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FUNDAMENTAL PROGESSES
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SIGNAL WAVEFORMS
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RECORDING DENSITIIES

HIGIT DENSITY

RECORDIER SPEED MAX T MIN A SIGNAL

INSTRUMENTATION 1-120 ips 2 Mllz 6O p" DIGTTAL -
(33 KI'RI)

QUAD VIDEO 1500 ips 15 MIlz 100 p" IF.M.

CONSUMER VIDIEEO 220 ips 7 Mllz 30 p" I".M.

AUDIO CASSETTE 1-7/8 ips ' 20 kllz 80 p" LINEAR

DA'T 123 ips 5 Mz 25 p" DIGITAL
(o1 KBPI)

COMPUTER DISC 1000 ips 10 Milz 100 p" DIGITAL

(20 KI'RT)



RECORDING GEOMETRY

v e P
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MEDIUM /l
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g = GAP LENGTH
d = FLYING HEIGHT

6 = MEDIUM THICKKNESS OR RECORD DEPTH
W =TRACK WIDTH
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DEMAGNETIZATION FIELDS

FOR CONTINUOUS MEDIA USE H, M
"FLUX DENSITY"

Py AS A "CHARGE DENSITY" IS A CONVENIENT WAY
TO DESCRIBE FIELDS FROM ELECTRONS IN A CONTINUUM

BAR MAGNET:
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DEMAGNETIZATION FIELDS (Continued)
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AVERAGE DEMAGNETIZATION FIELD
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MAGNETIC HEADS

FUNDAMENTAL STRUCTURE
TAPE PATH HEAD FIELDS
FLUX PATH

+(HIGH PERMEABILITY)

FUNCTION OF HEAD IS TO TRANSLATE
THE MMF (NI) OF WINDINGS TO THE "
GAP WHERE THE TAPE PASSES

L AN
WINDINGS N
SIMPLEST APPROXIMATION (WIRE FIELD)
CONSTANT MAGNITUDE
‘ﬁ H-di=NI D"”m "~ FOR EACH RADII r
NI

H, = DEEP GAP FIELD 2> NI=H_gorH Sy

T [X ly2 )
H — Nix /

=

y
m {x2~l-y2 ] :




HEAD FIELD EXPRESSION

| SOLVE POTENTIAL PROBLEM FOR FINITE
PERMEABILITY .

'y (x,y)

I FOR pu—0o0 AWAY FROM WIRES CAN SOLVE:
V2 (’; = O,ﬁ =—6 (,),II)S =-|- %!-
ON OPPOSITE SURFACES

Il KARLQUIST APPROXIMATION:
2 DIMENSIONAL, NO END AFFECTS, GIVES FIELD ABOVE
HEAD TWO WAYS:

EXA[ cunmrenT
1) SOURCE SHEET OF CURRENT WIDTH g t =] sheEr
2) UNIFORM POLES ON GAP FACE 2|

H " _ POLES (n-M).
RESULT Mo g g/2y X an=1 g/.';!, X ]

m

H = Ho In (g/2—x)2-1-y2
Y2 (g/24x)24y2
Nle

H0 = ——— € =EFFICIENCY
9



SOURCES FIELD FOURIER TRANSFORMS -
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(" MAGNETIZED TAPE

_ . 1 lkx
r(k)=_fm a'kxF(x)dx,F(x)—-é-;r-“L dk o/**¢(k)

ENEHGIZED HEAD
IN TWO DIMENSIONS:

92 02
V2""‘”"—"".‘l’)’|‘———llt==0

ax2 ay2
TRANSFORMING ~ Hly)
HS (k,0)

2
K2 (k,y) + "’—g— (ky) = |
dy ky

b (k,y) = (k010 KY | ~ K = 2ur/A

H, , (ky) = HZ (kole ™Y "SEE" EFFECTS TO y =~\/3



SPACING LOSS

e Applies to 2D fields with no permeable media
(keeper or recording medium) above source

e Applies to harmonic analysis only

eLinear on a log-linear plot

-54.5 y/A (dB)

H(k.y) 20 logyo H(k y) Y
HS (k,0) |

y/A




HEAD SURFACE EFFECTS

CAN SHOW (2D) HY(k) = IHX(k) (ONLY A 90° ROTATION)

. o .
H;‘ (k) = _f o Thx Hg(x)dx
EXACT SOLUTION
]

P E
APPROXIMAT ~.

/ H:(X) .

L _

X
—Hg k) 2 sin 1.11 kg/2
NI 1.11kg/2

* EDGE EFFECTS (KL)

HX(k) —0 AS k — 0 SINCE _fm HX (X)dx =0

HEAD "BUMPS *

[

GAP LOSS

/

|Hs"(k)| 10}
Nle

1/ AZ1.11g



THIN FILM HEAD RESPONSE

CROSS-SECTION OF A COMMERCIAL

FIELD SKETCH
THIN FILM INDUCTIVE HEAD

(Szczecn)

(COMPLIMENTS OF THE READ-RITE CORP,)
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THIN FILM HEADTRANSFORMat surface

SYMMETRIC HEAD
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RESPONSE (d8)

T FH RESPONSE EXAMPLES

SYMMETRIC
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MR RESPONSF
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RIEPRODUCKE FLUX DICFINICD

g = [llux entering head at surlace
Hpe = lield from medium at head surlace
w o~ N

i,

W
A’

s

—-— . —_— , . y
O = JI da Bygrmar = 1o W g dx

arca at top

surlace

Total flux ¢ is that through windings or that entering all surlaces
(net Mow!)



Ho =MT %

@veﬁ =€ ds

REPRODUCE PROCESS
(GENERAL)

oct  _d¢
V = -N’Jt—

RELATIVE HEAD TAPE MOTION SPEED

dx

—

t

<
Il

=>V=-Nv——

or

d¢ surface

V=-NevW per track width




RECIPROCITY
EQUIVALENCE OF MUTUAL INDUCTANCE FOR TWO SOURCES

' ' 0 (MEDNM) . e (”EAD)
|1,V1 v2'|2 N |

H,, Is FIELD DUE TO I

FOR CURRENT IN 1 (1,) $bo= [ da-H
1 2 Afz 21 EVALUATED AT A,
IFOR CURRENT IN 11 (1,) b= [ daHy, CONVERSE FOR H, ,
A ~
(f)2 «[)1 ' II)1|1 dal1-H12
i R T
1 2 2 A, 2

| CAN BE MAGNETIZED TAPE SINCE CURRENT
LOOPS CAN BE EQUIVALENT (EXTERNALLY)'
TO MAGNETIC DIPOLES

Il CAN BE REPRODUCE HEAD



RECIPROCITY (cont.)

— v =vt)

MAGNETIZATION PATTERN _\V' M (T)
L p — |
[ \ *
; - ex »i | H(F 4+
/ | | | \

H,| REPRODUCE HEAD

——

REPRODUCE FLUX EXPRESSED AS:
N
b ) =pof [ [ MF )VHF +d
TAPE

1) H IS EVALUATED WITH UNIT NI APPLIED TO HEAD
2) RECIPROCITY IS A CORRELATION OF M & H
3) PROCESS MUST BE LINEAR



RECIPROCITY WITH PERMEABLE MEDIA

> o5
How is the head field H (r) deflined?

—>

.9
What constitutes the medium M (r)?
(Wessel-Berg-Bertram, Smith)

SEVERAL POSSIBILITIES!

1. Head is due to wires only and "medium" is all magnetization:"
medium, head, keeper, etc.

2. Head is due to wires and all reversible magnetizations: head core,

keeper, reversible M in medium
"medium" is remanent magnetization only (preferred-easier)

Be careful!



REPRODUCTION OF SINGLE
PERFECT TRANSITION

DAY AN N

—
—

..||<\x

Ne\\,Nv = of f **'M(x‘) H(r'1-x)dx'dy’

'FOR THIN MEDIA

Vo, Mg [I-Ix(x0-|~x,d-l-8/2) cos()—H'y(xo-l-x.d-l-6/2)sln0}

vNeW
0= 0<0<r/2 | O0=1r[2
X=X o
LONGITUDINAL M X, .
JTERMEDIATE o
I - VERTICAL M

PW, ) = ~ g2 +-4d(d-1-5)



SPECTRAL RESPONSE

M(X)

SQUARE WAVE .
RECORDED ~B-| -

-— A — IC = 2u/\
RMS FUNDAMENTAL VOLTAGE

vims o 707 21 vPulse(y)

o

d1b
veulse(l) =, | dy' kM (y')-Hg(k)e™

d
NWev

y rms A 1—e7*® (ka Sin1.11kg/2

= 707X — X p M, Kb

NWev r I(B\ 1 .1\1 kg/2
MAGNETIZATION / THICKNESS \ GAP
DIFFERENTIATION LOSS



EXPERIMENTAL SPECTRAL CURVE"

v =500 IPS
OPTIMIZATION @ TAPE: Mr~ 1200 G
60 n" WAVELENGTH Hc ~700.0e
Loy ey a1 § 4200 l""
30 HEAD .

VOLTAGE LEVEL (dB)

| DIFFERENTIATION (kd)

\\\ GAP LOSS
THICKNESS LOSS S CORRECTED.
' ~
| -/
(1_e—k8):| g
kd DATA

SPACING LOSS e~ OR -55 d/MdB|[
— FITS TO d = 16" :
FITS TO 5=55u"

WAVELENGTH (..") GAP LOSS
125 63 43 392

250

0

T ¥ ¥ ! ¥ T T T T T T T T T T

10 | 20
FREQUENCY MHz



FFINITE TRANSITION LENGTH

M
M
Y ARCTANGENT
1 t
I 21\/[! 41 X
| X M(x) = o tan-1 o
{_>
* \ 2i M,. c-lka

| e-kd e-ka — e-k(a+d)
= d = d+a=dgrr

PWar™  =+/g2 + 4(d+a)(d+a+d)

Note: Il aretangent is not a good fit (c.g., ¢ r [ (%)
= no simple clfecive spacing !



"ROLL-OFF" CURVE
VpEAK

Vv -—SdB

& VPEAK 7‘\

/ RMS SPECTRA

3dB

PEAK OUTPUT

ROLL-OFF CURVE JOINS SPECTRA WHEN
PULSES BEGIN TO OVERLAP (EXCEPT FOR
3dB PEAK TO RMS SHIFT)

KFRPI
D IS DEFINED BY DENSITY WHERE PEAK OUTPUT DROPS 50%

SIMPLE FORM: FROM PULSE EQUATIONS FOR THIN MEDIA ( « = O)

o
1_9
VpEAK < g g o™ Sdra)

1 4 —k(d+a) sinkg/2
Vrms‘" 2 ar Mo kb e kg/2

Dgo OCCURS FOR THAT k WHERE

\')
eak 2V



APPROXIMATE Dgq CURVE

2 EXAMPLES g =27 pn"
d=10p"
— pisk | PWso | Pso
A5 H_ 450 Oe |
- |
4 _ 5 3 “n |
. L o i 4 M, 10,000G | 20
——_“74“_-‘ X Illl r " "
N ol ay 22, 67.5 1" | KFRPI
\ Pl
/< 0O o .
x| H_. 900 0e
c " .
I =
~._|~| M, 100006 35
T a, 5pun" 40.5 u" | KFRPI
o Cth
0 4 B8 12 16 20

(d+a)/qg -
APPLIES TO LONGITUDINAL RECORDING

D50xg IS FLUX REVERSALS PER INCH TIMES INCH

OR FLUX REVERSALS PER METER TIMES METER




SIDE READING
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RECORD PROCESS

ULTIMATE DEMAGNETIZATION LIMIT
H d <H
emag- C

ISOLATED TRANSITION

LONGITUDINAL VERTICAL

Hgmax —=-~, l/— M(x)

OVERLAPPING TRANSITIONS (SINEWAVE):

H, (SURFACE) = M/I!SHc (BOTHL & V)

RECORD PROCESS DOES NOT PERMIT THIS
LIMIT TO OCCURII



DEMAGNETIZATION LIMIT - LONGITUDINAL

, Contact J/c) vo o t50fated pu/;e.
Ineay so/:eypas/wm

. udMo)wr d mm)m-ul 1 afeom

amen ~NTELT He

Me = /Jooo

Dealjt ~/
V! = "‘"'i‘r MNwev Jo Md\/g’i‘m :‘2_31:;,“,.1

d = ‘L}A” ,Mﬁt = /0,000 G
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DEMAGNETIZATION LIMIT - PERPENDICULAR

o CONTACT J/o}vv ©.0 + IsoLated pulse.
. 8‘/? w | v ea - fuPQV/)aG}f/m
Roll-of! Curve
0 vy —————r—r—
;& )
Xoal —
) y
3 !z “)0
g °[ & '
& 11]- N d/g = 0.01
% ol ‘ 8/g = 1.0
...l O -—
.—‘ 0 l 2 ~ A i A s 2 dal
Poslllon x/8 : te-t 10- 10°

8/\

6‘:‘) ,HQ: looo J«¢
v puk. (mVM-IS/nuJ—:})th& ~}-H- ) = 3o ‘/137

Dso (g =r0u" )~ o KFcI

e Shovld do /)robe_ fketa/ey ’/'/



BASIC RECORDING CONCEPTS

MEDIA H = H, CONTOUR

H—o MAGNETIZATION

)

N\ ,
<.........._(...... ._...)......;...._.J..__

(

N g 5 | oo

BUT REVERSAL LENGTH IS NOT ZERO!



BASIC RECORDING CONCEPTS (Continued)
M | | | l.;r
1

H
©r
| (75%) Hy

e

| R
MY |
M-H LOOP RN / ‘_,‘ ll } \
* orn — -2 '
T | |
a, = TRANSITION WIDTH
. "‘27!‘ (ﬂ[""d )
SHORT WAVELENGTH VOLTAGE: V « e —
a, DECREASED IF - 1) SFD DECREASES

2) HEAD GRADIENT SHARPENS (d—o)
3) DEMAGNETIZATION IS REDUCED



ROLE OF DEMAGNETIZATION FIELDS

1) Hd REDUCES NET

FIELD GRADIENT (dH/dx) AT TRANSITION
POINT x_ AND THEREBY

BROADENS THE

TRANSITION (dM/dx).

2) Hd IS ZERO AT TRANSITION
CENTER AND (TO FIRST ORDER)
DOES NOT MOVE THE TRANSITION.

TECHNIQUES TO SOLVE NON LINEAR M(x) PROBLEM:

1) FULL ITERATIVE CALCULATION AT EACH TIME INSTANT
—M—Hd— — —HaNEW_, ...
CONVERGENCE

2) ASSUME SHAPE OF TRANSITION WITH A FEW

UNKNOWN PARAMETERS AND SOLVE USING A
SIMPLE CRITERION



ARCTANGENT MODEL

2 -1 _ -ka
M(X) = .:'.;. M r tan x/at <:> Mk(k)v— 2ere t/k

NET
1 FIELD ,
7” H=Hg
N
HEAD FIELD ~\

N/ '
7 \
DEMAGNETIZATION \‘/
FIELD

/___| ‘___\ M(X)
HEAD LOCATION

SLOPE CRITERION

dM _ dm | dH, - dH,
dx  dH | dx dx .



SLOPE MODEL (Continued)
dM 2 Mr dM _ Mr

d« « a ' dn  H,(1-8%

0.3

5
dHy, “QH dH, -_ MB
dx d ' d)( 1]-(]2

SOLVING SLOPE CRITERION YIELDS

L di-s) “ di-s1 ) | _M._ﬁil" i
rQ TQ ~uQH,
SHARP GRADIENT Q —o0 = a—0
ZERO SPACING d—0 = a—0
SHARP LOOP S*—1 = a DECREASES
REDUCE DEMAG Mr/”c — 0 = aDECREASES
REDUCE THICKNESS §5—0 > aDECREASES



CURRENT OPTIMIZATION - SHORT WAVELENGTHS

VaM, ks gl@

OPTIMUM
GRADIENT
WL a ('opt)
| Q =.76
I
INCREASE : :>(
|
dH -
dx
VOLTAGE
| l f \ b T T T
— |1 l2 l3 l4 |5 '6
Ho(l)



PERPENDICULAR RECORDING

THIN MEDIA | Il = -M FOR ALL M(x)

2llc -
Ie =

RING HHEAD



ISOLATED PULSE

V(x) a [ —3—% - HY (x1x)

(a) M
;\ x’
N
(c) 117
N~ ¥
|
*.

(d)

(b)

oM

ox'

V(x)

Y

4

PERFECT TRANSITION
"\

/
\

‘7\%‘

\

/

/
DEMAGNETIZATION
LIMITED
TRANSITION



PERPENDICULAR RECORDING
THICK MEDIA - RING HIEAD

DEMAGNETIZATION FIELDS ARE REDUCED IN REGION OF
TRANSITION

1) ¥ 1) I ) I T ) T 1) |
eyshool -
a0l 3} o wame

M(x)/Hec o Ed(z)/Ee

-2.0 ~-1.0 0. 1.0
“Posillon x/g

REDUCTION O DEMAGNETIZATION FFIELD CAUSE:
1.

2.0 3.0 4.0

TRANSITION SHAPE TO RESEMBLI SURFACE ITEAD FIELD
(LopezsMiddleton)

2. OVERSHOOT TO OCCUR DURING RECORD PROCESS
RELAXATION |



FULL 2D CONTINUM VECTOR

RECORDING MODEL

(Potter and Beardsley)

DEMAGNETIZATION COMPLETELY INCLUDED

LONGITUDINAL

PERPENDICULAR

___) >_3__>_)__>__>__>_>_.5,_W)-. . ~(M‘(‘<—<"<"<'e *
>3 >>F >33 > FII PN | ¢ e
=>> 3> >3S0\ ) L e

o o a2 0 R TR TR T TR DR R S s e et

SIDEE VIEW

L A SRR Y
SRR RN RN

e »”
e o
e
e &~
e &
e o~
o g~
e o~
e o ’
Pl =

Perpendicular appears sharpest

Longitudinal has signiflicant perpendicular component in transition

Who wins ?




RECORDING ON THICK
PARTICULATIEE MEDIA

FIELD HISTORY IS A ROTATION IN RECORDING PLANE

ANGULAR DEPENDENCE OI' COERCIVITY MONOTONICALLY
INCREASES

I'IELD HISTORY ANGULAR DEPENDENCE

3 o 1 1 1 1 i 1 [] 1
—_~ 9. [
[@]
NECORNDING MEDIUM PARTICLE g :‘ DATA yFo,0, .
\/‘\/ ® ° ¢
=
| — "/Z p
2.0-
I'IELD vccmns /\ , ‘r:‘ .
" o S I, = 1/c0slo,) * o
. [o] ¢ °
l . = °
| ) .
", nEConn gL \
HEAD Z
—_—— X Hy = CONST. |
QAP

v T T T
o 20 A0° G60* 00°
HUCLEATION ANQLE o, (DEQ)



CONSIDER TWO PARTICLE REPRESENTATION

P8 OG89 D
) NN NI NI VIR “’§ N P npowNe

xdown
|

[}
NET » - = J 1 1 « « «

xdown _ yup -  Ax s 0!
20 = A0

x and 0 both affect replay voltage

ig. AO-kA
= V(k) = Vg{r)'rg cos{ ,( x}

a~d



Cos(’-’w‘);k“)

Kax

PEAK AT KAx=ADO0
NULL AT w2 =(kAx-A0)/2

D.C. LEVEL IS COS 0 OR SQUARENESS

LESSENCE _OI' MODEL

PIHASE SIHIFT BY FREQUENCY (K) OR RECORD CURRENT

(A X) INCREASES OUTPUT TO COMPENSATE FOR REDUCED
ORIENTATION IN THIE RECORDING PLANE !!



(Zhu, Bertram)

MICROMAGNETICS -- THIN MEDIA (top view)
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REVIEW OF UNITS

S1 (MKS) C.G.S.

B =p, (H+M) B=H+47M

B: TESLA GAUSS 1 TESLA =104 @

H: AMPS/METER Oe 80 A/M = 1 Oe

M: AMPS/METER GAUSS 1kA/M = 1G (emu/cc)

o = 4wx10~7 HENRYS/METER

EG. FIELDHFORN=10,1=30mA, g =30 p"

H = -'-3'- = 400 kA/M OR 5000 Oe

MAGNETIZATION  yFe,04 =70 emu/g, p-4.6g/cc

Mp = 70%4.5-350 emu/cc

My apE = PM =+x 350 - 110 emu/cc - 110G OR 110 kA/M

B, = 47«M = 1500G or .15TESLA
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