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HEAD FIELD DISTRIBUTIONS

D. A. Lindholm, "Magnetic Fields of Finite Track Width Heads,"
IEEE Trans. Mag. Vol. MAG-13, Sept. 1977
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CLOCK
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BENNETT & DAVY, DATA TRANSMISSION, NEW YORK: McGRAW-HILL, 1965.
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J. Eggenberger and P. Hodges,
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Nov. 1976, pp 740-42. 010000
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CHANNEL CODE PARAMETERS

T DATA BIT TIME INTERVAL

m # OF DATA BITS GROUPED

n # OF CODE BITS IN GROUP

m/n  RATE

d MINIMUM # OF ZEROS BETWEEN ONES
K MAXIMUM # OF ZEROS BETWEEEN ONES
Tmin MINIMUM TIME BETWEEN TRANSITIONS
MAXIMUM TIME BETWEEN TRANSITIONS

max

DR DENSITY RATIO = T, /T = DATA DENSITY
MAX. TRANS. DENSITY

W HINDOW = (m/m)T
DSV MAXIMUM DIGITAL SUM VARIATION

W.D. Huber, "Selection of Modulation Code Parameters for Maximum Linear
Density," IEEE Trans. Mag. V. MAG-16, Sept. 1980, pp 637-39.



CODE m no | RaTE | d | KTy Ty | DR W | cLock | Dpsv
NRZI 1 |1 1 0 o | T o | 1 T | uT | ee
DOUBLE 1 2 172 | o 1 | 122 T | w2 | 2 |ur |7
FREQUENCY
MILLER 1 2 172 | 1 3| 1 | ot 1 72 | 2/T | eo
MFM
MILLER? 1 | 2 172 | 1 5 | T |3 | 1 | 12 |2m | 3122
6CR 4 |5 |08 | o0 2 | 0.8T |2.4T | 0.8 |0.8T | 547 | oo
0,3 9/10 9 | 10 |09 | 0 3 | 09T [3.6T [0.9 |0.9T |1lo/9T | °
1,7 RLL i g 0.667 | 1 7 |1.333T|5.3337| 4/3 [0.667T | 3597 | @
2 | )
2,7 RLL 3 | 6 0.5 | 2 7 | 15T | 4T | 3/2 |05T | 2/T | oo
y | 8
2 | s
3,11 RLL s |10 |ow | 3 |1 |16T | 4sT|85 04T | 57| o
6 |15
A GRS MmN g MAX G TME g Twn (T

CHANNEL-CODE  COMPARISON

BETW

TRANSISTIONS T



DATA PATTERN > LOW-PASS > SPECTRUM
GENERATOR FILTER ANALYZER
3 POLES
fo= 1.5 MH,
3 MHZ
CLock S “SCOPE
Trigger
EXPERIMENTAL SETUP
FILTER
TRANSFER
db FUNCTION
10db/div
UNF ILTERED
3 MBIT/SEC
63 B1T PRBS

CHANNEL-CODE COMPARISON TEST

0 Frequency

SPECTRA




059

SPECTRUM

NRZI

CODE




159

SPECTRUM

MILLER
MFM
DELAY MODULATION

CODE



6-52

EYE

SPECTRUM

MILLERZ CODE



SPECTRUM - EYE

GCR --- 4/5 GROUP CODE RECORDING



SPECTRUM EYE

0,3 9/10THs CODE



6-54

SPECTRUM

CODE

1,7 RLL



SPECTRUM

2,7 RLL CODE



SPECTRUM

3,11 RLL CODE



659

PSEUDo - TERNARY — NRZT  CHANNEL

)
53\7@( |
V/[’fﬁdc 0 L ,I k ' Fme‘-_?
I.Sala‘fe/
Sing le - Palse
R&Sfﬂnscz,
(W

Si uq( I V . — .
VI\’Xfa e t

Pulse - Trarn p&S/UKS&



959

PSEUDo - TEPNAR  NR2] CHANNEL

Transter Favetion:

- e §
3 ’..',,-' ‘o‘.‘~.l J w’r casz ajT
| ¥ K7
L
Spec fryumw
- wT ps" &77
J T sm — C

.
.
.~

' ]
4 _pN ZX‘pN

Fre7u ency —>
N:ﬂu:sf



259

LWIEKLEAVED

NKZ 1

/ /
Signa ,
V;Zfa\ic'f Y-S s N ,
| Jime —=>
_Isz)/a'rfc/
S -‘n\c{/a' Pulse
espPponsy

Sijm/

l/d/fa c

Pq /5e - 77‘47 "

Qesfans&




859

1\
Amf),i‘ruﬂ/tﬁ

I NTEPLEHVED NEZT

. ldT 2.4)7
Fanetiom ! §j 2@ T cos—5 Cos" 5

h“x kﬁ(///'7?ans#ér

.. New- Eeo(uﬂﬂ(““'(
Bavd w s d+h

-d o

o

;%zfuen{j—€7




65-9

EYE PATTERN

PsenpO- TEENARY NRz2 I




09-9

EYE PATTERNS
LIN7ER LEAVED NRZIT

: : T v 7 n
7 ,'/ . / ,,,,,,,,,, et . . 5
/ S e -...._."‘ K // ’
, / et e .
LSS (5% T o,
7\ e T g
fe—. . S :
te. e .~ / .
. ~ < < e .~ ,.a""l/
. ~— - PORE s
N . . ’ S~ - - . ’ :
S —— I .
—
V{na i X / / Te— e . .
T L 4 L ) Dl X e "
N . / p o s sTT L L s
V i \'\ . T S e———— S //.
J (ayqypg. ' - _"___-——- . / i
. T "\_s/ -~
P -~ -~ ,
—— -~ // s~ao
. -
‘ \\ _ -~ / T~
=~ ~ - B
~ -
/ - - 4
7/ - - - / . /
Y ~ — e ™7 .
i - aee me o ——— - et = ——-——‘-\ —“’\1 - 7
e e e e e et =+ e s S 7 on

" 2.X quq ist Bau(w':r(fl(_

f

Vo /ra(fp/




|

NR7ZI 5 WRITE RECORDING READ TO 5
DATA EQUALIZER ———)>‘, CHANNEL EQUALIZER[T 5 TEaToR
W(w) | C(w) R(w)

D

q ' G(w)

. EQUALIZATION STRATEGY



8/9
— > 0.3 [P SHAPE
MODULATOR WRITE
. FQUAL 1ZER

WRITE-EQUALIZED
CURRENT

FREQUENCY \L

>

3480 WRIT

1

=

=

n . . . ' .
n/r\’fd) E?N?/)-Zc?’/-;):g Y y{f)t-"L;,u’lfu l)e?\l&ff

/\'.{f““ too "’:)C'c‘./) f"’/'n‘:f : :

E» Lj- .r); ‘“t": -/(.)(‘
2

D

R/W
HEAD

ECTRONICS

> T D rl
I6m 7, Lo, Dew/%) 1/25 M// A/,cy' ] 735



EBUALIZED

NRZ] @ELAYI @—"\—"@Z"

PULSE |
GEN] |

WRITE EQUALIZER




EQUALIZED

NRZI
NRZI - % @N}g}

—

1
1=D8

L— 3 9=D0 1+ D% »

3480 WRITE EQUALIZER




' EQUALIZED WRITE CUBRENT




MOoOCH—=Z0O>XZ

2.7

2.4

1.8
1.5
1.2
0.9
0.6

0.3

3480 WRITE EQUALIZER

TRANSFER FUNCTION
MAGNITUDE

w [

Glw) =) 7

o 1
NORMALIZED FREQ.

1.



Q-

A

]
1=D%8

Y 1=D0 —>1+D° >

A MORE GENERAL WRITE-EQUALIZER

D = 1/2 CODE-BIT CELL
P=gld+ 1]
R



l|lo|1]/olel1|lololol1]

Tlme —>

[1,k) WRITE-=EQUALIZED CURRENT



SPECTRUM EYE

FREQUENCY MODULATION CODE

R C. Sclaueiaﬂeg "W te E7ne/‘,zaf:¢»¢ in {/C*/L-waear—Peuer /‘/a\fne+.‘c A)é’cpr%uj)
M J. Les. pev.) Val. 249 Nevi 1975, 72 5463- 9,



ATA DETECTORS

—  v(T-0 —> \gﬁ —>
EQUALIZED
STGNAL o (C PELECT
(T-1) SA
Y2 LARGEST
AT TIME T
Y3 (T-1) j’ —

MATCHED FILTER DETECTOR

_ UL

FULL-WAVE
E— COMPARATOR f———>
RECTIFIER BINARY
{—%9 DATA
THRESHOLD
LEVEL

SIMPLE AMPLITUDE DETECTOR

6-62



ATA DETECTORS

GATED PEAK DETECTOR

o e ——t
A “+_]luk_+_ BINARY
EQUALIZED DATA
SIGNAL >
7l LIMITER A FF I
. —
5 CLOCK N
CLOCK
SAMPLING DETECTOR
; PEAK DETECTOR i
|
z ZERO | o
2| DIFFERENTIATOR[ 57 CROSSING | ] il
t ! ‘//\b/’ DETECTOR ; ,
& M ____ |
— :
| - - - - - —=———- 8 BINARY
| ' ! DATA
l L GATE - {
1 T
; GENERATOR \ i
i !
- AMPLITUNE DETECTOR ! '
— e —_—— — —_- —_ — = = .




6-64

CLOCK RECOVERY

NRZI
PARALLEL TRACKS, ODD PARITY
SYNCHED NRZI, ENRZI

SELF-CLOCKING CODES
DOUBLE FREQUENCY

RUN-LENGTH-LIMITED CODES
FILLED CODES
PILOT TONES



<99

ZERO |

PULSE PHASE LOW-PASS

EQUAI_—r—). > s VCO
| CROSSING DETECTOR FILTER

SIGNAL | DETECTOR_| GENER,

S

PULSE | .
GENER[ crlock

/

CLOCK EXTRACTION BY PHASE-LOCKED LOOP



: L n lll
e o ﬂ: i Lj % EQUALIZED
N;lgl” HI J[Vm JH lu u /\‘H o

' DETECTED.

L X J oo0odde OGID VEDOG B ¢ & ANIDGS 00 900 .0... a>e e ... : DIGHAL.

e mmssces sms @S¢ S0m m@mEm  smcwsemm e @ o = ome i DAIAJ

[l

DIGI G_WAV

BELL & HOWELL INSTRUMENTATION RECORDER
FERRITE HEADS, 50 MIL TRACK
DUPONT CROLYN VIDEO TAPE

‘e
JT®

hAJ s1 ne



