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MAGNETIC PROPERTIES

Curie tsmperature, O,
magneto-crystaliine anisotropy, K, K,
magnetostriction A
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-MAGNETO-CRYSTALLINE ANISOTROPY
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MAGNETO-CRYSTALLINE ENERGY DENSITY
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DEMAGNETIZING FIELDS
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SHAPE ANISOTROPY

DEMAGNETIZATION FACTORS OF DIFFERENT SHAPES
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MAGNETOSTRICTION

DIMENSIONS OF MATERIAL CHANGE WHEN MAGNETIZED
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MAGNETIC ANISOTROPY ENERGY DENSITY

1. CRYSTALLINE ANISOTROPY
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2. SHAPE ANISOTROPY
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MAGNETIC DOMAIN WALLS

THE BOUNDARY BETWEEN OPPOSITELY MAGNETIZED DOMAINS
IN BULX MATERIALS IS CALLED A *
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CROSS-TIE WALL FORMATION
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MINIMUM DOMAIN WALL THICKNESS

AsSSUME A SIMPLE CUBIC ARRAY OF SPIN DIPOLE MOMENTS
WITH A LATTICE PARAMETER (I AND ASSUME THE WALL To BE N
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MINIMUM MAGNETIC DOMAIN SIZE

ASSUME A UNIAXIAL SINGLE CRYSTAL WITH A PARALLEL-PLATE
DOMAIN STRUCTURE WHICH IS EXPECTED TO EVOLVE IN MINIMIZING THE

MAGNETOSTATIC DEMAGNETIZATION STRAY FIELD ENERGY.
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MAGNETIZATION 3Y WALL MoTIcn
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EFFECTS OF INCLUSIONS AND MICROSTRESSES ON WALL MOTION
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MAGNETIZING BY DOMAIN ROTATION

EASY AXIS |
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FINE MAGNETIC PaARTICLZS
A. CoErCIVITY
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MAGNETIZING PROCESSES

.DoMAaIN WALL MoTioN AND DoMAIN RoTATION
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FACTORS AFFECTING MAGNETIC PROPERTIES

COMPOSITION
TEMPERATURE
STRESS

SIZE, SHAPE, ORIENTATION
OF GRAINS

CONCENTRATION AND DISTRIBUTION
OF CRYSTAL IMPERFECTIONS

IMPURITIES
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MAGNETIC PROPERTIES

INTRINSIC (STRUCTURE INSENSITIVE)

1. SATURATION MAGNETIZATION
2. CURIE TEMPERATURE

EXTRINSIC (STRUCTURE SENSITIVE)

1. FLUX DENSITY (INDUCTION)

2.  APPROACH TO SATURATION INDUCTION
3.  PERMEABILITY

4,  COERCIVE FORCE AND COERCIVITY

S.  REMANENCE AND RETENTIVITY



MAGNETIZATION MEASUPEMENT TECHNIAUES

TORQUE MAGNETOMETER
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HYSTERESIS LOOPS OF HARD AND SOFT MATERIALS

@ “AHD MAGNCTIC MATERIA S
RANGE 0-1 DOMAIN BOUNDARY STHETCMING
RANGE -2 DOMAIN BOUNDARY MOVEMENT
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MAGNETIC DOMAIN AND WALL OBSERVATION TECHNIAQUES
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Vecranism 3¢ Sroduce
tten of Jepositing
Scecies

THIN FILM DEPOSITION TECHNIQUES

SUAPRmAT N
AR

Thermal Zfaergy

AL e
AN OLATING

Therral Energy

SPYTTERING

Mamensum Sransfer

Jcbbsition Rate

Can 3e very high (up %0
780,000 d/min.)

Can be very nigh (up to
250,000 A/ain.;

Low excest for Jure =e%y's
(e.g. Cu = 10,363 3/>= .,

Oepositing Specie

Atoms and lons

Atoms and lons

Atoms and lons

: Thrawing Power for:

~a. Complex Shaped
Object

Poor line-of-sight coverage
except by gas scattering,

Good, but nonunifors thicke
ness distributions,

Good, dut nonuniform thicsx.

ness distridution,

b. Into Small 81ind Holes Poor Poor Paor

Metal Oepasition Yes Yes Yes

Alloy Oeposition Yes Yes Yes
Refractory Compound Yes Yes Yes
Oeposition

Energy of Oepositing Low Can de hiyh Can be hi?h
Species 0.1 to 0.5 ev (1-100 ev) - (1-100 ev
Bomdardment of Sudstrate/ Not normally Yes Yes or no depending
Deposit by Inert Gas [ons on geometry.
Growth [nterface Not normally Yes Yes
Perturdation

Substrate HedT ivig Yes normally \{ej or No Not generally

(by external™==—s)

Mechanism of Produce
tion of Depositing

CHEMICAL VAPOR DEPOSITION

Chemical Reaction

ELECTROJEPQSITION

Deposition from Solution

THERMAL _SPRAYINS

From Flames or Plasm:

Species
Deposition Rate Moderate L
g ow to High Very high
(200 - 2500 3/min.) 3 ¥
Depositing Specie Atons lons Oroplets
Throwing Power for: )
3. Complex Shaped
object Good Good No
b, [Into Small Blind Holes Limited . Limited Very Limited
Metal Omsi_ﬁon Yes Yes - Limited Yes
Alloy Oepgsition Yes Quite Limited Yes
Refractory Compourd Yes
berractary Limited , Yes
Energy of Depositing Can Se high with Can be nigh nigh
Species Plas~3-2tded CVO 3 can B nis
8ombardment of Substrate/ Possible ‘
Deposit by Inert Cas lons e e
Growth [nterface . -
Perturb;tion ves (b7 ra3dvirs o e
Substrate Meating Yes No Not normally

(by axternal =mcuns)
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OF A THIN FILI
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SPUTTERIKG PROCESSES

Incident Reaflected lons
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Sequence: Within The Target Of A Target Atom
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PHYSICAL PROCESSES OF MICROSTRUCTURE ZONES

ISOLATED ZONE 1
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THIN FILM SPUTTERING TECHNIAUES

9F OI0CE SPUTTERING WITH BIAS
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THIN FILM MATERIALS CHARACTERIZATION TECHNIQUES

esreereo
222100 :
OFTICAL :
Ry CAL, X-AAYS CLECTRONS 102:3 (¢ A%D o)
EXaraTion
“AA": ATOMIC ACSORPTION “Urs™: VAC.UV
caL | INFRaRgp oree. “ESCA™: mo;om.cc'rnou
g orm VISIDLE T™oe tLecTnon |lercerroscory
s UV ULTRAVIOLEY } cory SPCCTR F. |- OUTER SHELL
s CHEMICAL Y=
X-MAY FLUORESCENCE || anaLysSis | XPS™: X-RAY
xAAYS SPLCTROMETAY | PIOTOLLECTRON K
X-AAY OIF FRACTION $PECTROSCOPY
. - IMNER SHELL
“AES": AUGER ELECTRON
~€Put": ELECTRON SPECTROZCOPY
PROCE MICRO- || "SAM™: SCAJINING AUGER
2 ANALY!
. s LYSIS ACROANALYSIS

“SEM™~: SCANNING ELECTRON
MICROSCOPY

“TEM™: TRAND.IISSION ELEC
TRON MICROSCOPY

("SCANUR™: Surt. Como. by (lon=indused X-Rsys) ~SIAS™: NOARY
Anai. of Heuws) and fon imeect o :f:g:tcm.g“
Radistion) uzTRY
IONS (¢ AND <) “IPM”: IONPROLE MICHD
AMALYSIS
“ISS™: I0H SCATILAIG
SPELTROLETAY
tering Sosctrcmerry|
“ES~: EMISSION SPECTROCCOPY “$SMS~: SPARK SOURCE
RADIATION MASS SPECTRO
o GRAPHY
Characteristic AES XPS 1SS SIns RBS NRA §xx
tlemental Analysis
Sens.Varta. 6ood Good Good Poor Fair Fair Good
Resolution Good 600d Fair Good Fair Good 600d
Detection Limits 0.1% 0.5% 005 10%or  1030r 10%0r 102 or
higher higher higher higher
Quantification @——————with difficulty~—==+ very difficult e=—————=3p50 yte =—mmmmmmm=p
. ‘req.standards req.standards no standards
Chemical State Yes Yes No Yes No
Depth Analysis -~ Destructive=——=p  &=Non-destructive =——p very
sputter difficult
Depth Resolution e AtOMiC layer to 10 nm 10 m None
$ of sputter depth
Latera) Resolution 200nm 2nm 100usm 100-1um ¢ lsm g
Sample Alteration High for e Low » e U A U R 4
Alkald
Halogen
Organic

Insulators



PATERIALS FOR THIM FILY HEADS

MeTALS FOR HEADS

SOFT MASNETIC MATIRIALS FOR MASNETIC NEADS
’ Pormesdiliti Coars | Sotwrat ] Resist.
o ® | cvg | et
. ' “
wint »au e Cavs w1, om
Permasoy [79n | 20.000 100.000 | V.08 ¢.700
17 Fe
4 Mo ) . 4
Movets |77n | 30.000 100000 | 0.02 7.500
16 Fo :
scu | :
|2& - 0
0,000 : .ocos | .8000 ). R B
| eme
Sercust  asFs | 10000 oos | '0.000
oA
| (F Brgeneen)
Approzimats Mazimum
e composition Initial permes Coercivity 8, T, Renistivity
(weight percent) permeability ability H,(Oe) (gauss) (o) (microhm-con)
Ne Fe Other
Low-Cost Alloys
» - 100 - 19 $.000 10 21,500 ™ 10
icom iroa - 96 48 00 - . 7,000 0s 19.700 60 - o
in-oricatad silicon - 97 38 1,500/ 40,000 ot 20,000 1740 o
rom
High-Permeability Alloys
Permailoy n - £.000 100,000 0.08 10300 - 580 1
peraik N 9 - 4.000 70,000 0.08 16,000 500 43
"% Permalloy ™ 17 4Mo 20,000 100.000 0.08 8,700 460 ss
umetal T 16 $Cu2Cr 20,000 100,000 0.0% 6,500 62
permalloy ™ 16 $SMe 100,000 1,000,000 0.028 7900 400 60
| High-Saturation Alloys
rmendur - 3 %20Ce $00 5,000 20 24,500 980 7
-Permendur - #® #C2vV 800 4,000 20 24,500 980 n
pues - 64 35Co0SCr 650 10,000 10 24,200 97 - r- 2
permendur - & #C2V \ 60,000 02 24,000 9%0 n
LC t(u(‘f‘{.)
o~ ME o M4 A= s
or # - -
/“ Wl Kot /M R iomeTer
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MAGNETIC PROPERTIES OF NI FE ALLOYS

8

Curie temperature T, (°C)

Saturation megnetization M, (cmu/cm’)
w
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Nin
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PROPERTIES OF AMORPHOUS MAGNETIC THIN FILMSFOR

MAGNETIC RECORDING HEADS

Alloy Slm "“, ”, ”. ‘, P
(ot %) (G) 109 (09 (10 i cm)
(1) FeryByy 1 PrY) 7 )
(2) FeeeBoo ~13 ~0.0¢ r
(3) FexgSizg 1 s01 s ")
(4) FersSing ) 02 . 0 140
(3 FesCas 1 <10 <1000 10-13
(6) FeuN.y 842 <100
(7) CogsTiyy 9-10 $043 14 1.3 ~130
(8) Cog,Tayy %10 30 -
(9) CoyyZsy 14-1$ 0.2* 2-5° 1-3
(10 Covg.o Zty.s 13 1.0 120-17%0 _
(11) Coy, H, 115 03° 2-5° ~
(12) FenBy,Siy 12 ~02 6 26
(13) FeeeB,,Cs 14-16 st ~10
(14) FeyySi, oG 16-17 ~0.2° -7
(15) CoreFe,Be 10-11 <l -0 <1
(16) ComFe,B,, 1-13 0.03 ~3 -02 %
(17) CoyFe,B, Mo 1415 0.05 18 ~0
(18) Coy, Ti, B, ) 003 10 ~0.
(19)(CoFeBlCr. 10 ~2 51000 s

F Nd 14 205 .
‘(23? !ca.’, -'3": g& 149 oS 2 (2

* Annealed (ficld).

T K. Howavit

T. Wac. 5 Tedn
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FERRITES FOR HEADS
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MAGNETIC PROPERTIES OF FERRITES

.. . Cune inhal . Coeraive e
Composition Sat. ind. Density Resistivity
. temp. perm. Zy force
; {mole %) (gauss) €O (gmOe-!) (gmecm™r) (Oe) (ohmcm)
MﬂFﬁgO‘ ZRFQ;OQ .
43 2 3300 100 1400 49 02 20
53 42 4500 150 900 49 . ,0'3 50
62 . 38 4700 150 1100 49 04 . 80
- 19 21 5100 210 700 48 (1 3] 80
ANiFG,°4 ane;o.
36 64 3600 125 650 49 04 10°
S0 50 4200 250 230 45 (13 10°
64 36 4100 350 90 42 21 10°
20 20 3600 400 45 41 42 10°
100 — 2300 500 17 40 110 10°
160
A1 - 422y Fer0s 3000 —~ Mn, . Za,Fe,0,
/ ‘.o's(
2000 p—
/ / [ ]
L
/q /0.3(
1000 p= o
11 '
0 | | ! l] L‘P
=213 =200  -100 0 100 200 300 =200 -100 5 I o0 o
Temperature (°C) T empm'nm:' o
10.000 —
(Mn.Zn)O-Fe, 04
1000 p—
w 100 _(NQJZNJ)O-FnO:
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THIN FILM HEAD FOR DISK RECORDING
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DOMAIN STRUCTURE OF MAIN POLE
OF A THIN FILM HEAD

Domain structures of main pole films having track

width of 50 um, thickness of 0.3 um and length of
3.5 mm for various anisotropy fields.

(b)

Schematic models of domain structure for films of
(a) wide track or high Hy, (b) narrow track and
low Hg.
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COMPARISON OF RING AND SINGLE POLE HEADS

METAL-IN-GAP RINGS HEADS

GLASS Co-Nb-Zr FILM

AN

" * COIL .jﬁ
° i) a
i { [T FERRITE
[0 GErRAMIC
N umasakn ok Pugas Lt (1987)
CORE C12%)
SINGLE POLE HEADS
MAIN-POLE DRIVEN THIN FILM HEAD
N Magnetic
Main Pole Substrote\ §
AN N §
Ferrite oM §
Co-Cr §
nuBnunuunmInnnn L\ ?

<

é/W/ //% (‘ \ -~

Backing Layer
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SENDUST METAL~IN-GAP MINI-COMPQOSITE FERRITE RING HEAD

Si02 GaplLayer

. Slider(CaTiO
Ferrite | | Ferrite ‘ (CaTicy) Direction of

Disk Rotation

o~

Magnetic Core

Metal-In-Gap Mini Composite Head

- | /“: ! _ -
I/f \\
f

Table | Properties of magnetic materials

-

ks
=
&
Bs(KG) | u at SMHz - G=03um
- [~ Gdssum
Fe-Al-Si | 11~12 | 1000~2000 $ w7 aHca5200e
3 | £/ MonolithicHead T
Mn=Zn | 5 | 900~1000 Soldid e
Ferrite 8 0 20 40 60 8 100
Recording Current (mAp.p)
Metal-in-Gap Minj
Compousite Head
-~ 0.10
q | — ~r=~s Dac23.8KFC
a X 241 MetatinGap Mini
§ 3 2l Composite Head
= 0.05p 3&'
L Thin Film Head 20
% Dyo=18.1 KFCI > * ~ | G=08um o/ ThinFimHead
- U -
3 3 g i
g o3 " °g1s o * ‘/'g
= . | Hc=1200 Oe ' >
= - 1k A
§. G(=0.8um 4 Eﬂ‘é‘;’ Mini ;oZ}osite Head
3 0011120 3um 1z, Ferrfie i3 Sum)
1 5 10 50 500 1000

. Hc (Oe )
Recording Density (KFCI) |

Noguchi edxe (Hitachi Metals) (1487)



A YOKE MAGNETORESISTIVE HEAD FOR HIGH TRACK DENSITIES

MR etemems’:‘—

From yokes

D !I ;Mzgmtic flux
o = | == |

Read ‘gao) LRecorded media

Biasing Fieid . 30nm
40nm
40nm

CoZrMo

Ti
ﬁ NiFe Disk motion g
Sense Current _ dlirection > ~ Head elements

50

40 o -
g 30 o & e
- ' Res. Bana Wictn 10kHz
€20t .
[&] s © Differennal MR elements

10+ 4 ¥ Sngie MR eement <

0 [ ]

1 2 S 10 20 S0 100 200
Recerding Density (FRPM)

Mavuvima e %L (/\/EC) (('64’7)



- Head Comparison

Inductive

MR

Thin film processing

Thin film processing

Velocity dependent

Velocity independent

Same read/\vrite
devices

Separate read/write
devices

Lower signal levels

High output level

Higher input Low input
impedence impedence
Compromised Optimized
writer/reader writer/reader
Currently at near Higher track
maximum densities
Need to fly low Can fly higher
to disk

Equal read/write Write wide/

widths

read narrow




FILM VERSUS PARTICLES
FOR RECORDING MEDIA

FILMS . PARTICLES
ROUGHNESS MORE CRITICAL CANNOT BE MADE VERY THIN
OVERCOAT REQUIRED . MECHANICAL RESILIENCE IS
600D
HARMUNIC DISTORTION AT LOW BETTER WIDE BAND RECORDING
FREQUENCY

OPTICAL READOUT POSSIBLE
HIGHER RESOLUTION

THIN LAYERS EASILY MADE
BETTER SATURATION RECORDING

MAGNETIC PARTICLE
—=Z_="« | _ORGANIC POLYMER
- T MATRIX
e NON -MAGNETIC
3-5um) =273 MAGNETIC FILM ,PROTECTIVE
- OVERCOAT
(TAPES) 1-3m i
L (DISKS)  <Offm _Y
4 Y K 003-1um
1 NON - MAGNETIC

i
I ( SUBSTRATE . I ‘




EFFeCT OF SQUARENESS'OF HysTerests Loo
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SWITCHING FIELD DISTRIBUTION
M A

Low Squareness

Wide Range of Switching Fiejde

~

> H

AH'Hz'Hl

r”"———;;;’. High Sauagreness
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THIN FILM LONGITUDINAL MEDIA
CHEMICALLY PLATED MAGNETIC DISKS

L dricant
= Soln-cseted $10,

emically plated CoMipP
~Chemicsily pleted NiS.

Polished NIP Jeyor

\ L

7078 Al elley mbdstrere

Plated disk cross-section structure.

¢ lnermalised)
0 (X ]

a2 O04¢

-]

20

mjmmuh iﬁuul
0

Q 10Q 200 -300
Temperature (°C)

Y. Suganuma el | TEGE MAG-1P 1215 ( 1902)



MAGNETIC RECORDING MEDIA EVAPORATED AT OBLIQUE INCIDENCE

SUBSTRATE
SUPPORTER

.\-':. 149 mm

EVAPORATION
&« HEATER

[

VACUUM
- PUMP

Pig. 1. Illustrstica of used vacuum systam for the
oblique {mcidence. Ferrcmagnetic alloys vere eva-
porated oo & polyimide film vhich vas fizxsd B o
cylindrical shaped substrate SuppoTter.

' ' &,
s O
N
‘: [ ——e——  CO /0/ /]
=3 --w--Fe-Co(35) A o r
N —-o—Ni-C0(3:7) o = /
E | E os NI-Co(3:7) i
5 3 &7
5 g —o——} /’
S Co P
R
Fe-Co(3'5)
e~ ° o 1 1 4 1 1 1 ' 3
" INCIDENT ANGLE, © w0 d 30° so° 50°
Pig. 2. The coercive force of Co, !'o-c.a and ¥1-Co thin INCIDENT ANGLE, ©
filzs vere plotted agaizst the angle of _=cidence. Fig. 3. The squareness iz easy direction of Co, Pe=Co
: and Bi-Co thin films vers plotted agalns: the angle
of {acidence.

E, Kita et al, IEEE Trans., MAG-17,3193(1981)



SPYTTERED CO-Pt FILMS FOR HIGH DENSITY RECORDING

Table 2 Medium properties.

[tems CreNig.ePlaze: PlGTEG CONi=P
Coarcivity (Je) ¢ ggy | 840
Remanence(Gauss)| 10,470 7.200
Squareness 3r/3s ¢ .90 0.76
_g_ggg*:,:,,, s* ' 097 | 0.82
Medwm rmcxness(d)i 300 - | 300
Overcoat rncxresstdl 200 200

o 8r/y o
. - CoemPlase
.3 ‘/(°‘°\“' .o o 08
S _ "l
1%
Y :
3 3
% /"\
- I \‘
| Q=
) . L L
‘6' '6‘ Io“

Ph( tore)

Fig.e Coercivity and squareness dependences on argor
pressure in the Co00.30 Pr0.20 film.

+ @ O —-—-—.-——-—..\

™.
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Os0 ‘\
"“c'o'am‘e& 103! KFRPL

®
Fo- GNP 30 ¢ ],

L’! s T © 20 30 SO 70 100

Secs-2ng density (KFRPL)

0%

Oulpul Vollage {mVp-p)

0

Fig.?  Juipet »oliage versus recording density.

M. Yanagisawa et al, IEEE Trans. MAG-19,1638(1983)



CONTINUOUS THIN FILM MEDIA

3.2 GByte Disk System

(pATTY)
_ »Fe:0, Thin Film Co-Ni-P Thin Film
1. Read-write Characteristics )
s QOutput Signal Voltage £0.60mv,_, &0.55 mV,-,
¢ Resolution =75% < 55%
® Recording Density & 550 FRPM & 620 FRPM
¢ Over.write Characteristics™ %-26dB $-26dB
s SNR A >32dB >28dB
2. Signal Quality
¢ Number of Defects per
Surface 2100 2100
3. Disk Size
® [nner Diameter 10040.1 mm 10040.1l mm
~0.0 mm -0.0 mm
s QOuter Diameter 210%+0.1 mm 210+0.1 mm
® Thickness 1.905+£0.025 mm 1.905+£0.02S mm
4, Thin Film Media Properties . +0.008
. . um
¢ Film Thickness 0.17£0.01 um 0.08._0.0“..3 um
¢ Coercivity 700 £40 Oe 600 £30 Oe
¢ Residual Flux Density 2500 +200 Gauss 7200 £ 300 Gauss
¢ Coercive Squareness =0.77 =0.77
5. Mechanical Properties
5.1 Surface Roughness
¢ Arithmetic Average S0.01 um $0.01 um
' & Axial Runout 240 um S40 um
@& Acceleration of Axial R 2
Runout (@) |a| S 40 m/sec |e@| &40 m/sec
s Minimum Head Flying He
Height _ $0.18um $0.15 um
5.2 Lubricating Properties )
. Mmmum CoefTicient of £03 $03
Friction
¢ CSS Characteristics & 20,000 cycles = 20,000 cycles
6. Protective Film Thickness 0.000 um 0.08 £0.01 um
#* No deterioration is caused at 40°C for 7
7. Reliability months under 80% relative phumidity
#* Output signal quality does not deteriorate

S. Hattori et al

. vec ((483)

47



ADVANCED CONTINUOUS THIN FILM MEDIA

8.8 GBYTE Disk SysTem

Desired characteristics

‘!L Large capacity

(GEMMY)

Critical design keys

Increase i areal
racording density

be/r

| Fast access time

~
~

Technolcgias emoloved

Ant;-wear, Rich SNR thin fitm
media

Ligh:waeighs, ow-flying heignt
slider

. | S t Strong magnetic fieid-generating
[Cowbitcox [ / /‘ Sinprutsion o N\ film heac
,)\.\ New mazterial-comoosed, compact
| Fioor space savmqj \ tvs0-in-one dual actuator
/ | Hig' ‘wear durability Q e — —
[Tigh pora— \/‘ Contaminant-free sh:il ’:n;ct;wmnnca , very sti
- e 4;10
— ]
£ capacity 3
3 s
~ 105 _: o a u
= i ./ ! e data rate
§ I / / J z L @ 30
= o g z ! | :
@ o 3 a \
S =
g Nk dencsity § ey (o]
g 10 1018 2
= ° -
- 3 0 : ] A s average seek .
g / : s10°'t tim:ge 120
: o]
@, 8 those of newly o
103 -
developed system ©. 8 those of newly
developed system o 10
e L 1 -2 1 A
1970 1975 1980 1985 1990 10 1970 1975 1980 1985 1990
Year Year
Thin Film Media GEMMY
N Storage units | Newly IaM
.)/. 5,_[7 3 Co M P Specifications developed | PATTY 338 ()
Storage capacity (GByte) H
Bg [G ) 2 200 &oov per Unit 838 32 | 5
» per HDA 22 04 ;126 2.52
h"cGe ) 70n XOD per Actuator 1.1 0.4 ! l. :i M ’-,-S 7 Q
5(& ) / é oD S—n Data rate { MByte/s) 4.4 1.344 | 3 t y
Average seek time (ms) 12 18 4
Latency time (ms) 33 10 . @
Tt"ﬂ Fl /m Hw Recording density I i 3 Tr
- Areal density (bit/mm?) 62k 24k | C N /
Gap OM) 0,5 Linear density (bit/mm) | 1240 350
) Track density (track/mm) S0 413
sle C“'"} 3 F.C.S — 87 Ki£3 (427
Stider. Al Ti C me T ]
et 3" SAR = 2845
eatim) <0.2 Ay =324 00 I



‘NOISE IN MAGNETIC RECORDING MELIA 51/

: . .K ..... CoRe
30 - V=950 IPS
FH.=02.m & = ds
2954
20 9
Disk Noise
(AV)iHz
18 o ~ A=
\{O&n
10 o ©.1um F.H. Write)
08 49
‘ y-Fe0,
CoCr 0.1.m F.H. Write)
0= 3 Y
0 10 D »
(-3] €2) =)
Frequency (MH2)
(Density)
S/N AND PERFORMANCE SURVEY
(950 1PS/0.2um F.H. READ)
Media Y-Fe;0,| Co-P |Co-Ni-P| CoSm | CoRe CoCr
Dy (KFCH) 125 19 18 20 21 2 25
Sro (UVep) 185 170 154 133 128 59 108
Noc (NV/VHZ) | 0.87 0.21 0.40 0.20 048 | 34 31
N.c (nV/VH2) (] 117 1.16 0.52 |>1.81 ~0 2
(120ma) | (30ms) | (80ma) | (150mas) | (80ma) | (150ma) (150ma)
(SMN)roraL (d8) 36 30 29 as 25 32 38 _
MEDIA
(S/N)ow (dB) 28 39 35 27.5 34 20 23
ON TRACK
0.1um F.H. 0.ium F.H.

Write

Belk edns ((185)

Write




REVERSED DC ERASED
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MICROSTRUCTURE OF SPUTTERED THIN FILMS

0.5 SUBSTRATE

TEMPERATURE )

ARGON
PRESSURE

(mTorr)

Thorwton



FACTORS AFFECTING THE MAGNETIC AND REVERSAL PROPERTIES OF THIN FILMS

COMPOSITION 4. SIZE, SHAPE, ORIENTATION
"~ OF GRAINS

1.

2. TEMPERATURE |
| 5. CONCENTRATION AND DISTRIBUTION

3.  STRESS OF CRYSTAL IMPERFECTIONS

6.  IMPURITIES

Locus of Increasing
<3 value of Forameter

parameter
<@ Thickness
GER  He/Hk
Ms.

/ WALL MOTION
M.0.P

WAL MOTION
Homogereous Film

Ouch: ((487)



MICROMAGNETICS OF SPUTTERED COCR FILMS

LORENTZ MICROGRAPH OF CROSS SECTION OF COCR/PEPMALLAY FjLvus
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MICROSTRUCTURES AND MECHANICAL PROPERTIES OF RF SPUTTERED CoCr FILMS

Surface Grain Diameter (A)

5._
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ARGON PRESSURE DEPENDENCE OF MAGNETIC PROPERTIES OF RF SPUTTERED CoCr
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MICROSTRUCTURE AND COERCIVITY OF COCR FILMS DEPOSITED QN
VARIQUS SUBSTRATES BY DC MAGNETRON SPUTTERIMG

Sem micrographs of 10.000A thick Co-Cr ‘hin filme
sputtered on six differert sudstrates: (A, Al. (8) NP,
(C) SK111), (D) $K100), (E) Cover Gtass, (F) Si

water with Si 0y,
1300,
§ ' Dep rate : SSA/sec
‘ 'y .." ‘‘‘‘‘
1100;- |
i e
300~

Hc (vert) Oe
~4
Q9
o
T

500;-
. - Cover glass

‘ ] . /_,o" = o wp NiP ]
100=- - o/ oosmmses Si with Si0,

: 7, ‘-0 SKI11)

._.-.:“_.,‘.:‘o'..." :.oo.o-. N

' ®- s $i{ 100)

100~ ' s :
%% 3500 5000 7560 10000

)
THICKNESS (ang) &V\m ( (0’3 ’

Fig. 3: Relationship between Hc (vert) and thickness
for the six substrates sputtered at 55A/sec.



VACUUM DEPOSITED

Hca /kOe

CoCr

OA Co-Cr/Ti
© B Co-Cr
o C Co-Cr/

Ti(deterio.)

PERPENDICULAR MEDIA (TAPEB)

PET
Sul b‘h'm*e

100

200

i

1

800

1000

® B' thinned
from (*)
0 ! 1 ! 1 1
0 50 100 150 200 250
Thickness & /nm
EE v
. 2 s00
Table Head dimensions. 5 -
< B
2 Length(um) 0.16 [0.28 | 0.2 § T
ack width(um) s0 22 s S > 100F
3
aber of Coil Turas(turn) 20 22 20 E ~
> Depth(um) [} 28 14 = o 20 30
Recording Density (kFRPI)
Fig. 2 Recording density characteristics.
= 3 AP
3 ' " I50KFRPI ‘ i o
g A o - 100kFRPI
& 300t - J Y
§ .-3'\! 300~
N > a
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FACING TARGET SPUTTERING OF CoCr FILMS
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SEMIPARTICULATE THIN FILM »RIGID DISK MEDIA
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SpuTTERED CoCrRM AND CoNxM TerNARY ALLoys on CR
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COMPARISON OF PERPENDICULAR & LONGITUDIHAL MODES
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COMPARISON OF PERPENDICULAR AND LONGITUDINAL RECORDING Limii
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COMPARISONS OF FUTURE OF LONGITUDINAL AND PERPENDICULAR RECORDING
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CONCLUSIONS

METAL-IN-GAP HEADS WILL REPLACE FERRITE HEADS FOR

HIGH AREAL DENSITY RECORDING APPLICATIONS OF RIGID DISKS
MIG HEADS WILL COMPETE WITH THIN FILM HEADS AS LONG

AS THEIR COST IS LOWER THAN THAT OF THIN FILM HEADS

THIN FILM MEDIA WILL REPLACE COATED OXIDE MEDIA FOR

HfGH AREAL DENSITY RECORDING APPLICATIONS OF RIGID DISKS
METAL EVAPORATED THIN FILM MEDIA WILL COMPETE WITH METAL
PARTICLE MEDIA WHEN THE WEAR AND CORROSION PROBLEMS ARE.SOLVt
HIGH DEFINITION VIDEO WILL BE THE DRIVING FORCE FOR
USING PERPENDICULAR MAGNETIC RECORDING

SEMIPARTICULATE LONGITUDINAL THIN FILM MEDIA EXTEND THE

LIFE OF LONGITUDINAL RECORDING FOR ANOTHER DECADE

PERPENDICULAR THIN FILM MEDIA WILL REQUIRE MAJOR DEVELOPMENTS
IN SMOOTHER SUBSTRATES AND IMPROVED HEAD DESIGNS
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