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requires itla transition at the cell center for a one bit. Thus, there were
twice as many transitﬁons for an all one pattern as there were for NRZI, but
it was self clocking. Beéause of this density increase, the early machine
that used this code operated in Region 3 of the B.P.I. curve. Fig. 12.4 shows
a typical pattern. In Fig. 12.5, we show the PM or Phase Modulation code. It
also required the same density as FM, but it differed in that they recordeq'
the zero bits as well. The direction of the read baggzsﬁ?gg ﬁés always of

the same polarity for a one bit and the opposite for a zero bit. In the

event two bits of the same value followed together, the code required that a
middle transition be recorded to return the flux phase such that the second
bit could be recorded in its proper direction. It is easily seen that now

we have clock bits added that can have either polarity. These extra
transitions occur at the cell boundary and therefore, require the same clock
decoding as FM codes and hence, the same recording density increase. If was
then determined that there were other self clocking codes that could be
developed that only required the standard one for one density. The first of
these were the Modified FM codes. These were first invented by Mr. W. Pouliart
et al in 1954 and subsequently reinvented in a slightly different form by

Mr. A. M111er,}Mr. W. Woo, and again by Mr. Jacoby.

The basic‘code is shown in Fig. 12.6 wherein é set of rules were
established for writing. The first rule was: All data bit ones are recorded.
The second was that a clock transition will be written at the cell boundary
only if there was a data zero in the preceding and following data cell.

This latter requirement is mixed up in some subsequent literature. A
variation of the MFM code is the M2FM and there are several of them. One has
the following set of rules. Write all data ones. Second--write a clock

transition at the cell boundary only if there are two cells containing zeros

13-L
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The curve has been designated as a Marginalized Variable Frequency Oscillator
(MVFO) curve. This is an unfortunate choice, as the name really describes a
totally different device; both devices will be discussed in this chapter.

For want of a better name, we will designate the curve in question as a

Quantified Phase Error Curve (QPEC). Basically, the curve is generated by

T"AM'\.’ Zr

plotting the total number of bits whose phase shift exceeds a set value,

seC
usually expressed in seconds, for a series oﬁ\values. The reference phase

is obtained from a phase locked loop with a low bandwidth. The logic output

roANIIT. fny

of the phase detector is compared to a chosen time delay. Any b+t*s}phase

shift, either up shift or down shift, that exceeds the chosen time delay, is
counted on a counter for a given number of transferredﬂ:;%;iw-For short settings,
a single revolution or a single record is used. For long settings, hundreds or
thousands of revolutions of the disc are used, depending on the accuracy and
sensitivity of the test. Fig. 13.1 illustrates a typical setup. The capacity

TRANIITi S 0s S

of the counter is a factor in the choice of total transferred &=#%s for any

given setting.
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Alc never wiite Cuws clocKs ddyicent €o cach cther,
on either side, see Fig. 12.7.A There is a benefit to this that is not as

obvious. Back with the FM code it can be seen that for a data stream containing
ones and zeros when encoded, the 'one' bits are always bounded by clock bits
and will, therefore, have some symmetrical interference which results in small
peak position shift. The clock transitions on the other hand have no such
symmetry and will therefore exhibit severe bit shift especialy in Region 3. -
This fact was taken advantage of in early machines by using an unsymmetric;1
window, 40% for the data ones, which are shifted least, and 60% for clocks,
which are shifted most, Fig. 12.8. Now with MZFM, a similar condition occurs.
The data, which is always written, has the highest density, therefore, will be
shifted most. The clock transitions, however, are always spaced a mimimum of
two cell timesaway from its neigh bor, therefore, suffers the teast shift.
Therefore, a window of 60% or thereabouts, Fig. 12.9, is assigned to the data
ones and a 40% window assigned to the clock. This is a real advantage énd
similar codes are presently used in the floppy disc market.

The next codes are the group codes or substitution codes so named
because a group of input is encoded into a differing group for recording.
During Read, the process is reversed. There is a huge variety of these codes.
The first assembly of order into the growing literature on these codes came
with an article by A. Patel in the IBM Journal, July 1975, page 366, and
quoted in Computer Design, August 1976, page 85. Here Mr. Patel introduced
a symbology that can be used to describe all codes, although not uniquely.

The input data may be introduced as either one bit at a time or may, depending
on the code, be in groups. The number of input bits in the group is m, and
may range from one to m bits. The second part is the number of cells in

which the number of input bits may be assigned values. This number is

designated as n, and may range from one to n. These two numbers are expressed

1%
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PULSE INTERFERENCE OR BIT SHIFT. This is the repetitive doublet pattern where
two transitions follow at the minimum spacing with at least one zero between
the doublets. Usually a single zero or non-transition suffices; depending on
the pulse interaction. When counting the number of bits transferred, one must
only count the transitions and relate those through the code used. For
example, the MFM code is designated as %(1,3). The maximum doublet pattern
would give transitions for every 3 bits transferred: 6%36%30. The actual
cell content on the disc would be cOclclc Oc, or 2 transitions for 6 cells.
Since there are 2 cells per bit transferred, the 6 is divided by 2 to give the
3 for 2/3 track capacity; or for 105 bits track capacity, we will have

6.66 x 104 transitions recorded. For a different code, such as the 2/3 (1,7)
code, we take two data bits and'occupy 3 cells. There must be one vacant

cell between transitions, therefore, to get the minimum doublet patterns we
must have four data bits transferred per two transitions: 101000 101000

for % track capacity. For example, if the track held 105 bits of data, there
would only be 5 x 104 transitions recorded. If we look at Fig. 13.3 again we
see that the line for the single frequency is a single slope, whereas in the
doub]et case it is forced over but the slope is the same. What we see here
is. the predicted bit shift of the doublet. The corner of the curve is located
at the superposition caused bit shift value. The slope is a direct function of
the channel signal to noise ratio, meaning the head, electronics, and disc
noise plus signal to the head, electronics, and disc noise. Notice that such a
plot is totally representative of the entire recording channel and, hence,
becomes a measure of the error performance of that head disc combination. The
intersection of the curve at the time value equal to the one half of the cell
10

window width, W,, gives the error performance. In the figure, that is 10~

for the maximum doublet, or worse case pattern. In order to save time,

14.5
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zero with no more than three cells in a row left zero. The version of MZFM
described earlier can be written

D (d,k) = 5 (1,7) EQ 12.7

The %-and d are the same as in EQ 12.6, but the k=7 comes from the sequence
1c0c0¢0c]

There are several advantages for using codes. Some, as was Mr. A. Paté]'s,
designed to minimize the dc content of the code in order to write thrv a
transformer of a rotating head system. Others are designed to maximize the
amount of data stored for a giventransition density or to ensure readability
such as self clocking codes.

Another distinct difference in codes may be the rule by which they were
written although observing the recorded waveform it would be impossible to
tell them apart. For example, the FM code can be designated as the following.

Write all input ones at the cell boundary and write all clocks mid cell.
The second may be written. Write all input ones at the cell center and |
write all clocks at the cell boundary. Unless the observer knew the phase of
the writing circuits, he could not tell them apart, yet they are distinct and
different.

For MFM there are eight separate encoding rules that produce the same
recorded result. It is interesting to note that three of them have been
patented and a fourth cannot as it is now in the public domain. They are:

1) Write all one bits at the cell center, write a clock bit at the leading
boundary of the cell if preceded and! followed by a zero. 2) Write all one
bits at the cell center, suppress all clock bits at the leading boundary

of a cell except those preceded and followed by a zero. 3) Write all one
bits at the leading boundary of a cell, write a clock bit at the cell center

if preceded and followed by a zero. 4) Write all one bits at the Teading
: [35
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Fig. 13.4 Acceptable Amplitude and Resolution Combinations

It is desirable to have the recording channel cost effective. The

design then becomes a compromise between bit shift or resolution controlling

parameters and total S/N ratios.

and disc parameters and S/N is controlled by head-electronics and disc parame-

ters.

Obviously bit shift is controlled by head

Therefore a successful and cost effective design hinges on balancing

the cost increases necessary to reduce bit shift and those necessary to

reduce noise.

that equal window spacing be given to bit shift and noise.

Since heads and discs are in both camps, then it is probable

If the design

is based on one third bit shift, one third noise, and one third allowed for

manufacturing variables and degradation during machine life, then a satis-

factory arrangement has been reached.

See Fig. 13.5
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We should introduce a third measure for a code. This is the Density Ratio

Dr where

pr = Data Density - I min _ .'r"l (d +1) EQ 12.9

Maxtransition Density T
For the codes we have introduced, we can tabulate the various parameters for

comparison. (see table 12.2)

TABLE Code m n d k Dr LI
12.2 n
NRZI 1 1 0 © 1 1
FM 1 2 0 1 0.5 .5
PM 1 2 0 1 0.5 .5
MFM 1 2 1 3 1 .5
GCR 4 5 0 2 0.8 .8
3PM 3 6 2 1 1.5 .5
2/3(1,7) 2 3 1 7 1.333 .6666
1/2(2,7) 2 4 2 7 1.5 5

Now one of the purposes of using codes is to increase the information content
for the same number of transifions. As can be seen in Table 12.2, Dr, the
density ratio is one or less for the first five codes listed. Mr. G. Jacoby
published a code in 1977 that allows an increase of 50% or a Ur of 1.5. He
called it 3PM. It 1imited the minimum number of zeros to two in order to
reduce the transition density. With this code, he substituted a 6 cell "word"
for a three bit data input. Keeping the restriction oﬁ:mannmn'number of
zero, created a number of inconsistencies that occur as data are preceded or
followed by certain patterns that would violate the rule of a two zero mamtewvm,

These he solved with alternate patterns. The listing is given in Table 12.3

137



PUBLICATION INTENDED. ALL RIGHTS RESERVED.

~

channel. This is done by altering a circuit or circuits that are not normally
part of the machine, but are a later part of the recording channel or it may
be accomplished by altering a part of the machine that can be independently
tested. Candidates for these are primarily the clocking circuit and, secqnd-
arily, the detector. The clocking circuit is best altered by only changing
the width of the window used for gating transitions. For example, for FM. PM,
or MFM codes the clocking window is a squarewave. One half for data and the
other half for redundant clocks. By using a delay line and an 'and' gate

(Fig. 13.8), ‘ ‘_/:‘;‘::”‘m:‘,

PATA
winpow | ' | I l ] ’

——— ]
T MARGIMALI2E.
DATA 2 ’ 2 DELAY:

Wwingow

1 r ATA WANPD W"fn{:r‘ l ‘ I——-——r—_-_-'
;Alc:nn( 12€p : ' I 7 \
7 wvpou . 3
mvlv oaTA
- Ce~nTERING
Figure 13.8a Fig. 13.8b
PATA

and then realigning the window to center it to an on time transition, thgﬁbin-
dow can be marginalized. Hence, when operating, transitions with less than a
given amount of + shift are passed and those exceeding that value are lost and
cause an error. The error checking is done on the record itself. This is the
source of the name Marginalized VFO as MVFO. The reader can now see the dif-
ference between the two circuits and functions hence gupr rena:mning the QPEC
curve, The two functions are different. The QPEC circuit
T RANSITiCess

counts all fumed=msms- that have phase shifts greater than many settings to gen-

erate a curve while the MVFO circuit blocks all transitions with phase shifts )

14.9
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which allows an increase of one-third in density, Dr = 1.3333. Again it is a

substitution code with changes depending on adjacent word interference that

would alter the minimum ren length.

The changes are implemented by accepting

four input bits at a time instead of the usual two bits and encoding them

uniquely
TABLE 12.4
DATA CODE
NOW FUTURE NOW FUTURE
00 00 001 XXX
00 01 001 XXX
00 10 001 000
00 11 010 000
01 06 010 XXX
01 01 010 XXX
01 10 010 XXX
01 1 010 XXX
10 00 100 XXX
10 01 100 XXX
10 10 100 XXX
10 11 100 XXX
11 00 101 XXX
11 01 101 XXX
11 10 000 100
1 11 101 000
2/3 (1,7) code (X = don't care)

double aroup

double gfoUp

double group

double group

(3-9
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also m ‘_‘-log2 {cw(n,d) EQ 12.13

for conventional Block codes. When merging is allowed, as with the 3PM codes, the

following is given for cases where d > 2

1 -d=-di)!
cw' (nid) = § Sl EQ 12.14
j=

0

1 n'd
where R < T

PRECOMPENSATION

We first introduced this subject block in Chapter 5. Basicly it consists
of deliberatly writing a transition such that the resultant movement of the
peak due to superposition or pulse interference will move fhe peak back to its
‘on time'position. Thus, if pulse interference makes a pulse peak late that
transition is deliberatly written early such that the resultant peak shift
pfa ces the peak at its true unshifted position. It has been shown that fhe
worst peak shift occurs for two adjacent transitions with no transitions on
either side. If we wrote two transitions T seconds apart and we measured the
time between the two resultant peaks as 1-2 T, then the peak shift of each
transition is 0.1T. In order to correctly write the two transitions, the first
has to be written late by greater than 0-1T and the second has to be written
early by greater than 0-1T. This is because when the early and late transitions
are written at .8333T, the pulses are closer together and their pulse interference
produces a peak timing of greater than T. The process is an itterative one and
is best calculated using about 10% greater shift than predicted for the plus
and minus Precompensation, then recalculate the predi;ted peak seperation. We
left this subject to this chapter because we now have an understanding of the
clocking effects of the window allowed and the need to minimize the movement of
a pulse so as to keen it in its assigned window. Further, the implementation

i1
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is best incorporated in the encoder circuitry . See Fig. 12.10 and 12.11.
Sometimes a particular'code cannot be optimized for peak shift with only a
single value of plus and minus Precompensation. Certain patterns may produce
a lessor amount of peak shift that would be overcompensated if the single
value were used. It isrhﬁ%erefore necessary to install a multi level Pre-
compensation depending on the signal degradation and the degree of window
margin allowed. This is calculated the same Way as before using the new peak

se paration values.

CIRCUITS
We might profitably consider a few encoding circuits recognizing that the

decode is just the opposite.

NRZI

The NRZI encoders are trivial being only single 'and' gate as shown in

Fig. 12.12. Driving the reguired FF to produce the current reversals for each

bit, hence the need to 'and' the write clock to produce RZ code first. The
4
decode is shown in Fig. 11.45B of the previous chapter.

FREQUENCY MODULATION

To encode NRZ data into FM for writing requires the use of a phase switch
as well as the write clock to produce the write current reversals. The rule is,
write all clocks,Cfand write all 1%. The decoder is the same as Fig. 11.44.

To add Precompensation requires a memory shift register in order to look ahead
and behind the data being written. We can write a truth table to indicate the
shift direction, but as the previous transition and the following transition

will always be a clock bit; the data will be bounded and will not shift. The

clocks, however, will shift, therefore, our table is simple.

15/



PUBLICATION INTENDED. ALL RIGHTS RESERVED.

RMS NOISE = ;3 Probability of Occurance
0 1
1 1/0.32
1/21.74
1/370.4
1/15625 _ e,
1/1724137.9 udh._ﬂﬂﬂ~"wwl»-w——-w~—w;‘. o
1/500 000 000 b e
.36 1/10 000 000 000 |
1/400 000 000 000
1/80 000 000 000 000

0 N OO0 o0 v AWM

Table 13.1

10

For 10" "~ probability of occurance, the noise pulse amplitude is \

6.36 X RMS Noise, EQ 13.2

The method of measuring the signal to noise ratio is important. The

are
measurements,taken after the differentiator in order to relate it directly

/\
to the differentiated pulse for peak shift measurement purposes.
ds _ dVsig RMS
N 0t , EQ 13.3
d Vn RMS '
dt

where d V sig RMS is the RMS value of a differentiated signal resulting from
dt

evenly spaced transitions at the minimum spacing allowed by the code. In

disc drives this also means at the inside track. d Vn RMS is the RMS value
dt

14.12
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TABLE 12.6
NOW FUTURE
A B
Early 1 o 1 Late Clock on Time
< >
1 C 0 Clock Early
0 C 1 Clock Late
0 " 0 Clock on Time
Clock on time = A.B + A-B
Clock Early = A-B EQ 12.15

-8

This is implemented in Fig. 12.14. Note that the and gates must have the same

Clock Late

propogation delay or unwanted shift will alter the data timing. The data
bit A is written first on time followed by the clock bit, then the register shifts

and repeats.

PHASE MODULATION

.

Implementing straight Phase Modulation requires truth tables in order to
anticipate the ppase reversals required for the clock bit which can have either
polarity. This can be implemented with a J.K.-F.F. Refer to Fig. 12.15 and

table 12.7. The sequence is shift-data-clock-shift.

‘9(
- — - @z ‘
J =QQ, TF + QyQ, 1F +Q,Q, IF K EQ 12.16
~ 1P
Q,
K=QQ 1F+ Q0 F+ Q0 TF ( EQ 12.17
[ \
T
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ALL RIGHTS RESERVED.

TABLE 12.8
PAST NOW CLOCK FUTURE
A B v C 1F
0 0 + 0 0 + Cot, J
0 0 0 1 Zot K
0 0 o .1 0 no change
0 0 1 1 Z early K
0 1 o 0 0 no change
0 1 0 1 Dot J
0 1 - 1 0 -CotK
0 1 1 1 D late J
1 0 + 0 0 +Cot J
1 0 Q 1 Z late K
1 0 o 1 0 no change
1 0 1 1 Z ot K
1 1 o 0 0 no change
1 1 0 1 D early J
1 1 - 1 0 -C ot K
1 1 1 1 DotJd
J=ABCIF+ABCIF+ABCIF+
- - - - EQ 12.18
+ABCIF+ABCIF+ABCIF
K=ABCIF+ABCIF+ABCIF+
- - - —_ EQ 12.19
+ABCIF+ABCIF+ABCIF

%75

PUBLICATION INTENDED.
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ALL RIGHTS RESERVED. PUBLICATION INTENDED.

1IF+ABCIF+

0.T. =ABCIF+ABC
+ABCIF+ABCIF+ABCIF+ EQ 12.20
+ABCIF+ABCIF
E=ABCIF+ABCIF EQ 12.21
L=ABCIF+ABCIF EQ 12.22
A A A p A ]
B g 111 g1 11 8 8
J=l11111{1] k= Jor=| |1 1], e=|_|1 L= 1 .
HEERE 1 1 1 1
1 1 1 1
[4 C [ [ C

The decode of these Veich diagrams is as follows

=B-1F+BCIF _ EQ 12.23
K =B-1F + BC 1F EQ 12.24
On Time =B C1F+ACIF+ACIF+BCIF EC 12.25
Early = AB C 1F + A B C IF EQ 12.26
late=ABCIF+ABCIF EQ 12.27

The implementation is shown in Fig. 12.19. Great care should be used to

control the logic delays in the clock paths to prevent timing problems.

1%-16




DATE AREA DATA
MACHINE  ANNOUNCED  IBM FCS TPI BPI DENSITY IR OR RPM LATENCY  RATE BITS
350 1956 1957 20 100 2000 1200 25 MS 77.6 KB/S
1405 1959 40 200 8000 1200 155 KB/S
1301 1961 1961 50 500 25000 1800 33 MS 625 KB/S
1311 1962 50 1000 50000 1500 20 MS 700 KB/S
1302 1963 100 1100 110000 1800 33 MS 1.25 MB/S
230-1/2 |
2311 ' 4/64 1964 100 2200/1100 110000 4.,468" 6.506 2400 12.5 MS 1.25 MB/S
2305
2314 4/65 1966 100 1400/2200 220000 4.46 6.50 2400 12.5 MS . 2.5 ‘MB/S
2319 % 1969 1400/2200 4,46 6.50 2400 12.5 MS 2.5 MB/S
3330 ’ 6/70 1971 192 4040 775680 4.24 6.38 3600 8.4 MS 6.45 MB/S
3330-11 7/17/73 . 3/74 370 4040 1494800 4.24 6.44 3600 8.4 MS .6.45 MB/S
3340 3/74 ! 11/73 (]25) 300 5630 1690500 4.06 6.60 2964 10.1 MS 7.08 MB/S
Sys 32 7 300 5635 1690500 2964 10.1 MS 7.08 MB/S
3344 4/76 4.69 5.863
3350 4/76 480 6250 3000000 3600 8.4 MS 9.58 MB/S
3370 1979 1/80 635 11900 7556500 2964 10.1 MS 14.827 MB/S
fTPT (7930) '
3375 1980 10/81 2964 10.1 MS 14.827 MB/S
3380 1980 3600 8.4 MS 24.0 MB/S
' J Pg. L
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M.F.M.

With this code we need to know the past and future data, therefore, we

need a three level truth table.

TABLE 12.9
PAST —CLOCK  FUTURE
A B c
NOWw
o ., 0 0 clock = A B C
o , 0 1 clock = A B C
0 1 0 data = A B C
0 ! 1 data = ABC
1 0 0 -
1 0 1 -
1 1 - 0 data = ABC
1 1 1 data = ABC
A A
8 8
CLOCK = DATA = |1]1{1]1
111
C C

The decode is clocks = A §, data = B. Therefore, we can delete the C FF

or "future" and deal only with the past and present. The sequence is shift,
clock, data, shift. The implementation is given in Fig. 12.20. Note that
the set up and timing baths prevent unequal logic delays from hurting bit
timing. To add precompensation, we require a four level truth table (Table

12.10). We will shift-data-clock-shift.

(%17



AVG.

ACCESS ' PRE  FLYING  ERASE CLOCKING
MACHINE _ MECH CODE___COMP__ HEIGHT _ ELEMENT METHOD _ CYLINDERS COATING _ GAP LENGTH MRX FCS  TKsp ™
350 | Elec Servoi NRZ1 j 0 1 Yes Clock Trac ---- 1.2 1000
1405 . Mz1| o | 500 Yes .8
1361 Dual HydraJ NRZ1 0 250 Yes Clock Track| 500
1311 | Hydraulic NRZ1 0 125 Yes 200
1302 § Dual Hydral NRZ1 0 125 Yes Clock Track 200
230-1/2] Fixed NRZI | ©
2311 | Hydraulic M| oo 125 Yes Hard Sep 200 200 200(M) 9/69
2305 NRZ1 | 0 VRO
2314 | Hydraulic FM 0 80 Yes VFO 300 100 100(F) 12/69 10 M1l 7.0 Mill \
2319 | Hydraulic M 0 Yes VFO 200 ’ 10 i1l 7.0 Mill
3330 | Ser VC Lin| MFM 7 50 No VFO 404 50 50(F) 5.2 4.3
3330-11 Ser VC Lin{ MFM 7 35 No VFO 808 50 50(F) 2.7 2.0
3340 | Cou VC Lin| MFM 0 22 No VFO 348/696 35 50(F) 3.34 2.6
Sys 32| VC Rot Lin| MFM 0 22 No VFO 50(F) 3.34 | 2.6
3344 VFO ' 50(F) 2.08  1.45
3350 | Voice Coil| MFM 5 20 No VFO 555 35 50(F) 4/77 2.08 1.45
Lin Motor |
3370 | L.v.C. 52,701 o 15 No VFO 712 + 712 25(TF) 1.57 1.33
3375 | L.v.C. 52,7) | 0 No VFO (TF)
3380 | L.v.C. 52,7) | o No VFO (TF)
eunaT, Pg. 3
- X*«‘..;_, s




TABLE 12.10

clock OT=ABCD+ABC

clock early = AB C D

clock late =

ALL RIGHTS RESERVED. PUBLICATION INTENDED.
PAST  NOW ~CLOCK  FUTURE
A B C D
FYTURE
o ., O 0 . 0 0 | clock OT
0 , 0 0 1 1 | clock early
0 . O 1 0 2 -
0 0 1 1 3 - :
0 1 0 0 4 | data OT i
0 10 1 5 | data OT
0 1 1 0 6 data late
0 1 1 1 7 data late
1 0 0 . 0 8 clock late
1 0 0 1 9 clock OT
1 0 1 0o | 10 -
1 0 1 1 11 -
1 1 b 0 12 data early
1 1 0 1 13 data early
1 1 1 0 14 | data OT
1 1 1 1 15 | data OT
D=0 +9 EQ 12.28
=1 EQ 12.29 -
BCOD-= EQ 12.30
data OT =AB CD+ABCD+ABCD+ABCD= 4+5+14+15 EQ 12.31
data early =ABCD+ABCD=12+13 EQ 12.32
data late =ABCD+ABCD=6+7

EQ 12.33

13 g
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2° = BC + AB + ABC + ACD EQ 12.37

2' = AB + CD + AC EQ 12.38

which is much easier. This can be implemented with a four line multiplexer.

13-20
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TABLE 12.13
0 -
1 Early
2 Late
3 Ear]y2
4 -
5 -
6 Late2
7 On Time

We can write the boolian equation for each condition

7 = ABCDE + ABCDE + ABCDE + ABTDE + ABCDE + ABCDE + ABCDE + -
ABCDE + ABCDE + ABCDE + ABCDE + ABCDE = 111 EQ 12.38
6 = ABCDE + ABCDE = 110 EQ 12.39
3 = ABCDE + ABCDE + ABCDE = on EQ 12.40
2 = ABCDE + ABCDE + ABCDE + ABCDE = 010 EQ 12.41
1 = ABCDE + ABCDE + ABCDE = 001 EQ 12.42

Now we can write the equations for the bits as a function of powers of 2.

20
2l
22

+ +
W —
+
nN

EQ 12.43

naunn
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+ + +
ooy W

IE-VZz



/u INCHES

CLENGTH

GAr

M ME[AL

Ny YN - — -

»»

3
1)
ot
)
-

y -

o b - ) - . R (DU S U O -
180 . S R e Bt e Rl & — - S

“ 170 - - - - .. EREPN PRS- -.l.o....s © e - — - - - —— e et e S e e et e -
.?Q - . I i et | - —
150 N R N P - -
yo r - ) s e e ——

130 . , -—

-° o . B e e [ R - . -8 [P [}

1o . S - — =

. FERRIT
02 : , uu:s.i: ﬂ

1319

20t — PRI U . e e e

bo - N - N P RN : Z—

| “eeanid ke
u.° B et L B R . . -3~ . - iIM.N«VIvQAv!!..,. e W.Vm

337011 33¢ O

E o
1
&

T Parep P

(o NP JSURURITN [N U NOUR R RN R U A —— B B

U&M«

-
-
L 4
<

-
L
-

1963—
196y .
19 64—
1965 4
o ld
1967
1968 .
1969 <
{930
1921
(972
1973
197¢
i97%
1976
927
1977
1977
4980
1951
982 ¢
1943
1?49
(985

1955
1956
19527

‘1758

1959
Qo

= —




NR2 PATA

) Q Voa

e
]
ol
|

< C JC; ~i¢ A

D)
I
[>Y)
T
“l
[]

f

2P WRIIE ClaeK

o Mo

e PECAY TERMnA T oM

oM BwmmE N

To WwAre
4 c PRIvERS

D

U
~

01

n

¥ ;Jl ;Jm ]

©

Ny

R Y

wy

S

| )
S
€ ‘ 8 —
e'_:D’— i —
7 — # —
s = -
P — [ p—
EDs
€ emmmm— ,
P — )
e= ] Sy
==
9
: Fl6 12-22

n
blh

ikl
W

MEM ENCODER WITH & LEVEC
PRE (COMPENSATION E € or, L, L



1955
1956
1957
19 {8
1469
HQiée
T
(g6

196>
LI
lilf
Ag4é
1967
1968
1969
tgdo
Xzl
92
4973
197¢
1975

1976

977

90

1977
g &o
$381

1982
1943

1944

1985

'4-7“5 {o6

FLYING HEIGHT 1w pu imenes

-~
e ;MmO
- - » w & o
N ™ N U L eI =™ wf ema3 5 s o 9 o3
- ~- T = Y ) S ™
+ e - TTWO M 393 999 ¢ 8 3 38 8 § 3 e
: ; v v v o T
-
] /"
- , J
— ‘f ,) -
™ | vt |
J»—-— . / ’
3[4
P 3 — . R S W
g e 3 7
t - /s'
—
ir / -l
/-
+$ — 1 —t -t - P I B -} —}—
s Voo
4 hod NG I
<]/ -
(. L
N\
<& “\&\‘ - b -
4 — - /m RS VR I SN SO O s
&
4 - | QLTLQ
w
w_/ V
s{- | t-— . —
L J ] :
& wd ot o b o . ::. - /—, — —— - - —f— ‘\/
: Cr
4 S . = IS N R e
. )
— 4d ‘v\\:
[ 3
o> - i
“ i1=
1o
] SR P ¥
I R S T . [ R N U N <L - — :
1 el fa
. D) ‘g
| <+ -
| N
&» - e — - --—.- - -t -
I ‘
&» == - -
] ‘
- - — , - b e § - § — - c—
b -t -ttt —1-- b~ - '
i
L “
i
3 \
i



A

ALL RIGHTS RESERVED. PUBLICATION INTENDEN.

TABLE 12.14
INPUT DATA ENCODED TRANSITIONS WRITTEN
time s time » time -
NOW NEXT NOW NEXT SUBSTITUTIONS
00 00 001 001 001
00 01 001 010 001
00 10 001 100 001000 001000
00 mn 001 101 010000 010000
01 00 010 001 | 010
01 01 010 010 k 010
01 10 010 100 | 010
01 1 010 101 010
10 00 100 001 100
10 01 100 010 100
10 10 100 100 100
10 1 100 101 || 100
1 00 101 001 101
1 01 101 010 | 101
1 10 101 100 000100 000100
1 1 101 101 101000 101000

Now if we examin the substituted code, we see that tﬂe widest spacing between

transitions is for the data sequence 0011,1110 which is written as 010000000100
which gives 7 zeros in a row maximum, hence, 7 in the code description 2/3 (1,7).
When the code is implemented, the upcomming data is examined to see if a

substitution is required. If so, thenall four input bits are taken and written

ty-28
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If we look at the Binary written code transition cells, 5 and 6 are always
zero, therefore, we only need to decode transition cells 4, 3, 2, and 1 for

write purposes.

Cell 1 = ABCD + ABCD + ABCD + ABCD + ABCD + ABCD + ABCD EQ 12.48
Cell 2 = RBcD + ABCD + ABEb + ABCD + ABCD EQ 12.49‘
Cell 3 = ABCD + ABCD + ABCD + ABCD + ABCD + ABCD - EQ 12.50
Cell 4 = ABCD + (ABCD + ABCD + ABCD + ABCD + ABCD + ABCD + ABCD +ABCH +

+ ABCD + ABCD + ABCD + ABED) EQ 12.51

of which the bracketed terms are redundant since that part is written separately

as transition 1 of the next pair of input bits.

A A
Bl 1 B 111
1= 111 D 2 = 11 |D
111 - 1
111 :
c C
A A
éf 1 Bl X |1 X
3= 111 ? 4 = X X D
1 X X
111 X X
C C

from which we can reduce the conditions to the following
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pecrlioy A =
~z “ T Jr
‘GQ“’W = B Wi 2
‘ . z ANE A\ A
[— &%)+ 2 /1- <
2z X X < ot o
Wz wn
There are three terms that cause peaking in the frequency domain
. 13:’ A2 oL
l + — . (?.. / Qnsl | = —
A2 ) p, X
W
2 /
9 U:w) W’ﬁ :“/ﬂu = sz
a2 2
Note that the (1 - %—) term would cause peaking at a much higher frequency than

mMinvinAal

the other two terms. Hence, for nemimal peaking, we need to balance the affects
of the other two terms. For c]osed'loop bandwidth where

|6e9] = = @ we«

36

and was solved numerically and shown in Fig. 11.35. Closed loop peaking

wder, A / 5@@)!1. =0 w W= Y

A

lél")] S Paxeen, @ W E g

The solution is shown in Fig. 11.36, 37, and 38. For various values of x we can

tabulate the peaking resulting from ignoring the 53 term and applying the above

derived corrections. These are tabulated in Table 11.1.

Table T1.1

X Ignoring 53 Corrected for S35 Improvement
4 4.5 db 4.44 db .06 db
10 2.12 db 1.74 db .39 db
16 1.56 db 1.08 db .78 db
20 1.37 db .86 db .51 db
25 1.21 db .70 db .51 db

12.36
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As can be seen, the further apart the pole and zero (X - ) the more the amount
of error decreases which is what we did when we made the W pole 100 times the
- W zero. The improvement is noted in the right hand column.

To obtain minimum peaking in the frequency domain, either K should be
increased or Wz should be lowered from the values that would occur if we

ignored the cubic. These are listed in Table 11.2

Table 11.2
X Wz normal W min_peaking i
4 .707 .648
10 . 562 .425
16 .500 .340
20 .473 .310
25 .447 .280

| The results of these tables are plotted in Fig. 11.39. They show the correction ‘f>

as well as the centroid approach values as a function of X and X-U/5

12.37
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With the introduction of error correcting codes, the definition changed
for the two types of errors. Soft errors are defined as correctable errors, or
those that are within the error correcting codes capability to correct. Hard
errors are designated as those that cannot be corrected, or that fall outside
the codes correction capability. A third category then contains the medig'
defects which are still not counted in the error performance but may be
specified for the total machine. For example, a machine may have a speci-
fication that places a maximum on the number of defects allowed either by
total machine, by surface, or by track, or some combination. Read errors are
caused by the failure of the recorded transition, if it exists, to generate
the correct output bit in the correct sequential time slot of a data stream.
There are several mechanisms for this, the dominant ones being noise and
interpulse interference or bit shift. Both of these were discussed in}Chapter 4,
particularly as shown in Figs. 4.11 a, b, and c. This, of course, is true
only if the correct channel design has been made, including heads, amplifiers,

filters, detector type, and the clocking circuit.

Following work done by Dr. E. Katz and later including Dr. T. Campbell,
at Memorex, a method was disclosed that greatly reduced the time required to
characterize a channel's error performance. This method permitted the separa-
tion of the two dominant error mechanisms for the first time, which permitted

optimization of the various channel characteristics for best performance.

Obviously, brute force design and testing costs money, particularly if
over design is used in one area in order to compensate for poor design in
another. This is now unnecessary. Using a circuit designed by Mr. M. Monett,

can be .
a curve ¥ generated that totally describes the error performance of a machine.
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L/ L
—
-z (,{-_,:Xmg Y "X" )( 7’“") (EQ 11.114)

v 3. /75'ch

= <79 Ua 5 |
R e e G I

= 79- }_,«—a. .
For a reasonable current, we could use an attenuator of say 10:1 so the current

can be raised to 793 ua for the higher gain. This we should do anyway because when

we Tower the zero and hence the gain, we will require only 7.93 ua (from Wz changes

7K by 470%). We do need to concern ourseives with the bandwidth of the cx'x:’\?ent

switches at these current levels. The last item is the voltage swing on‘the capacitor \

for the frequency lock range requirements. C

10 (8Ver) = 10 ((0-95- 0 v) = S0v w2y (E1LTI6)

This we cannot do with the ECL interf;ce from the phase detectors, Fig. 11.40A,
therefore, further voltage translation is required before applying the error pulses.
to the current switches. We require the modification on both phase locked loops

as Fig. 11.40A only a11ov§s: 0.5 v error range and the first circuit required =z

1.25 v, EQ 11.68, and the secovnd required+ 2.5 v, EQ 11.116. Let us address the
problem of the low current. If we look at the terms for gain, we see ’C'IJ‘!'-'C'; . If
we raise C2 to 10”7 farads insteadof 107%, we can raise the current. We would

also need to change the value of R. to relocate the zero back to 6.25 x 10%

radians, and the pole by changing C1 accordingly to .0066 uF.
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HE

Notice that the early part of a record is blocked usingﬁ?Dééa Valid." This is
to ignore the excessive phase errors during lock up time at the beginning of
the record format. Also the type of phase detector used determines the block
designated as an "or" following the phase detectors. For simg]e phase
detectors, or non-harmoniéM;Eagg'zgzéézg:é:\;;ngﬁ3;nmgzp;%;?:1i.14A, the
circuit shown is adequate. Care must be taken in allowing for "D" setup tjme
in the output b]ock;A For harmonic phase detectors, where the up and down
errors are turned on simultaneously, an "exclusive or" must replace the "or."

Then the difference between the two is fed to the delay line and "D" flip flop.

The operation of the two versions is illustrated in Fig. 13.2a and 13.2b.

o P e T L N
N . I ! N __J ﬂ‘_________w[ ].”' ‘
2w M 1 P A ity
M w DFLAY [ 4 b= DELAY !
ook m S R S ciaik M L
CouriTES 1 CovnmTer ___ﬂ
Fig.13.2a Fig. 13.2b
Typical Non-Harmonic @ Error Typical Harmonic @ Error
Discriminator Waveforms Discriminator Waveforms
A typical plot can be made as a function of the total number of pulses out
divided by the total number of transitions recorded vs. the delay line setting.
AR N v i _ . |
16" 4\ "\ Obviously at the O . setting, almost
-l \\‘
‘aﬂ“ oy DouseeET all transitions recorded exceed the
19 4 SINGLE
ik s NOIE CavieD setting. There are several features
. 114 :;;37
P <+ Ge ) of this curve that depend on the bit
-6 PR :'7‘
:2," “ ., pattern, the resolution, and the system
15°+ %:é%ﬂu noise. It is usual to use the bit pattern
'GL‘T that provides the greatest amount of
19" Ly ocedi
ettt t . ' '
Fig. 13.3 ¥ 0 e

Typical QPEC for Repetitive "oublets *%’ S rv‘35 14.4
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bits need not be transferred. The slope of the'chve can just be
extended from some lesser value to the 10'10 level as the curve in this

region is a straight line.

Now we have a tool for measuring the performance of a channel we need
only find the worst head and the worst media aqceptable under the specifi-"
cations, plot their QPEC curve to obtain the minimum machine performance
for on track conditions. Similarly, we could do the same for the off track
conditions at the normal 5 psycometric corners of temperature and humidity -
and power supply variations to predict the worst machine performance.

Obviously, if the results are unsatisfactory, then the specifications need to be
tightened for some parameter or component until the performance specification is
met. This is much simpler than in the past. .

While we are discussing specifications, we need to discuss the head and disc/
media . Of the many head parameters that can be measured several stand out as
being meaningful. These were all discussed in Chapter 4. Of the electrical
parameters, amplitudes of the frequency extremes, resolution, and write over
are the most significant. It is intersting to note that as amplitude increases,
poor resolution can be accepted for the same error performance. This is
predicted from the relationships of the QPEC curve. The better amplitude
results in a better S/N ratio which means a steeper slope, while a poorer
resolution results in a further shift of the corner to the right. With the

intercept point fixed at 10710

and W/2, then various combinations of amplitude
and resolution can be accepted. This is taken advantage of in the head speci-
fication to allow an increase in head electrical test yield, knowing that these

combinations will function well. An example of a head specification curve

relating amplitude and resolution is shown in Fig. 13.4.
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~
I l /¢
= = O,
The gain K I becomés
395 xco'® —y .
= 7'73 Keo (EQ 11.118)
(//(77'/( l“)uo"w /(27&«9)
Now if K were-%ﬁ as before, the currents are 7.93ma for the high gain, fast -
lock up case, and 79.3 ua for'the low gain, 1oo® which is easier to handle. We
have now gone thru a series of compromizes in order to come up with a viable
design for a phase locked loob. With each compromize, we pointed out the difficulty
and a possible solution. The final design is shown in Fig. 11.40 £and were numbered
this way in order to emphasize the development of the design. 'E§
A\

We have now discussed three type 2 phase locked loops. The first using the
filter of Fig. 11.31A, EQ 11.79 as shown in Fig. 11.32. The second phase locked
loop using the filter of Fig. 11.31D, EQ 11.42 as detailed in Fig. 11.40A and C.

We then discussed the third order effects and their adjustments if we built a phase
locked loop using the filter of Fig. 11.31B, EQ 11.39 as developed in Fig. 11.408B,
C, and D. We might profitably discussa type 1 loop although its use is limited

due to its phase error due to the difference between the free running frequency and
the input frequency. This error is easily visualized when we think that with a type
1 there is no intergration of the error. The error that is stored on the filter
capacitors leaks away, therefore, it must be constantly replenished which requires

a constant phase error to maintain the oscillator on frequency.
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There are several variations in the QPEC curve that should be discussed. These
relate to defects and/or anomalies of the disc/media surface. In Fig. 13.6

a QPEC curve is shown that illustrates the effect of a small agglomerate

]
(4]
—
I

-5 i
0 =4 N—————
)
1
Fig. 13.6 * Fig. 13.7 z
QPEC Curve Showing a QPEC Curve Showing a
Media Anomaly Media Defect

in the media. This causes a bit or a few bits to have a different local bit
shift than the remainder of the track, but the S/N ratio remains the same,
hence the curve continues down at the same slope. “The feature of Fig. 13.7
is caused by a scratch in the media in proximity to a recorded transition.
The scratch causes a dd/dt signal, called an extra bit or drop in. The pulse
adds to an existingkransition and phase shifts the transition beyond the W/2
limit, thus causing the curve to extend to the right at one count pe; revolu-

tion or more. The variation shown in Fig. 13.6 could also be caused by this

mechanism if the shift is small.

During manufacturing testing of a large number of machines, the QPEC
curve is not cost or time effective. There are other techniques that permit
definitive testing. It has been customary to do several things, parameter

or circuit wise, to the channel to remove some of the margin built into the

14.8
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AVosc

The gain of the phase detector is IAER volts/rad. The oscillator output is

m
a sawtooth wave from -2.0 v to +2.0 v as is seen by the reference clamp voltage at

the emmitter of Q2 and the +2 v reference on thewmparator. The gain is

2T 2T Tsucsce

Weae =(E,¢)(27r) T = 7 GegC (EQ 11.119)

7he  Cumment L;.one i

I,J Ver — ‘_/é“’ + Ve (EQ 11.120)

vReCceE
Rs

Therefore, the gain of the oscillator is radians per volt second is

(V"" ~ Ve + Vi) 27 (EQ .n'.m)

(ﬁ{,‘XT 4ov) c:o/)

The filter is in two parts. The first is the sample and hold network, R1 in

wasc =

parallel with C1, and the second is R2 in series with C2. Assuming the design
of the analog switch and the input pulse width permits full charge or discharge
of the hold capacitor, we can write the equation 11.122 if Ks= sample rate gain,

Ksh is the sample and hold filter gain.

6}5} = K.S K¢ K:u Ke —S’E

(EQ 11.122)
Therefore,
.E.Pf— - CCS) _ Ks Ko Ken Ke g‘ (EQ 11.123)
P (+ 6 L4+ s Ko Iw ke &
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greater than a single setting thus causing an error in a data channel.

two different functions for two different results. Of course, the QPEC cir-

cuit could be used at a single setting to get an error indication, but as the
channel also provides record position as byte count information of the error Locsronv
it would require extra circuitry if the QPEC circuit were used for defect

logging as well as just a channel functionality test.

At this point it'might be well to point out a method devised by Mr. F.
Sordello that graphically predicts the performance of a recording channel if
an isolated pulse can be measured for Pwgg and the channel S/N ratio is known.
The method uses an Arc Tangent pulse drawn on a sheet of paper with a normalized
amplitude and time scale.A. Drawn on the same sheet and centered is thé differ-
entiated pulse shown to sca]ixénd again at 10 X horizontal scaléjsimilarly

centered.

res 1/4.’/_/'

Fig. 13.9

Using this sheet and a table of noise amplitude probabilities, both intersymbol
interference -caused bit shift and noise caused bit shift can be predicted. The
first is done by algeﬂ%ﬁﬂy adding the contribution of a second inverted Arc

Tangent pulse (Fig. 13.10),

14.10
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/,
Jeo Acfess pce aifin
,L[ L ,_/-‘ . k
Fig. 13.10 : Fig. 13.11
5

placed at the correct spacing of Rq,then doing the same to the differentiated
—
z

Arc Tangent pulse. The peak amplitude reduction is shown on the first curve.
The intersymbol interference caused bit shift is shown as the difference in
time between the original differentiated pulse zero base line crossing and

that of the second or modified differentiated 2efe base line <Crossing.

The contribution of bit shift from noise can be determined using a curve

relating RMS noise amplitude to a gausian distribution.
' 1 _v2
The gausian distribution is P(x) = ZmWe*'€ Zo* EQ 13.1

From this equation we can generate a table of noise amplitude as a func-
tion of probability of occurance.

(See MISCHA - SCHWARTZ - McGRAW HILL, 1959, .Page 373-390)
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or B as they are rejected by G anyway. This is a very useful circuit and is
required for all FM codes unless logic is devised to overcome the original
limitations of both pulse width and propogation delays. The shift regisiter
jtself is used to convert from RZ to NRZ which is used to transmit data between

units of a system.

RZ to NRZ Convertors for Valued Pulses

The design pfob]em with this type circuit is that there is no interlea ed
"clock pulse" cycle to use for housekeepping activities such as we used for -
extending the data window. Obviously the circuits that must be devised for this
application must be edge sensitive on]x,as each cycle is a complete window in
itself. The problem is at both extremes of the window unless the designer
disallows a small area at each extreme of the window. If this is done, then a

pulse located near the edge will be missed entirely and not just and mispositioned. —

Careful attention to logic delays and extra circuits for parallel use are required ii
to ensure no missing data. Fig. 11.45A, B, and C show both the waveform

application and a circuit. The data input is slimmed into a very narrow pulse by

A which sets B. An overlap of the set pulse and the possible clock edge is possible
therefore, that databit will be maintained in B causing an error if the next pulse
is missing. The FF C is only used for delay to account for propogation thru B

and the set up of block D. Again, if the delay from C is not long enough, then

the late bit into B will ndt propogate on the cycle but will possibly show up in

the next position due to the overlap of the set and clock lines of B. Block E is
now added to allow for the completed set pulse into B before B is clocked. This

is about the best that can be done using current logic for this application.

What would be great is to have a block that has two independent clocks, one for

data and the other for clock. \

12.44
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Starting Circuits

Before we leave the subject of Phase Locked Loops, we should discuss starting
circuits. These circuits are used to stop the oscillator briefly and restart it
in phase with the incomming data. This is useful if the oscillator is already
] running near or at the incomming frequency which minimizes the phase correc;ion
required. If the incomming data pulses were inputted at random phases to the
oscillator, then there is a distinct possibiTity that the oscillator will slip
phase, meaning the phase error exceeds 180° therefore it will lock up on the next -
cycle. For mixed clock and data systems, this will cause clock pulses to be
missinterpreted as data pulses. Also, it takes longer for the loop to stabilize
after a 360° slip. In disc files it is now customary to lock the "VF0" to the "PLO"
during non-Read cycles and then switch to read pulses during Read. The circuits
are also complicated by using non harmonic phase detectors when locking to the -
"PLO," and using a harmonic phase detector when locking to data. The block diagram ‘t;\
is shown in Fig. 11.46. Here we have both features of the oscillator clamp"
controlled by the cha@ﬁng edge of the Read Gate and the input data (either Read
Data or "PLO") as well as the‘High Bandwidthlswitch used for fast sync up. This
latter is usually referred to as‘Fast 12;. As can be seen, the oscillator is

¢

clamped te one half cycleAyntil the counter is satisfied by counting input "data"
after the Gate edge. For correct operation, the clamp must be able to charge the
capacitor during some minimum interval. For some type oscillators, this minimum
interval is one half cycle, therefore, the counter must count to two and hold.

- For-others, a single count and hold will suffice. The Fast ‘T must also be
synchronized with the data due to the gain change. The circuitry for doing this

includes the current gath €hanfeand the filter change (zero-pole) switches

illustrated in Fig. 1140E. The control blocks are simply a regular single shot \

12.45
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of the differentiated noise including electronic and disc/media noise at the

same location.

The peak value of noise voltage becomes

(6.36)(Vn RMS) EQ 13.4
orinterms of the ds ratio-and converting the RMS sig vdltage to base to
dn
peak at the same time we get
. 6.36 _ 4.497
VnPeak —4 > o —EE—— EQ 13.5
dn dn

which is the peak noise expressed as a fraction of the signal peak.

When we used the d(RMS signal) value to get our d(S/N) ratio, we ére

really in error when we use this value with a differentiated isolated pulse

as the amplitude of the isolated pulse is greater. A1l that occurs is an

error in favor of poorer performance which is acceptable.

Going back to our graph we now locate this amplitude fraction on the

expanded scale (f«'g 15./?,)

Fig. 13.12

differentiated pulse. The value of the peak shift can be read off on the

horizontal scale and multiplied by Pwsg which converts it into bit shift insercads

2 14.13
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triggered by the change of the Read Gate followed by a'D'F.F. Thus the + High
B.W. or + Fast T'signal will be synchronized with the first data pulse following
the Read Gate change and is reset by the first data pulse following the fall of
the single shot output.

Data Format Requirements

From the above we can see that it takes time for the various circuits té be
ready to properly handle the data. The Writerequires establishment of the Write
Current only before valid transitibn can be written on a previously selected head.
With Read, the amplifier requires recovery from any select transient, the AGC
requires establishment and lastly the "VFO" require synchronization. Thus the
preable written prior to each record must include the foregoing, plus some data

pattern recognizable as'the grouping'just prior to the actual record. This grouping

)

5

can be a single transition phased to occur in the data window or some patfern. With N\
FM codes, some means must be provided to allow differencing between clock pulses (i?
and data pulses. This is usually accomplished during the sychronization time of
the VFO by making all transitions,clock transitions. Circuitry can be added to
ensure that during this period no data is clocked out of the data separator. If
it does, then the phase of the oscillator requires reversal. This is easy to do
for FM code since the oscillator is required to run at a frequency that includes
both data and clock pulse cycles serialy for phase detector use, but at half this
rate for separation use; therefore, an intervening F.F. is added to divide by
two. If, during the synchronization period,a "data" were clocked out, it would

be routed to the reset line of the FF to reverse its phase. Such a curcuit is

shown in Fig. 11.47.

12.46
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Now to get the total bit shift due to intersymbol interference and noise,
we just add the two values. According to our ear‘n‘er" rule of thumb each of
these two values should be about one third of the half window width each which
predicts performance at the required error rate,ﬁnc]udingahargin of one tﬁird

_ N
half window. ) _ -
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as a fraction, thus, two input bits may be assigned into four cell positions

and will, therefore, be designated
nTT%2 (£Q 12.7)

The remaining code designations refer to the minimum and maximum run length of
zeros. The minimum number of zeros is designated as d, and the maximum number

of zeros is k, thus any code can be described

= (d,k) . (EQ 12.2)

To see how we use this designation, let us try it on several of the codes we

have previously introduced. OQur NRZI code can be written
m = B
T (dk) =1 (0,%) (eq 12.3)

where m=1, n=1 meaning that for every input bit there is a unique cell assigned.
d is zero meaning that each cell can have a one bit, and k== indicates that an
all zero record can be written without any Cransitieons. B The code similar

to NRZI where a ninth sync bit is added for every eight bits can be written

T (d.k) = §(0,8) (£Q 12.4)

which would be easier to handle thru the amplifiers. The FM code would be

D (d,k) = % (0,1) (£q 12.5)

meaning that there are two cell positions for every input data. Each cell can
be filled and only one cell in a row may be left zero.
The PM code is designated the same. For this reason we still need

further description to identify any pérticular code. The MFM code is written
m ]
o (dik) =75 (1,3) (EQ 12.6)

where any bit is associated with two cell positions, one of which must be left

134
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boundary of a cell, suppress all clock bits at the cell center evcept those
preceded and followed by a zero, and so on as the boundary is changed to the
trailing boundary instead of the leading boundary.

The group codes differ in that they are substitution codes with sometimes
very elaborate rules as to run length. The most familiar of these is the GCR

code, or Group Coded Recording, used in the tape industry
D (4,k) = £ (0,2) EQ 12.8

The code conversion is listed in Table 12.1 below

TABLE 12.1 GCR CODE Data Value Recorded
0000 11001
0001 1101
0010 10010
0011 10011
0100 11101
0101 10101
0110 10110
0111 10111
1000 11010
1001 01001
1010 01010
1011 01011
1100 11110
1101 01101
1110 01110
1 o1

(%6

o~
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as taken from his paper.

TABLE 12.3 3PM CODE

Adjacent Word Influence Output

Input Preceding Following p/ P, P, P3 Py, Ps Pg
000 X 0 0 000010
000 X + 0 0 0 00 01
001 X X 0 0001 00O
010 X X 0 01 0000
on X 0 0 01 0010
on X ¥ 0 01 00 01
100 X X 0 0 01 00O
101 0 X 0 1 0000 0.
101 + X 1 0 00 0O0TO O
110 0 0 0 10001 0
110 + 0 1 000O0T10O
110 0 + 0 1 0 0 0 01

© 110 3 ¥ 1 0000 01
m 0 X 0 1001 00
m + X 1 0001 00

| where #=influence, 0O=no influence, X=don't care, and P; is the previous
word's Pg as altered for this word. For a further explanation, see the _
paper entitled "A New Look Ahead Code for Increased Data Density" GV Jacoby.
iIEEE Sept Proceedings on Magnetics 1977, vol 13, No 5, p 1202. Another

code that is useful is designated as (Newman, Fisher)

m = 2
o (d:K) =3 (1,7) EQ 12.10

(5.4
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T (d,k) = 3 (2,7).
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—w’ == The code compression Dr = -2- # 1.5 Yo utilize the code, input data may be

M ’édcepted'é';' 3, or 4 bits at a' time dep_erwmvding on the content. All possible
7777, combinations can be made up from those listed in Table 12.5. This code is.
..t _ _attributed to Mr, Franazek of IBM.

~4--» - TABLE 12.5° - »

T T
| V : | 2 - . — ,.:, PN KA hna DATA . ,: CODE
T S AB AB AB AB
T -
""""""" ST 0 o 01 00

oo, || .10 | o1 | oo
0010 00 10 01 00
no T 0 oc

_ W._,‘_,.m"_- _oou .. || .00 | 00 10 00
- ww ~~~+-- c-eoq f 000 00 01 00

: [
“Wf.ii«,! = _
SIS S S A S f~,1/2 (_z;,7) code ..
I [ R : !
m--...,;'._ P N S S —

r

i
A

i
1

As there are so many codes poss1b1e of both the block and the merging types,

i

_- f 17 we wﬂ] not cover the remamder, but w111 s1mp1 y give some equations that when
‘ " so'lved will descmbe }some “of them These equations were described by Dr.

- l ‘ . ZT Campbeﬂ The number of code words Cw. (n,d),. is gwen by
i - i b (" d) - ?mzf‘ (?-?;Z(dn)i)! - S EQ 12.12

;) V i, !lalf : ;
i I R A S |
RN S 'where Rmax < E—T , ; S X s :

LA oot .‘,
!s‘( \

: . . : : ‘ . H ; (!
- | - SO § X,

I ; ; , -

y - |

' : : :



AL IMCHES

Q53

e

[T Yy

1gse A
1959 A

qéo

91

1962
196>

LI
1965

1967

1968
1969 -
1980
K188

(";;71 4.
1973

197¢ -

197 ¢

1976
922
1979
1979
980
898/ |

982
(943

194 ¢

A185

4

-y
: . e ;™o
- - ) w & ()
TV exnd 3R eE Tl 9 9 ¢ 9 s3
_-huew\‘o%oc}gqg°“.°c°ﬁo.qq°°=°°°
= u ) .S (-]
w . - - s f—.?s % ;$'~° S ¥ b = p‘f“ E"ﬂg Q ) S
SNy WU R R DUNIRS SRV SIGIY SUSN SRR S Ag\g,...s,«.!;: ) e ——
> .
3 = V 1
: \ L/ ?
: 7T
1 - — -
L w
INEERNC4
<~ 1 2 N 3
w - ' -
= /1* B Bt
- /
- ‘A i
AY)
S5/ .
L —} P ~ (Mg g PG I SN
o . I
s |/
.o vy
% /}/ - -1 - B ~
4 N j"-.-..
¥ —-
_ - /. . — .
/J - bt il —f i 2 D ——
p — P (v I‘r N K
o i : . oS
— o f ) = —
R s
/
= i
— o dname § we ) am——— o comune & come - - {':: % — g - - — - — e b —
WG '
. - Yo IR WA N N B
- 1§/ x J.
- o 3f
- : A
et I
<
al 7l
v/
- i
/ .
- . ‘.
rd \ﬂ - -
I . 10 . i
, - o RN .
S l
—
"\A
3 N - )
—. ™ ' : ] ki .
K ; B e =
Fo ¢! MG TR IV S A O N T
o 4 ‘ LE ; ," '
o 11-, y 5 ’ .
! Fe Pe ~
k4 8 ';!f,
3 - :
—— - — 5 1




.....;.‘.‘—..E?Z__l .160'/', ..:———[ | ‘:'; ———

B R -,
- Flel2-¥ FM. WiNpows UNSymE TRy

T o pam | sot cles - : |

R

Fle (29 .. M*FM  winpow UNS/VmE?'/?f

< T S

—y - —

)

]
]
|
t £ >

¢ | —] 833T —:]
&
5 4'-—| l-os7 T

Fle (21 .

WwRIE cav TrmE C

READ BACK sHIFTED

Ak
Fle (2.0

- PEAK SHIFT, JvE 70 Puiie
INMTERAC Tr o)

?

"

WRITE POE COMPENSRTED

ASIEAI J N
]

READ BAcKk WNEARly own Zirnz

"

-

NRZ I
To Wwhk7e
oRwvERS

FNRZ AT
FWATE CLOCK ] :
FlG 1212
NRZ2LI ENcoper

NR2 AT | T
(WATE dteak P PP

D
4 F M
To wrIrE MOUERS

=

=
Q [l

CFlé P2 43
rBM,  ENCopER



