N

SUL1

Integrated process demonstration configuration

Disks were successfully made with throughput similar
to current longitudinal products.

February 23, 1999 ' IDEMA-2004
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T

e Sputter uptime

7

e Throughput e

e Materials

e Yield —

February 23, 1999 IDEMA-2004 32




 Successful fabrication of CoPtCrO media: Hc>5
kOe, S=1, H, <-2kOe, Co c-axis AB;,=3.3° and grain
size ~ 6 nm.

* Excellent recording performance and great
potential for high-density perpendicular recording.

« Soft underlayer thickness as low as 100 nm,
performs well.

* Optimizing SUL design effective in ATE
suppression.

Februarv 23, 1999 ) IDEMA-2004
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 1st and 2"d generation of PMR media fabricated by
current LMR media production system with similar
throughput.

* Incrementally higher cost than LMR media due to
additional SUL material and lower uptime of sputter
system.

» Minimizing SUL thickness and number of media
layers will enable use of existing equipment.

February 23, 1999 IDEMA-2004 34



The Perpendicular Recording Media
with an Electroless-plated Ni-P
Soft Magnetic Underlayer

Hiroyuki Uwazumi

Fuji Electric Storage Device Co., Ltd

IDEMA Symposium, Feb.26, 2004




OUTLINE

Introduction
SUL in the PMR media
Plated SUL
Experimental
Substrates and media preparation
Measurements
Results and Discussions
Characteristics of plated Ni-P SUL
Spike noise observation
Characteristics of media with Ni-P SUL
Conclusions

IDEMA Symposium, Feb.26, 2004




Intrductio

Double Layered perpendicular media
with soft magnetic underlayer (SUL)

S. Iwasaki, Y.

> promissing candidates to achieve high recording density

Requirements for SUL
> 100 nm-thick SUL by sputtering method
Particles / Target Life / Maintenance cycle
Need many sputtering chambers
Introduction of new cathode system ?

Suppression of the domain wall

Complex multilayer system
Need many sputtering chambers

-+

Decrease in throughput / Increase of manufacturing cost

IDEMA Symposium, Feb.26, 2004
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Introd uctlon ( 2) 2 F=: i vamers

SUL deposition without any impact on the throughput

> Electroless-plated SUL : CoNiFeB[1], NiFeP[2]

e Large B.> 1 T, good soft magnetic properties

e Diffi cui“t to control the > RIOgess & composition

e May need to add the d@ma in control layer
[1]T. Yokoshima, et al., D/ , 18pE-8, p. 378, 2003.
[2]S. Saito, et al., Digest of 27th Conf. of , 18pE-11, p. 381, 2003.

Electroless-plated Ni-P layer

o~ 20at%P [non magnetic] : Widely used for Al substrates
Well established plating & polishing process

Is it available to use as SUL ?
( Surface roughness
) Magnetic properties
Recording characteristics
. Spike noise

IDEMA Symposium, Feb.26, 2004



an

Media Preparation \/\/\/\/\/\/\/\/\/\/ r Focron

Ni-P SUL Ni-P SUL
(6=1.5~3.0 um) (6=0.5~2.1 um)
Non-mag NiP Non-mag NiP j} Non-mag NiP
3.5" Al Sub. 3.5" Al Sub. IEEE | 3,5" Al Sub.
Polished substrate Electroless-plating  Polishing (remove ~1pum-thick)
(use similar facilifjes & processes to non-mag NiP)
Carbon (4 nm) For Comparison
CoPtCr-SiO, (10 nm) Sputtered SUL media
2 Carbon (4 nm)
Ru (10 nm) CoPtCr-Sio, (10 nm)
:> CoZrNb (25 nm) Ru (10 nm)
Ni-P SUL CozrNb (200 nm)
Non-mag NiP Non-mag NiP
3.5" Al Sub. 3.5" Al Sub.
Sputtering T. Oikawa, et

IDEMA Symposium, Feb.26, 2004



Measurement Methods

for the Ni-P SUL

Surface roughness, Ra Atomic Force Microscope
Magnetic properties (B;, H,) VSM

for the media with a Ni-P SUL

Magnetic properties Kerr magnetometer
Recording performance Spin stand tester
with SPT/GMR head

Head specification
Write Track width 0.3um
B_.of main pole 1.8T
Read Track width 0.2um
Shield gap length 80 nm
Flying Height 12 nm

IDEMA Symposium, Feb.26, 2004
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»Characteristics of plated Ni-P SUL
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Surface Roughness of Ni-P SUL = fontrunrss
Ra of the polished Ni-P SUL used in this study : ~ 0.3 nm
almost same roughness compared to that of the non-mag. Ni-P layer

—> More precious polishing process has been developing
N~ ()r*g cisea

- /s |ONIPSUL = 1.5 um
!.)fl'
© 52 5
— d
0 2?"\‘—%1__1_“_ /
5 ] 0 _T___—_“‘———_ _ i'f
I5 0
10.0
UM
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netlcopertles of Ni-P SUL

Typical in-plane magnetization curve
0.6

o
w
\

o
w
T ———

Flux density, B (T)
o

-0.6

-300 -150 0 150
Applied Field, H (Oe)
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, : e E
Spike Noise observed from SUL

Spike noise map : for the media with d.c. erased state
Bright color represents large signal output

Media with Media with
-thick Ni-P S 200 nm-thick sputtered SUL
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Magnetic Properties of Media with Ni-P SUL

Dol g By AR
‘ :i E [IREVIRE A I IR LR B

H_of the granular recording layer vs Thickness of the Ni-P SUL

7

6 %j: PN ]
g4 »
o Sputtered SUL media
< 3 -
T,

Media without Ni-P SUL
1 + (only 25 nm-thick sputtered SUL)
0 1 1
0.0 0.5 1.0 1.5 2.0

Ni-P SUL thickness (um)

v'Same sputtering process
can be applied for the Ni-F

IDEMA Symposium, Feb.26, 2004
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_
Recording perform

ance : Overwrite Saturation F=: ionrumes

A 61 kFCI signal was overwritten by a 735 kFCI signal

70

O/W1 (dB) @1T/12T

IDEMA Symposium, Feb.26, 2004

—@— Sputtered SUL Media

---0--- Media without Ni-P SUL
—&— Ni-P SUL (6=0.5 um)
—O0— Ni-P SUL (6=2.1 pm)

A ~ ) o
1 R . " % Zz




o K?)
Recording performance : SNR R

SNR performance @ 367 kFCI vs Thickness of the Ni-P SUL
16.0

N
N
o

Sputtered SUL mdia

.
o

\ Media without Ni-P SUL
(only 25 nm-thick sputtered SUL)

5 l

SNR (dB) @ 367kFCl
(00
o

©
o

0.0 0.5 1.0 1.5 2.0 2.5
Ni-P SUL thickness (um)
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Signal waveform at a d.c. erased state

~1revolution =

< >

Media with
200 nm-thick sputtered SUL

Noise Spectra @ 122 kFCI (13.0m/s, 10MHz=0.65 um bit length)

| 0.5um-thick NiP SUL |
| Sputtered SUL ‘
Circuit Noise

Signal amplitude (arb.unit)

Large noise is obserbed
in low frequency region

| |
122KkFCI _
| Long-wavelength fluctuation of
%“ B § e o the magnetization must exist.
0 10 20 30 40 50
Frequency (MHz)

IDEMA Symposium, Feb.26, 2004
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Noise Spectra @ d.c. erased state
(13.0m/s, 10MHz=0.65 pum bit length)

1.5pm-thick NiP SUL : process A

Sputtered SUL Fi G
Circuit Noise

Signal Amplitude (arb.unit)

} r |

0 5 10 15 20 25 30
Frequency[MHZ]

v'SUL noise can |

IDEMA Symposium, Feb.26, 2004
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Conclusions

A plated ferromagnetic Ni-P layer was employed as an SUL

Characteristics of the Ni-P SUL :
v' Excellent manufacturing throughput, using conventional facilities
v' A super-smooth surface of Ra~0.1 nm was achieved after polishing
v B.=0.5T, H.= 15~20 Oe, in-plane isotropic properties
Compared to the sputtered SUL media : |
v" Almost no spike noise was observed from the Ni-P SUL

v'Same sputtering process can be applied to realize same magnetics
v 0.5 pm-thick Ni-P with a 25 nm-thick sputtered CoZrNb is sufficient

v' Almost same SNR of the media with a 0.5 pm-thick Ni-P SUL
v’ Large noise in low frequency region must be reduced

Great potential of using a plated Ni-P layer as an SUL
in the manufacturing of perpendlcular recordlng medla

IDEMA Symposium, Feb.26, 2004




Perpendicular Head Technology and Design, and Component Integration

1:10-1:40pm
Moris Dovek, Headway
“Advances and Challenges of Perpendicular Recording Heads”

Perpendicular Magnetic Recording (PMR) Heads have been demonstrated to extend the
areal density capabilities of magnetic recording systems. The addition of a shield has
allowed improved field gradients and writeability at higher linear densities. PMR systems
have also extended the capabilities of the GMR reader by narrowing down the trackwidth
and generating higher readback amplitude both of which had been limiting the GMR read
head extendibility until now. However, many challenges still remain in PMR designs
especially at narrow trackwidths and high track pitch. As the critical dimensions are
pushed to lower values for narrow trackwidths, process tolerances need to get tighter to
deliver good OW and Magnetic Write Width (MWW) distributions. Narrow trackwidths
impose a similar challenge for OW as it does in longitudinal recording systems (LMR). In
addition, PMR side fringing is typically higher than what is measured in an LMR system
which also forces narrower physical dimensions and introduces concerns about transition
quality at track edges. Finally, an additional track pitch penalty may also be paid due to

the skew range of the disk drive.



1:40-2:10pm
Lamar Nix, Hitachi GST
“Perpendicular Heads for Tomorrow’s HDD"”

In this study we explore heads for perpendicular recording. We show some of the
significant challenges for operation at 100-200 gigabits/in.? and discuss some practical
solutions. We compare the three principal write head designs for perpendicular-single
pole, trailing shield, and trailing and side shield-showing the advantages of each and the
challenges involved. Finally we discuss processing methods involved in making
perpendicular heads.

2:10-2:40pm
Yan Wu, Maxtor
“"Progress and Challenges in Perpendicular Drive Integration”

The potential of perpendicular recording technology has been well advertised since its first
proposal in 1977[1]. The persistent development effort uncovered many challenges in this
technology [2]. Because of this, no products have been introduced with this technology up to
date. With the increased difficulty seen in longitudinal recording becoming more and more difficult
to develop the future products, perpendicular recording now have received more attention than
ever before.

In this presentation, we will review the recent progress in the perpendicular drive integration
effort and discuss some of the challenges that are particular to the technology. Most of the
challenges discussed here have been known for a number of years. Some of the difficulties have
been mostly solved with recent progress, such as thermal decay. Others still remain to be
challenging today, such as head induced media erasure and stray field sensitivity. Some of the
challenges are not believed to be intrinsic to the technology, but certainly non-trivial for the
process side such as media uniformity.



With the increased efforts in recent years and significant progress it resulted, it is most likely we
will be able to overcome the challenges and introduce products based on perpendicular recording
technology in the near future.

[1] S. Iwasaki and Y. Nakamura, “An analysis for the magnetization mode for high density
magnetic recording”, IEEE trans. Magn., vol. 13, p.1272,1977.

[2] W. Cain et al., “Challenges in the Practical Implementation of Perpendicular Magnetic
Recording”, IEEE trans. Magn., vol. 32, p.97,1996.

2:40-3:10pm
Francis Liu, Western Digital
“Advanced Perpendicular Magnetic Recording Head Technologies”

3:10-3:40pm
Coffee Break



M.M. Dovek, L. Guan, Y. Tang, Y. Sasaki, K. Takano
Headway Technologies
February 2004
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 Today’s PMR Write Head
- Why PMR?

— Read Head
* Trackwidth, amplitude

— Write Head
» Ability to deliver flux at a smaller physical dimension

+ TPI Extendibility Challenges

— Manufacturing Tolerances

— Overwrite at narrow trackwidth

— Fringing: Magnetic to Physical Difference
— Bevel Angle and Skew

~ Headway
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- Today’s PMR Write Head

@

=~ Headway

~... Technologies
A TOK Group Comparny




Bottom Yoke —

o P
A s e
1N T e

)

2 Layer Cot

— — g

Read Shield —

Neck Point
Beveled Pole

> Headway

~_.. Technologies
A TOK Group Company




960 kfci
VWG 100 nm WGV 50 nm
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