






































































































































































































































































































































































































































































































































































































































































































































































































































































































































































PUBLICATION INTENDED. ALL RIGHTS RESERVED. 

I ) . RECORDING CHANNEL TESTING 

, 

Following the design and implementation of a particular recording channel 

and head combination, the designer must prove his design can meet the machine 

specifications for error perfonnance. Typically, a channel has been specified 

as contributing one error in y x 10.l bits transferred. Meaning that over.a 

period of time the total number of bits in error divided by the total number 

of bits transferred during the Read mode becomes a measure of the channels 

perfonnance. This may be designated for all heads and tracks (for disc files), 

using a random number generator for the head and track addresses, or it may 

Just be the total sequential file. Usually the random access method is used 

as it affords the greatest sensitivity of the test, including both inner and 

outer tracks for all heads. In the past this number was obtained using brute 

force methods; in other words, actually transferring, say an order of magni­

tude greater number of bits and counting the errors. Games have been played 

by testers wherein they automatically add two bits of error. to the total 

saying that statistically an error could have been made just before the test 

started and another just after the test finished. Also, only soft errors 

are counted. The hard errors are ignored. The definition of soft and hard 

errors is the subject of some controversy. Usually soft errors are designated 

as those errors which do not repeat at the same physical location either 

following a single write or allowing multiple write updates. The one used 
I 

must be specified. Hard errors are the repeaters. These can be attributed to 

disc or media defects at a location designated by head number, track number, 

and bit count. The two types of errors are specified separately. 

14.1 
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requires it a transition at the cell center for a one bit. Thus, there were 
I 

twice as many transitions for an all one.pattern as there were for NRZI, but 

it was self clocking. Because of this density increase, the early machine 

that used this code operated in Region 3 of the B.P.I. curve. Fig. 12.4 show~ 

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 recorded· 
Tltl4"41 Tn,.141 o.c. 

the zero bits as well. The direction of the read bac~pulse was 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 sam~ clock 

decoding as FM codes and hence, the same recording density increase. It 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. Miller, Mr. W. Woo, and again by Mr. Jacoby. 

The basic code is shown in Fig. 12.6 wherein a 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 M2 FM 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 

plotting the total number of b;:i:t's whose phase shift exceeds a set value, · 
S•t: 

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 

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

shift, either up shift or down shift, that exceeds the chosen time delay, is 

counted on a counter for a given number of transferred ~. For short settings, 

a si~gle revolution or a single record is used. For long settings, hundreds o~ 

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 
"f1itANl/"'f:_,.n; 

of the counter is a factor in the choice of total transferred ~ for any 

given setting. 
- - --

(J f' 1> ?~ T 1 

- - - --

INOE ll 

Fig 13.1 
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ltUc •1nt1• ..,;lltt<1.. t.., ~ (l••K.I' •.t;;&.ce.,c t. c .,.,, ,;r/•c,... 

on either side, see ·Fig. 12. 7 ·/\ 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 1one 1 bits are always bounded by clock bits 

and will, therefore, have some synmetrical interference which results in small 

peak position shift. The clock transitions on the other hand have no such 

synmetry and will therefore exhibit severe bit shift especialy in Region 3. · 

This fact was taken advantage of in early machines by using an un~ynmetrical 

window, 40% for the data ones, which are shifted least, and 60% tor clocks, 

which are shifted most, Fig. 12.8. Now with M2FM, 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 timef away from its neigh· bor, therefore, suffers the least shift. 

Therefore, a window of 60% or thereabouts, Fig. 12.9, is assigned to ~he data 

ones and a 40% window assigned to the clock. This is a real advantage and 

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 s¥1T1bology 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 
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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 
123 123 

would give transitions for every 3 bits transferred: 0110110. The actual 

cell content on the disc would be cOclclcOc, 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 

nrust have four data bi ts transferred per two trans i ti ons ~ 101 000 101 000 0 
for~ track capacity. For example, if the track held 10 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 

doublet 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 perfonnance of that head disc combination. The 

intersection of the curve at the time value equal to the one half of the cell 

window width, W~, gives the error perfonnance. In the figure, that is 10- 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 M2FM 

described earlier can be written 

. 1 w (d,k) = 2 (1,7) EQ 12. 7 

The Wand d are the same as in EQ 12.6, but the k=7 comes from the sequence 

lcOcOcOcl 

There are several advantages for using codes. Some, as was Mr. A. Patel's, 

designed to minimize the de content of the code in order to write thru a 

transformer of a rotating head system. Others are designed to maximize the 

amount of data stored for a given transition 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 andl. 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 leading 
f!,.; 
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Fig. 13.4 Acceptable Amplitude and Resolution Coni:>inations 

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. Obviously bit shi~ is controlled by head 

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

ters. Therefore a successful and cost effective design hinges on balancing 

the cost increases ne~essary to reduce bit shift and those necessary to 

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

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

---------------1$\M 
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We should introduce a third measure for a code. This is the Density Ratio 

Dr where 

Dr= ~=~~r~~~~i~~n Density= T ~in=~ (d + 1) EQ 12.9 

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

comparison. (see table 12.2) 

TABLE 
12.2 

Code 

NRZI 

FM 

PM 

MFM 

GCR 

3PM 

2/3(1,7) 

1/2(2,7) 

m 

1 

1 

1 

1 

4 

3 

2 

2 

n 

1 

2 

2 

2 

5 

6 

3 

4 

d k Dr m fl illl/Nq,., 

o 00 1 1 

o 1 0.5 .5 

0 1 0.5 .5 

1 3 l . 5 

o 2 0.8 .8 

2 11 1. 5 .5 

1 7 1.333 .6666 

2 7 1. 5 .5 

Now one of the purposes of using codes is to increase the information content 

for the same number of transitions. As can be seen in Table 12.~, 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 Or of 1.5. He 

ca 11 ed it 3PM. It limited the minimum number of zeros to two in order to 

reduce the transition density. With this code, he substituted a 6 cell 11 word 11 .. 
for a three bit data input. Keeping the restriction o~"mAs:'"u • .,· number of 

zeror, 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 m~""u"". 

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

; ;. 7 
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channel. This is done by altering a circuit or circuits that are not nonnally 

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 ~idth 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. 

(Fig. 13.8), 

Figure 13.Sa 

By using a delay line and an 1 and 1 gate 

Ji'llT,._ r------.. 
INllVJ>O...., I 

PH"'Y!P p,,,.,.,. 
"""'"'Po...., 

l"'IA"'''"'"(. IZt.JI 
/)11 r"A w IN Jlo c..J 

Fig. 13.Sb 

YATA 
and then realigning the window to center it to an on time transition, th~in-

dow can be marginalized. Hence, when operating, transitions with less than a 

given amount of:, shtft 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 our rena~ning the QPEC 

curve. The two functions are different. The QPEC circuit 
'!' KAf'J!1T•Cr1 s 

counts all Amet'sA! that have phase shifts greater than many settings to gen-

L 

()-

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 changer depending on adjacent word interference that 

would alter the minimum run 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 

NOW FUTURE 

00 00 

00 01 

00 10 

00 11 

01 00 

01 01 

01 10 

01 11 

10 00 

10 01 

10 10 

10 11 

11 00 

11 01 

11 10 

11 11 

2/3 (1,7) code 

CODE 

NOW FUTURE 

001 xxx 
001 xxx 
001 000 

010 000 

010 xxx 
010 xxx 
010 xxx 
010 xxx 
100 xxx 
100 xxx 
100 xxx 
100 xxx 

- 101 xxx 
101 xxx 
000 100 

101 000 

(X =don't care) 

double group 

double group 

double group 

double group 
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also m~log2 {Cw(n,d) EQ 12. 13 

for conventional Block codes. When merging is a-llowed, as with the 3PM codes, the 

following is given for cases where d ~ 2 

( ) R' (n-d-dj)! 
Cw' n,d = r j! {n-d-(d+l)j)! EQ 12. 14 . 

j=O 

where R' < n-d 
- cr+T 

PRE COMPENSATION 

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 the peak back to its 

lon time'position. Thus, if pul~e interference makes a pulse peak late that 

transition is deliheratly written early such that the resultant peak shift 

pfa. ces the peak at its true unshifted position. It has been shown that the 

worst peak shift occurs for two adjacen~ transitions with no transitions on 

either side. If we wrote two transitions T seconds apart and we measured the 

ti~e between the two resultant peaks as 1·2 T, then the peak shift of each 

transition is 0.11. In order to correctly write the two transitions, the first 

has to be written late by greater than O·lT and the second has to be written 

early by greater than O·lT. 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 itteratlve one and 

is best calculated using about 10% greater shift than predicted for the plus 

and minus Precompensation, then recalculate the predicted 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 minimt2e the movement of 

a pulse so as to keeo it in its assigned window. Further, the implementation 

, 
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is best incorporated in the encoder circuitr~ . See Fig. 12.10 and 12.11. 

Sometimes a particulAr code cannot be optimize9 for peak shift with only a 

single value of plus and minus Precompensation. Certain patterns may produce 

a lessor amount of peak shHt that would be overcompensated if the single 
r.he., 

value were used. It is therefore necessary to install a multi level Pre-

compensation de~ending 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. 

The NRZI encoders are trivial being only single 1 and 1 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 fjrst. The 

decode is shown in Fig. 11.458 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,c:and write all,1 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. 
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RMS NOISE = 

Table 13.1 

Probability of Occurance 

1 

• 

0 

1 

2 

3 

4 

5 

6 

1/0.32 

1/21. 74 

1/370.4 

1/15625 

1/1724137.9 ----- ---~~---··--·------------

1/500 000 000 

6.36 1/10 000 000 000 

7 

8 

1/400 000 000 000 

1/80 000 000 000 000 

. ) ~---
Jy .. ·: c, .~ . .; .. :_ 

. :i·~ 

__ :-:·;_~--

For 10-10 probability of occurance, the noise pulse amplitude is 

6.36.X RMS Noise, 
I 

EQ 13.2 

The method of measuring the signal to noise ratio 1s important. The 
&(4 

measurementS;\taken after the differentiator in order to relate it directly 

to the differentiated pulse for peak shift measurement purposes. 

dS = d V sig RMS 
dN dt 

d vn RMS 
dt 

·"; 
EQ 13.3 

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 I 

14.12 
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NOW FUTURE 

A B 

Early 1 c 1 
<--

1 c 0 

0. c l 

0 c 0 

Clock on time = A·B + A·S 

Clock Early = A·S 

Clock Late = A·B 

Late Cl eek on Time 
--;:.. 

Clock Early 

Clock Late 

Clock on Time 

EQ 12.15 

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

[· propagation delay or unwanted shift will alter the data t.i.ming. 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 p~a.sereversals 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. 
Q, 

EQ 12. 16 

EQ 12.17 

IF 
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_..._ TABLE 12.8 

K = A B C lF +A B C lF +A B C lF + 

+ A B C lF + A B C lF + A B C lF 

ALL RIGHTS ~ESERVED. PUBLICATION INTENDED. 

EQ 12. 19 

j ;.1) 



) 



( 
\ 

--

& 
J = 

ALL RIGHTS RESERVED. PUBLICATION INTENDEO. 

- - - -- - -O.T. =AB C lF +ABC lF +ABC lF + 

+AB C lF +AB C lF +A B C lF + 

+A B C lF +A B C lF 

E = A B C lF +A B C lF 

-
L =A B C lF +AB C lF 

1 1 1 

1 
G 

1 
II"' 

1 

p 
K = 

1 

1 

1 

1 

1 1 

c. 

It ,, 
OT= 

F I 

1 

A 

1 1 
1 1 
1 1 

1 

The decode of these Veich diagrams is as follows 
- - -J::: B·lF + B C lF 

-K = B·lF +BC lF 

On Time= B C lF +A C lF +AC lF + B C lF 

Early= ABC lF +ABC lF 

-Late= AB C lF +A B C lF 

j 

,. E= 1 
f 

1 

EQ 12.20 

EQ 12.21 

EQ 12.22 

g 
L= 

1 

A 

EQ 12.23 

EQ 12.24 

EQ 12.25 

EQ 12.26 

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 

c 

F 



DATE 
MACHINE ANNOUNCED IBM FCS TPI BPI 

I 

350 1956 1957 20 100 

1405 1959 40 200 . 
1301 1961 1961 50 500 

1311 1962 50 1000 

1302 1963 100 1100 

230-1/2 I 

2311 I 4/64 1964 100 2200/1100 

2305 
I ·~i400/2200 2314 4/65 I 1966 100 
I 
I 

2319 1969 ~400/2200 

3330 6/70 1971 192 4040 

3330-11 7/17/73 3/74 370 4040 

3340 3/74 ! 11/73 (1251 
3/74 

300 5630 

Sys 32 300 5635 

3344 4/76 

3350 4/76 480 6250 

3370 1979 1/80 635 11900 
~PI (7930) 

3375 1980 10/81 

3380 1980 

--
I ~ ' ·-

AREA 
DENSITY 

2000 

8000 

25000 

50000 

110000 

110000 

220000 

775680 

1494800 

1690500 

1690500 

3000000 

7556500 

~: ' 
'-.,__,.) 

IR 
I 

! 

4;468" 

4.46 

4.46 

4.24 

4.24 

4.06 

4.69 

OR RPM 

1200 

1200 

1800 

1500 

1800 

6.506 2400 

6.50 2400 

6.50 2400 

6.38 3600 

6.44 3600 

6.60 2964 

2964 

5.863 

3600 

2964 

2964 

3600 

I 

LATENCY 

25 MS 

33 MS 

20 MS 

33 MS 

12.5 MS ' 

12.5 MS 

12.5 MS 

8.4 MS 

8.4 MS 

10.1 MS 

10.1 MS 

8.4 MS 

10.1 MS 

10. l MS 

8.4 MS 

l 

DATA 
RATE BITS 

77.6 KB/S 

155 KB/S 

625 KB/S 

700 KB/S 

1.25 MB/S 

1.25 MB/S 

.. 
2.5 MB/S 

2.5 MB/S 

6.45 MB/S 

.6.45 MB/S 

7.08 MB/S 

7.08 MB/S 

9.58 MB/S 

14.827 MB/S 

14.827 MB/S 

24.0 MB/S 

.i p l g . 



(: 

ALL RIGHTS RESERVED. PUBLICAT~vi; INTENDED. 

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 rcLOCK 
A V B 

0 • 
0 , 

0 

0 

II/OW 

0 

0 

1 

FUTURE 
c 

0 

1 

0 

clock = A B C 

clock = A B C 

data = A B c 
-data = A B C 

1 0 0 

1 0 

1 O data = A B C 

1 data = A B C 

A A 

CLOCK : CIIIJ 
ITiiliJ c 

DATA =1~ 
c 

The decode is clocks = A B, 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 impleme~tation is given in Fig. 12.20. Note that 

the set up and timing paths 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. 

I>· t7 



AVG. 
ACCESS I PRE FLYING ERASE CLOCKING 

MACHINE MECH CODE COMP HEIGHT ELEMENT METHOD CYLINDERS COATING GAP LENGTH MRX FCS TKsp TW ' ~ ' ~ - - ~ 

I I 
350 Elec Serve 1 NRZl I 0 1 

I 
Yes Clock Trad ---- 1.2 1000 

1405 ! NRZl 1 0 500 Yes .8 
i ' ' 

1301 Dual Hydra• NRZI ! 0 250 Yes Clock Trad· 500 

1311 Hydraulic NRZI 0 125 Yes 200 

1302 Dual Hydra NRZl ! 0 125 Yes Clock Track 200 
I 

230-1/2 Fixed NRZl 0 
' 

2311 Hydraulic FM 0 125 
I 

Yes Hard Sep 200 200 200(M) 9/69 

2305 NRZl 0 VFO 

2314 Hydraulic FM 0 80 Yes VFO ti 300 100 IOO(F) 12/69 10 Mill 7 .0 Mi 11 

2319 Hydraulic FM 0 Yes VFO 200 10 Mill 7 .0 Mi 11 

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 I 

3370 L.V.C. Ja(2,7) 0 15 No VFO 746 + 746 25(TF) 1.57 1.33 +4 +4 
3375 L.V.C. Ja(2, 7) 0 No VFO (TF) 

3380 L.V.C. Ja(2,7) 0 No VFO (TF~ 

I 

J Pg. 3 Cr/ _./ 
' ' , 



ALL RIGHTS RESERVED. PUBLICATION INTENDED. 

TABLE 12.10 

PAST NOW .rCLOCK FUTURE 
A B D 

F5T-fllll.l:. 

0 • 0 • 0 • 0 0 clock OT 

0 • 0 • 0 1 1 clock early 

a • 0 1 0 2 -
0 0 1 1 3 -
a 1 a a 4 data OT 

0 1 0 1 5 data OT 

0 l l a 6 data late 

a l l 1 7 data late 

l 0 • a • 0 8 clock late 

1 0 • 0 1 9 clock OT 

1 0 1 0 10 -
1 0 1 1 11 -
l 1 a • 0 12 data early 

' I 1 1 0 1 13 data early I 
! 

1 1 1 0 14 data OT 

1 1 1 1 15 data OT 

. - - - -
clock OT = A B C D + A B C D = 0 +9 

clock early = A B C D = 1 

clock late = A B C D = 8 

data OT= AB C D +AB CD+ AB C D +AB C D = 4+5+14+15 

data early = A B C 5 + A B C D = 12 +13 

data late = A B C 5 + A B C D = 6 + 7 

EQ 12.28 

EQ 12.29 -

EQ 12.30 

EQ 12.31 

EQ 12.32 

EQ 12.33 

• 
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ALL-RIGHTS RESERVED. PUBLICATION INTENDED. 

- ---20 = 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.zo 
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ALL RIGHTS RESERVED. PUBLICATION INTENDED. 

TABLE 12.13 

0 

1 Early 

2 Late 

3 Early2 

4 
- 5 

6 Late2 

7 On Time 

We can write the boolian equation for each condition 

7 = ABCDE + ABCOE + ABCDE + ABCOE + ABCDE + ABCDE + ABCOE + 

ASCOE + ABCDE + ABCDE + ABCDE + ABCDE = 111 

6 = ABCDE + ABCDE = 110 

3 = ABCDE + ABCDE + ABCDE ~ 011 

2 = ABCDE + ABCDE + ASCDE + ABCDE = 010 

l = ABCDE + ABCDE + ABCDE = 001 

EQ 12.38 

EQ 12.39 

EQ 12.40 

EQ 12. 41 

EQ 12.42 

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

2° = 7 + 3 + 1 
2 1 = 7 + 6 + 3 + 2 
22 = 7 + 6 

EQ 12.43 
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--- TABLE12.14 

( 

INPUT DATA ENCODED TRANSITIONS WRITTEN 
time~ time~ time-. 

NOW NEXT NOW NEXT ·SUBSTITUTIONS 

00 00 001 001 001 ' 

00 01 001 010 001 

00 · 10 001 100 001000 
,. 

001000 

00 ·11 001 101 010000 010000 

01 00 010 001 010 

01 01 010 010 010 

01 10 010 l 00 010· 

01 11 010 101 010 

10 00 100 001 100 

10 01 100 010 100 

10 10 100 100 100 

10 11 100 101 100 

11 00 101 001 101 

11 01 101 010 101 

11 10 l 01 100 000100 000100 

11 11 l 01 101 101000 101000 

Now if we examin the substituted code, we see that the 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, then all four input bits are. taken and written 
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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 l for 

write purposes. 

Cell l = ABCD + ABCD + ABCD + ABCD + ABCD + ABCD + ABCD EQ 12.48 

ce11 2 ·= ~aco +Asen+ ABCD + Asc5 + Asco EQ 12.49 

-- - -- -Cell 3 = ABCD + ABCD + ABCD + ABCD + ABCD + ABCD EQ 12.50 

Cell 4 = ABCD + (ABCD + ABCD + ABCD + ABCD + ABCD + ABCD + ABCo + AiZP+-

+ ABCD + ABCD + ABCD + ABCO} EQ 12.51 

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

as transition l of the next pair of input bits. 

A A 

B l B 1 l 

1 = l l D 2 = ' l l D 
1 1 

"" 
1 

1 l . 
c c 

A 

' l B x 1 x x 
3 = 1 1 4 = x x x 

1 x x x 
l 1 x x x 

c. c 

from which we can reduce the conditions to the following 

---·· 
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Q- ~ ,_) z.. + .E: (1 - ~·t -.z.,. 
w~ 

There are three terms that cause peaking in the frequency domain 

f + • 
/ 

I 

C ~z..)"'-
1 - -x 

w--JK;' 

..... "'-I -w - .~ 

..... ~ 

i.t)~ 
;! -= -.JK 

x '-" '* ..: -
'-"'z 

"2 2 
Note that the (1 - !!-.) term would cause peaking at a much higher frequency than x 

'"''fV' ... "'-the other two terms. Hence, for ne111i111l peaking, we need to balance the affects 

of the other two terms. 

l G.(;wj J 7- = 
For closed loop bandwidth wheri. 

J- ';) 
2-

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

._,l_, " I ~(j---) r- -= 0 ,.., w = c..J l'IC 

d... (,y 

l c: ;~ J 

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 s3 term and applying the above 

derived corre~tions. These are tabulated in Table 11.l. 

Table 11. l 

x 

4 
10 
16 
20 
25 

Ignoring s3 

4.5 db 
2.12 db 
1. 56 db 
1.37 db 
1.21 db 

Corrected for s3 

4.44 db 
1. 74 db 
1.08 db 

.86 db 

.70 db 

Improvement 

.06 db 

.39 db 

.78 db 
• 51 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 W: normal W min eeaking 

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 

as well as the centroid approach values as a function of X and X·Lc../a 

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 media· 

defects which are still not counted in the error performance but may be 

specified for the total rnactiine. 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 perfonnance. This method pennitted the separa­

tion of the two dominant error mechanisms for the first time, which pennitted 

optimization of the various channel characteristics for best perfonnance. 

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, 
'~" ,,~ a curve ~ generated that totally describes the error perfonnance of a machine. 

14.2 
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(EQ 11 .114) 

r 

(EQ 11 .115) 
• • I<-'-- I = 

--
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 lower the zero and h~nce the gain, we will require only 7.93 ua {from Wz changes 
10 

{Kby 1"i"Q'l"J. We do need to concern ourselves with the oandwidth of the current .. 
switches at these current levels. The last item is the voltage swing on the capacitor~ 

'\ 
for the frequency lock range requirements. ~ 

This we cannot do with the ECL interface from the phase detectors, Fig. 11.40A, 

therefore, further voltage translation is required before applying the erY"or pulses. 

to the current switches. We require the modification on both phase locked loops 

as Fig. 11.40A only allows± 0.5 v error range and the first circuit required ± 

1.25 v, EQ 11.68, and the second required±2.5 v, EQ 11.116. Let us address the 
1 

problem of the low current. If ~e look at the tenns for gain, we see C1+:C 2 • If 

we raise C2 to 10- 7 farads instea.dof 10-8 , we can raise the current. We would 

also need to change the value of R1 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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Notice that the early part of a record is blocked using·~Data Valid." This is 

to ignore the excessive phase errors during lock up time at the beginning of 

the record fonnat. Also the type of phase detector used detennines the block 

designated as an 11 or11 following the phase detectors. For simple phase 
1y1,;!,t: "Al-! ,:.:';.;,.::: f,"~<:I\ '! p~rtK:~ft:J RJ,,., Yuwe. ..,.'" 7 1'. 

detectors, or non-harmonic phase detectorsY\as shown in Fig. ll.14A, the 

circuit shown is adequate. Care must be taken in allowing for "D" setup time 

in the output block. For hannonic phase detectors, where the up and down 

errors are turned on stmultaneously, an 11 e)(clusive 6r11 must replace the "or. 11 

Then the difference between the two is fed to the delay line and 11 D11 flip flop. 

The operation of the two versions is illustrated in Fig. 13.2a and 13.2b. 
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..:, !. .:'CI< _ ___n,_ __ _ 
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Fig.13.2a 
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Discriminator Wavefonns 
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Fig. 13. 2b 
Typical Hannonic 0 Error 
Discriminator Wavefonns 

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. 
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1010 bits need not be transferred. The slope of the curve can just be 

extended from some lesser value to the 10-lO 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 acceptable 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 perfonnance. 

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, amp1itudes 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 10-lO 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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= 
(EQ 11.117) 

The gain K I becomes .... 
10 

J•/'/) 1-tO 

(EQ 11. 118) 

Now if K"' were 110 as before, the currents are 7. 93 ma for the nigh gain, fast 

lock up case, and 79.3 ua for the low gain, loor 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 loop. With each compromize, we pointed out the difficulty 

and a possible solution. The final design is shown in Fig. ll.40tand were numbered 

this way in order to emphasize the development of the design. 

We have now discussed three type 2 phase locked loops. The first u!,ing 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. 11.310, 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. 11.318, EQ 11.39 as developed in Fig. 11.408, 

C, and D. We might profitably discuss a type 1 loop although its use is 1 imited 

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. Th~ 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 

,;~ 
I \ 

I \ 

I \ 

•''t ~ I , 
J \ 
i I 

Fig. 13. 6 ~ 
QPEC Curve Showing a 
Media Anomaly 

1rf~ 

\ 
\ 

I 

.s I 
to 

Fig. 13.7 
QPEC Curve Showing a 
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 d~/dt signal, called an extra bit or drop in. The pulse 

adds to an existinQltransition and phase shifts the transition beyond the W/2 

limit, thus causing the curve to extend to the right at one count per 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 
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The gain of the phase detector is (~~o~c volts/rad. The oscillator output is 

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 the(""1parator. The gain is 

f CISC. 
(4·011) c. 

1k ~ I~ .,..,.-t,,. w 

I '·>V4Cw 
Ve.rr - V".:. + V-t--

l(r 

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

(v~ - Vac! +Vt) z 1T 

( f:. s x 4 •O V )( Co) 

(EQ 11. 119) 

(EQll.120) 

(EQ 11.121) 

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

parallel with c1, and the second is R2 in series with c2. Assuming the design 

of the analog switch and the input pulse wiath 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. 

(EQ 11 .122) 

Therefore, 

cpo G(JJ ks I(., K u-1 l(F k .. -- 5 -
4''"' t + Gr.J) l +- f<s Kf l(JH kt= /< .. -.) 

(EQ 11.123) 
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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 infonnation of the error wcA.,.·.t>".J 

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 perfonnance of a recording channel if 

an isolated pulse can be measured for Pwso and the channel S/N ratio is known. 

The method uses an Arc Tangent pulse drawn on a sheet of paper with a nonnalized 

amplitude and time scale.A. Drawn on the same sheet and centered is the differ­

entiated pulse shown to scale~and again at 10 X horizontal scalecsimilarly 
A A 

centered. 

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 algeb~i~y adding the contribution of a second inverted Arc 

Tangent pulse (Fig. 13.10), 
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Fig. 13.10 

~, 

,u),_, ...... C 
l ~ 

_:.,4· ... : ' 

Fig. 13.11 

placed at the correct spacing of Pw" then doing the same to the differentiated 
-.;: 

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 n- modified differentiated t.efo base. h.,e: c:.yo:.~;,,,. . 

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

relating RMS noise amplitude to a gausi~n distribution. 
1 v2 

The gausia.n distribution is P(x) = 21To-1 '€-~ 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 

itself is used to convert from RZ to NRZ which is used to transmit data between 

units of a system. 

RZ to NRZ Converters for Valued Pulses 

The design problem with this type circuit is that there is no interlea ed 

uclock 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 only as each cycle is a complete window in 
I 

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 

to ensure no missing data. Fig. 11.45A, B, and C show both the waveform 

application and a circuit. The data input is slinmed 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 data bit 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 propagation 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 not propagate 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 a 11 ow for the completed set pulse into B before B is c 1 ocked. This 

is about the oest 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 incorrming data. This is useful if the oscillator is already 

running near or at the incorrming frequency which minimizes the phase correction 

required. If the incorrming data pulses were inputted at random phases to the 

oscillator, then there is a distinct possibility 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 11 VF0 11 to the "PLO" 

during non-~ea~ cycles and then switch to read pulses during Read. The. circuits 

are al so complicated by using non harmonic phase detectors when locking to the 

"PLO,"" ;}nd using a harmorfic phase- detector when locking to data. The block diagram 

is shown in Fig. 11.46. Here we have both features of the oscillator clamp· 

controlled by the cha~ng edge of the Read Gate and the input data (either Read 
i ' Data or "PLO") as well as the High Bandwidth switch used for fast sync up. This 

' , 
latter is usually referred to as Fast 'T"'a.u. As can be seen, the oscillator is 

clamped to one half cycl~until 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 Fast1"'must also be 

synchronized with the data due to the gain change. The circuitry for doing this 

includes the current .J~t" (h~~~and 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 

or in tenns of the ds ratio· and converting the RMS sig voltage to base to 
dn 

peak at the same time we get 

v - 6.36 - 4.497 
"Peak -{i ds - ds 

dn dn 
EQ 13.5 

which is the peak noise expressed as a fr~ction of the signal peak. 

When we used the d(RMS signal) value to get owrd(S/N) ratio, we are 
r 
('__ really in error when we use this value with a differentiated isolated pulse 

\ 

( 

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

error in favor of poorer perfonnance which is acceptable. 

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

expanded scale ( ft"J i;.;~) 

Fig. 13.12 

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

horizontal scale and multiplied by Pw50 which converts it into bit shift ;ns-~111eds. 

2 14.13 
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triggered by the change of the Read Gate followed by a'o'F.F. Thus the'+ High 
' I I 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 to be 

ready to properly handle the d.ata. The Write requires establishment of the Write 

Current only before valid transition 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 11 VF0 11 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 

can be a single transition phased to occur in the data window or some pattern. Witr ~, 

FM codes, some means must be provided to allow differencing between clock pulses L) 
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 1 ine of the FF to reverse its pha.se. Such a curcuit is 

shown in Fig. 11.47. 
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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 eariier rule of thumb each of 

these two values should be about one third of the half window width each whjch 

predicts performance at the required error rate.~ncluding~margin of one third 

half window.) ' 
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2305 
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Sys 32 

3344 
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3370 

3375 

3380 

St EK 

' 

25 

25 

10 

10 

10 

MAX 
SEEK 

100 

100 

55 

50 

50 

AVG 
SEEK 

800 MS 

800 MS 

180 MS 

150 MS 

75 MS 

75 MS 

60 MS 

30 MS 

30 MS 

25 MS 

25 MS 

25 MS 

20 MS 

19 MS 

16 MS 

, 

HEADS/ 
Jr .lllULS:. 

2 

48 

48 

10 

20 

20 

20 

20 

7/13 I 30 

31 I 60 

26 

SURFACES 
R/W DISKS 
;:)t" lRULt. 

50 

50 

50 

10 

20 •.. 
20 

19 

19 

6 

30 

30 

6 R/W+~S/ACT 

~K HEADS R/W TRACK 
FIXED/ FIXED CAPAtlTY/ BYTES 

TRACK .• MATTEO 
CUSTOMER TRACK 

l'IUV!Nb MUVll'ib :>t'lNULt C:l\PAC:HY CAPACITY fAPACITY 

F 2 5 MBy 485 460 460 

F 20 MBy 970 

F 24 + 24 56 MBy 2600 

R 3.65 MBy 3500 

F 24 + 24 234 MBy 5208 

F 

R 10 7.25 MBy 3906 3675 3675 

F 

R 20 29.3 MBy 7812 7200 7200 

R 20 29.3 MBy 

R 19 100 MBy 13440 13030 13030 

R 19 200 MBy 13440 13030 13030 

R 6-12 I 30 35/70 MBy 8960 8368 8368 

F 

F 280 MBy 8960 8368 8368 

F 30 I 60 317.5 MBy 19968 29069 19069 

F 12/ACT 571.3 MBy 37632 R/W 744 Bl/Cyl 
(25088)1.5Ser 24 Alt/Cyl 512/Block 

F 819 MBy 

~260 MBy . 
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\ 

as a fraction, thus, two input bits may be assigned into four cell positions 

and will, therefore, be designated 

( EQ 12.1) 

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.~ 

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

have previously introduced. Our NRZI code can be written 

~ (d,k) = 1 (o,co) ( EQ 12.3) 

where m=l, n=l 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 tu.ru1t1011s. The code similar 

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

~ (d,k) = f- (0,8) (EQ 12.4) 

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

~ (d,k) = t (0,1) (EQ 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 particular code. The MFM code is written 

w (d,k) = t (1,3) (EQ 12.6) 

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

. ~.· .. '\ ~ 
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boundary of a cell, suppress all clock bits at the cell center eYcept 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 
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as taken from his paper. 

TABLE 12.3 3PM CODE 

Adjacent Word Influence Output 
Input Preceding Following p: P1 P2 p3 pl+ Ps PG 

000 x 0 0 0 0 0 0 1 0 

000 x t 0 0 0 0 0 0 1 

001 x x 0 0 0 0 1 0 0 

010 x x 0 0 l 0 0 0 0 

011 x 0 0 0 1 0 0 l 0 

011 x + 0 0 1 0 0 0 l 

100 x x 0 0 0 1 0 0 0 

l 01 0 x 0 1 0 0 0 0 0 

101 + x 1 0 0 0 0 0 0 

110 0 0 0 1 0 0 0 1 0 

110 + 0 1 0 0 0 0 1 0 

110 0 1- 0 1 0 0 0 0 1 

110 1- + 1 0 0 0 0 0 1 

111 0 x 0 1 0 0 1 0 0 

111 + x 1 0 0 0 1 0 0 

where +=influence, O=no influence, X=don't care, and P~ is the previous 

.word's P6 as altered for this word. For a further explanation, see the 

paper entitled "A New Look Ahead Code for Increased Data Density" GV Jacoby . 

. IEEE Sept Proceedings on Magnetics 1977, vol 13, No 5, p 1202. Another 

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

~ (d,K) = f (1 ,7) EQ 12. 10 \ 
\ 
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-: ~: ~- -:- ...;.... .. - .. -- ---:- ·-:·-m ( d k) ="'l { 2 - 7-) ·;--
! · n - ' 2 -' ---:--:-·- -~ .. 

EQ 12.11 

~he code eompressi·ort· Dr = ~ =F.: 1. 5, fo utilize the code, input data may be 
' . 

·~ccepted 2,' 3, or 4 bits -at ·a; time depending on the content. All possible 
- . 

combinations can be made up from those li$ted in Table 12.5. This code is· 
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