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MAGNETIC PROPERTIES 
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. MAGNETO.CRYSTALLINE ANISOTROPY 
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DEMAGNETIZH~G 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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PHYSICAL ORIGIN IS SPIN-ORBIT COUPLING 
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MAGNETIC ANISOTROPY ENERGY DENSITY 

l. CRYSTALLINE ANISOTROPY 
IWY~H 
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MAGNETIC DOMAIN WAUS 
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CROSS-TIE WALL FORMATION 
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MINIMUM DOMAIN WALL THICKNESS 

ASSUME A SIMPLE CUBIC ARRAY OF SPIN DIPOLE MOMENTS 
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SINGLE AND MULTIDOMAIN PARTICLES . 
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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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~1AGNEiIZATIOH av WAL.I.. MOTION 
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EFFECTS OF INCLUSIONS AND MICROSTRESSES ON WALL MOTION 
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MAGNETIZING BY DOMAIN ROTATION 
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MAGNETIZING PROCESSES 

.DOMAIN WALL MOTION AND DOMAIN ROTATION 

"' - 7 ' / 

t >< i 
/ ' 

IL/ - ', 
Unmapttiied 

-·<-
' t ' / 
/\! 

/ -..., 
//-

M11ntcizatton 
increased 

by domain ll'owth 
Fundamental ma1neuzabon process 

Reversible boundary 
d1sptactments 

Ma1net1c field H 
Typical magnetization CUM 

MqMlization 
incrtlsed 

by domain rotation 

THIN FILM HYSTERESIS LOOP AND SWITCHING 

H.i . .... EASY 
llt~ 

a.a 
<1.1 

u 
u 
Q.6 

u 
0.: 

0 

C>o-o ... __ 

-':'!I-



FACTQRS AFFECTING P4AGNETIC PROPERTIES 
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MAGNETIC PROPERTIES 

A. INTRINSIC <STRUCTURE INSENSITIVE> 

l. SATURATION MAGNETIZATIOK 
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MAGNETIZATION MEASUREMENT TECHNIP.LIES 
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HYSTERESIS LOOPS OF HARD AND SOFT MATERIALS 
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MAGNETIC DOMAIN AND WALL OBSERVATION TECHNIQUES 
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THIN F.ILfvl DEPOSITION TECHNIQUES 

~ec~•"iSl'I ?~ o~oa~c­
tton of ~eoosit1"7 
Soecics 

Ocpos i ti on R.itt 

Ctpostting Specte 

Tllf'0111int Power for: 

1. Comolta Sl!utcl 
Object 

C~n ~• very ~iqh (up to 
750 ,000 4/l'li".) 

Atoms and Ions 

Poor 1tnt·of·sfgllt coverage 
except by gas scattering. 

b. Into 5'11111 Sltnd Holts Poor 

Mtul Oeposttton 

Alloy Otposttf on 

Refractory Compound 
Dtposftton 

Entr'gy of Oepos1t1ng 
Species 

Yts 

Yes 

Yts 

Low 
"0.1 to O.S~tV 

90t1111irdment of Substrate/ Not no,,...lly 
Cepostt by Inert Gas Ions 

Gro111tll Interface 
Pel't11rb4 t f 011 

Not nol"N 111 

SubStl'ttt He~I,.., 
(by eattr'ntl-.:....,s) 

Yes nol'Nlly 

Mechtnfsm of Prod11C• 
tfo11 of Oepos1tfng 
Specfes 

D1posttfo11 Ritt 

D1p0s1t1ng Specie 

Tllro111fng Pow•~ fol': 
1. Complex Shaped 

Object 
b. Into S1111ll Sltnd Holes 

Metil Oepositfon 

Alloy 01pqsitto11 

Atfractory Co~po~~d 
Oeoositton 
Ener~ ~f Oepositing 
Spec1 es 

8ombardlllent of Substr'att/ 
Deposit by Intr't Cols Ions 

Gr:iwth Interfa<:t 
Pert1.irbation 

Swb$trate ~e~tin~ 
(by !•tern11 ~c~ns) 

CHEMICAL V~POR ~£PO~iiION 

Ch1111tc1l R11ctton 

~odar•ttt 
(ZOO. Z500 l/min.) 

AtOlllS 

Good 

Lfmite4 . 

Yes 

Yes 

Yu 

Can :e ~; 91'1 •i ti! 
Ph s~ i ., 1 ded eve 

?osstbl e 

Yes (b/ r.-:bir.;l 

Yes 

Tller'l"'a 1 Entr'91 

C411 be very nigh (up to 
250,000 A;,.,111.i 

Atoms •nd Ions 

Good, bvt nonuntfor.'I thfck• 
ntss dtstrtbvttons. 
Pool' 

, .. 
Yes 

"" 
C.tt bt hf gll 
(1-100 tV) · 

YU 

Yts 

'{esor "° 

ELECTROOEPOSITtON 

Low except for' 2u,.e ~e:a1s 
(e.g. c~. io,:co £1~·~.i 
Atoas 1nd lons 

Good, bvt nonuntfora tntc•· 
ntss dtstrfbutfon. 
Poor 

Yes 

Yts 

"" 
C.n tit 111 gll 
(1-100 •VJ 

Yts or no depending 
on geo•etry. 

Yts 

Not g1111r1lly 

Ctposftfon frOll Solutfon 

THERMAb SPRAY:~:; 

Froe Fl1m1s or P11sr::. 

Low to Hf gl'I Very l'llgll 

Ions :lropltts 

Good No 

Lim1 ted Very Limited 

Yes • l.fmtted Yes 

Quftt Lfmfted Yes 

l.ir.i1 ted Yes 

~" :>t 1'11gl\ Co111 :," rii;ll 

tto . Yes 

No tto 

Ito ~ot nor.::•~ ~ 1 



FORr1A.TIOM OF A THIN FIU1 

(1) Sin911 Atom """'" 

' s .. tnir•t• 

9 

o~o 
\ 
0 

0 
\ / 
0 

lc:l Coll111on & Ccmt:11na11on 
of 5,,.911 A!OITll 

0 & v 
(di N1.1ct11tion 

. ··111encu·· of 
Atom• 

l'dm.. 
( ~ 
~ 
~ 

~ 
~ 

ltl Grow1ll 

., .... ,,. 
.m:'''' ,gmmm:: .:m~i: '"""' ,,,~,, \. \. ,. 

Swtu1r11e 

(hi Contil\1.1i1v 

ltlll11 



SPUTTERING PROCESSES 
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PHYSICAL PROCESSES OF MICROSTRUCTURE ZONES 
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THIN FILM MATERIALS CHARACTERIZATION TECHNIQUES 
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MAGNETIC PROPERTIES OF NI FE ALLOYS 
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PROPERTIES OF AMORPHOUS MAGNETIC THIN FILMS FOR 
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FERRlTES FOR HEADS 
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MAGNETORESISTIVE EFFECT FOR THIN FILM READ HEADS 
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Voke~MR 
: I,' --.., 

Media 

C""1"ent 

Gold Electrodes Ni-Fe Film 

•'Barber-pole" magnetoresistive element. 
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THIN FILM HEAD 
vs 

FERRITE 
CONVENTIONAL 

AllNCHESTER FERRITE HEAD THIN FILM HEAD 

\ 
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7.77 

THIN Flu~ HEAD FOR DISK RECORDING 

Mt011o11n 



DOMAIN STRUCTURE OF MAIN POLE 

OF A THIN FILM HEAD 

(c) Hk = 2.4 Oe 

Domain structures of main pole films having track 
width of 50 µm, thickness of 0.3 µm and length of 
3.5 mm for various anisotropy fields. 

(a) 

:-
(b} 

Schematic models of domain structure for films of 
{a) wide track or high Hk, (b) narrow track and 
low Hk· 



COMPARISON OF RING AND SINGLE POLE HEADS 
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A YOKE M.AGNETORESISTIVE HEAD FOR HIGH TRACK DENSITIES 

I I 
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·· . Head Comparison 

Inductive MR 

Thin film processing Thin film processing 

Velocity dependent Velocity independent 

Same read/"vrite Separate read/write 
devices devices 

Lower signal levels High output level 

Higher input Low input 
impede nee impedence 

Compromised Optimized 
writer/reader writer/reader 

Currently at near Higher track 
• densities maximum 

Need to fly low . Can fly higher 
to disk 

Equal read/write Write wide/ 
widths read narrow 



FILMS 

FILM VERSUS PARTICLES 
FOR RECORDING MEDIA 

ROUGHNESS MORE CRITICAL 

OVERCOAT REQUIRED 

PARTICLES 

CANNOT BE MADE VERY THIN 

MECHANICAL RESILIENCE IS 

GOOD 

HARMUNIC DISTORTION AT LOW BETTER WIDE BAND RECORDING 
FREQUENCY 

OPTICAL READOUT POSSIBLE 

HIGHER RESOLUTION 

THIN LAYERS EASILY MADE 

BETTER SATURATION RECORDING 

r l 

4: 



EFFECT oF SQUARENESS OF HvsTERESIS Loop 
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SWITCHING FIELD DISTRIBUTION 
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THIN FIU1 LONGITUDIHAL MEDIA 

CHEMICALLY PLATED MAGNETIC DISKS 
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MAGNETIC RECORDING MEI>IA EVAPORATE!> AT OBLIQW INCII>ERCZ 
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SP91"1'DED CO-Pt FILMS FOR HIGH DENSITY' RECORDING 

Tabte Z Medium PfOl*ti••· 

Utms Ca.,,.N1,,J'•.,.: PloftCI Co•Ni•P 

Cotrc1v1fy ( Ot l 893 T 640 

A tmcn 1nce ( Goussl I 10,410 I 7,200 

Soucrtnus Sr t 9s i 0.90 I 0.76 
[iotrc1vt Ql,jOrtntss s• 0.97 ' o.az 
Med!Wft mic:1eness(ll i 300 .. 1 300 

Overcoot tl'llC:Kfltssl~ 200 L 200 

----------------1.0 Q lt1 It 

•. s• 

. o'o 
ra.,11ortt 

c.-~ .... 
~.o. ,__.4o.1 

1c• 
'Lt 

' .... • 

Coerciv1ty and 1q1.1M1MU dependences on UIOI 
pressure II\ tne Coo.ao Pto.zo hltn· 

··----------------------, 

~ ., O 20 lO 'O 10 100 

=e~;·: l"lq density 1 KFRPt> 

M. Yanaqisawa et ai, IEEE Trans. MAG-19,1638(1983) 



CONTINUOUS THIN FILM ME~IA 

3.2 GByte Disk System 

(PATTY) 

>"f e.Oa Thin Film Co-Ni.P Thin Film 
1. lllad-writ• Owacteristics 

• Output Slpa1 Voltap ~0.60mv,_. ~0.5S mv ••• 

• RaoluUon ~7S" ~SS" 
• RecorcUns Density ~SSOFRPM ~620FRPM 

• 0..-Write Owacterilticl .. · S-2648 S-2648 

• SNR >3248 >2848 

2. Sipal Quality 

• Number of Defecu per 
:ii 100 SlOO Surface 

3. Diak Size 

• Inner Diameter 100+0.1 mm 100+0.l mm 
-0.0mm -0.0mm 

• Outer Diameter 210±0.1 mm 210±0.1 mm 
• 1'biclmell 1.905 ±0.()25 mm 1.905±0.()25 mm 

4. Thin Film Media Properties 

• Film Tbicknea 0.17±0.011'111 o.oa +o.oos 1'111 
-0.003 ,an 

• Coercmty 700±400e 600±300e 

• llesidual Flux Density 2500 ±200 Gaua 7200±300 Gaua 

• Coercne Squuenm ~0.77 ~0.77 

S. Mechanical Properties 

S.1 Surface Roqbnea 

• Arithmetic Average :ii 0.01 ,an :ii0.01-

• Axial Ruaout S40 ,an :ii40-

• AcceleraUon of Axial l•I s 40 m/ac1 l•I :ii40 m/•c 1 
Runout <•) 

• Minimum Head Flyina ff• 
:ii0.18- Iii 0.15 ,an 

Heilht 
S.2 Lubric:atina Propenies 
• Maximum. Coeff"acient of S0.3 S0.3 Friction 
• cs.. Owacterilticl ~ 20,000 cydes ~ 20.000 cycles 

6. Protective Film Thicknea 0.0001'111 0.08 :tOJJI -

• No deterioration ii caused at 40'C for 7 
7. Reliability months under ~relative pbumidity 

• Output sipsal quality does not deteriorate 

s. Hattori et al • NEC ( 14 iJ} 
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ADVANCED CONTINUOUS THIN FIL~ MEDIA 

8.8 GBYTE DISK SYSTEM 
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Storage capacity (GByie) I 
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Disk Noise 
(nV)=1t·iz 

Media 

3.0 

:o 

t 5 

I 0 

°" (KFC1) 

S.,. (µV.._) 

a 

Noc (nY/\IRi) 

NAC (nV I VHz) 

(S/N)TOT&L. (dB) 
lllDIA 

(S/N)ow. (dB) 
ON 1"UCK 

·NOISE IN ~AGNETIC RECORDING MEDIA 

V•ISO IPS 
F.H.•G.2,,.m 

,. 
12' 

• 

• ..z• 
Frequency CllHzt 

(Densityt 

Colt 

', ~- .. 
.... \.,/ 

Cel111 
(0.1 .,m F .H. Writet 

S/N AND PERFORMANCE SURVEY 
(950 IPS/0.2aJ111 F.H. RUD) 

Y-F•A Co-P CoNP CoSm CoRe CoCr -
12.5 11 11 20 21 22 25 

115 170 15' 133 121 51 108 

0.17 0.21 0.40 0.20 a.a. .34 .31 

0 '1.17 1.11 0.52 >1.11 -o .22 
(120ma) (IOma) (IOma) (150mal (IOm8) (150ma) (150ma) 

31 30 21 35 25 32 31 -

21 39 35 27.5 3' 20 23 

l f 
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Write Write 
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REVERSED DC ERASED MAGNETIC RECORDING MEDIA NOISE 
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ARGON 
PRESSURE 
(mTorr) 

MICROSTRUCTURE OF SPUTTERED THIN FIL~S 

SUBSTRATE 
TEMPERATURE rTJ'Tm) 

1. 0 



FACTORS AFFECTING THE Mft.GNETIC AND REVERSAL PROPERTIES OF THIN FILMS 

1. COMPOSITION 

2. TEMPERATURE 

3. STRESS . 

4. 

5. 

SIZE. SHAPE~ ORIENTATION 
OF GRAINS 

CONCENTRATION AND DISTRIBUTION 
OF CRYSTAL IMPERFECTIONS 

6. IMPURITIES 

,......... Locus ol lnettasing 
~ Value al Fatamttlf' 

parameter 

• Thickness 
• Hc/Htc 

<!><o Ms-



MICROMAGNETICS OF SPUTTERED COCR FILMS 

LORENtZ MICROGRAPH OF CROSS SECTION OF coc~/PE?~ALL~Y FJL~S 
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MICROSTRUCTURES AND MECHANICAL PROPERTIES OF RF SPUTTERED CoCR FILMS 
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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 ON 
VARIOUS SUBSTRATES BY DC MAGNETRON SPUTTERH!~ 
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VACUt:M DEPOSITED CoCr PERPENDICCLAR :-iEDIA (TA.Pr=.) 
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FACING TARGET SPUTTERING OF CoCR FILMS 
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SEMIPARTICULATE THIN FILM RIGID DISK MEDIA 
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MICROSTRUCTURE AND COERCIVITY OF CONICR SPUTTERED FIU1S 
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SPUTTERED CoCRM AND CoN1M TERNARY ALLOYS ON CR 
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COflPARISOH OF PERPEUDICULAR & LDriGITUDIUAL f10DES 
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COMPARISON OF PERPENDICULAR AND LONGITUDINAL RECORDING LiM1i 
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COMPARISONS OF FUTURE OF LONGITUDINAL AND PERPENDICULAR RECORDING 
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CONCLUSIONS 

1. METAL-IN-GAP HEADS WILL REPLACE FERRITE HEADS FOR 

HIGH AREAL DENSITY RECORDING APPLICATIONS OF RIGID DISKS 

2. MIG HEADS WILL COMPETE WITH THIN FILM HEADS AS LONG 

AS THEIR COST IS LOWER THAN THAT OF THIN FILM HEADS 

3. THIN FILM MEDIA WILL REPLACE COATED OXIDE MEDIA FOR 

HIGH AREAL DENSITY RECORDING APPLICATIONS OF RIGID DISKS 

4. METAL EVAPORATED THIN FILM MEDIA WILL COMPETE WITH METAL 

PARTICLE MEDIA WHEN THE WEAR AND CORROSION PROBLEMS ARE SOLVi:. 

5. HIGH DEFINITION VIDEO WILL BE THE DRIVING FORCE FOR 

USING PERPENDICULAR MAGNETIC RECORDING 

6. SEMIPARTICULATE LONGITUDINAL THIN FILM MEDIA EXTEND THE 

LIFE OF LONGITUDINAL RECORDING FOR ANOTHER DECADE 

7. PERPENDICULAR THIN FILM MEDIA WILL REQUIRE MAJOR DEVELOPMENTS 

IN SMOOTHER SUBSTRATES AND IMPROVED HEAD DESIGNS 
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