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DATA RECORDING MEDIUM AND DATA RECORDING AND REPRODUCING APPRRATUS

This invention relates to methods and means for providing and
sampling servo portiohs on ‘a movable recording medium, and more
particularly relates to such a method and means wherein the rate at
which servo ﬁFctors are sampled on a disk file or servo sections are

sampled on a tape drive is independent of the data architecture used.

Our copending European Patent Application Rumber ............
based or US Patent Application Mo 07/466195 and filed concurrently
herewith discloses a method and means for increasing the servo sector

n a disk formatted in a fixed block architecture (FBA),

sampling rate i
such increase being effected with a minimal increase in the cverhead

(non-data) regions. The disk has the prior art conventional gervo

sectors which contain all servo and associated overhead information.

Howaver, micro servo sectors are inserted in the data fields betwesn

servo sectors to provide short bursts of servo

[

the conventiona
information. These micro servo sectors contain a small portion of the
overhead information, only sufficient to provide position in
and to control the temporary interruption and restoration of the write
current and the data stream and clock input to a data encoder/decoder.
Because the servo bursts are short, nc resynchronisation of the VCO is
necessary affer each burst. These micro sector bursts are used only
during settling (since they contain only position error signal Gata)
and also preferably during seek (if an abbreviated Gray code is used);
and the conventional sector servo bursts are used during read and
write track following. This technique desirably provides high sample
rates with minimal overhead in disk files using a sectored servc

Py -

system, such as used in low end disk files with FBA format.
]

Several techniques, now becoming increasingly popular to increase
the areal density in sectored disk files, are constant linear density
(CLD) recording and banded recording. In CLD recording, the data rate
for a given track depends upon its radius. Banded récording is

scmewhat similar, except that the data rate is constant within a given

band of radii, but varies from band to band to minimise the range of
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linesar densities. It follows, then, that if implemented in sectored
servo, the number of sectors and hence of servo samples would increase
progressively from the innermost to the outermost bands, and thus
require the servo system to adjust to the differing sample rates.
Aliso, seeks across bands and settles at band edges would require
constant upd%ting of the sample rate, and timing of the servo samples

would vary.

There is a need for a recording technique, transparent to the
user, useful -for both non-sectored and sectored disk and tape formats,
wherein servc sample rate is constant and is independent of the data

architecture used and limited only by the total area of the disk

devoted to sexrvo information.

ing toc the present invention there is provided a data

ing medium having a series of parallel tracks, each track being
divided into a séfies of data portions and having a series of servo
portions fecorde& along the track, the medium being movable tc enable
the tracks to be read and the servo portions to be sampled
characterised in that the servo portions are spaced so that they can
be sampled at a conétant rate but the positions of the serve porticns

1 LY

relative to the data portions vary along the tracks.

Further according to the present invention there is provided a
data

a recording medium as described in the last preceding paragraph, the

rocessing apparatus for recording data from or recording data on

Lol

apparatus comprising a data controller for supplying data to be
written or for receiving data which has been réad, a recording and
reproducing head for reading from and writing in the tracks on the
recording me%ium, & servo controller responsive to the servo portions
to control the position of the head, counting méans to count the
interval between servo portions, the servo controller being enabled by

the counting means at the beginning of each servo sector. .

Yet further according to the present invention there is provided

a disk file comprising at least one rotatable disk, a recording and
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repro ducing head for recording aata on and reading data from circular
tracks on the disk, each track 1ncluulng data sectors to accommodate
recorded data and servo sectors to accommodate servo information, a
servo contrcller to position the head with respect te the tracks on
the disk by reference to the servo information, characterised in that
the servo sejtors on the disk are egually circumferentially spaced
along each of the tracks and the number of data sectors in each track
varies according to the radial position of the track whereby the

tions of the servo sectors relative to the data sectors vary along
each track according to the radial position of the track.

diagram, not to scale, showing the regions and fields

a
of a prior art data sector for a track on a disk file formatted for

Fig. 2 is a dia agram, also not to scale, of a servo sector

according to the invention;

. . 3 - .
Fig. 3 is a 1agram, alsc not to scale, of a data sactor in

which at selectable locations the servo sector may be inserted;

Fig. 4 is & diagram of a portion of a disk according to the
present invention formatted in banded FBA depicting the constant
sampling rate for all bands, the varied numbers of data sectors per
band, and the servo sector locations in the respective bands; and

Fig. 5 is a block diagram showing the circuitr
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the invention. -

I. Introduction -~ Description of Prior Art Servo Sector

\0
Hh
Q
2]
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As illustrated in Fig. 1, a typical prior art data sector

track on a FBA-formatted disk comprises a servo region i0, an
identification (ID) region 11, and a data region 12. Write-read and ™~
speed field 15 allows time for the drive electronics to switch from
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-write to read. Address mark (AM) field 16 is an asynchronous,

absolute timing reference that identifies the beginning of the servo
sector and provides the basis for locating the other fields. Position
error signal (PES) field 17 contains the informa tion needed to

determine the track position of the recording head.

in ID région 1l,read-write and speed field 18 allows the time
needed to insure that PES field 17 is not overwritten and that
sufficient time is ***"ided for the write current to rise to its full

L1

the vari&ble freguency read clock sufiicient time to phase lock to the

X
upconing ID.a nd CRC field 22. Enccder/deccder (ENDEC) flush field 20
indicates the number of bits the read channel decoder must receive in
order to put it into a known state called .NDEC flush. Sync byte 21
indicates the sync byte needed to align the read bytes on current byte
boundaries. ID and CRC field 22 includes as the ID portion a sector
identifier and bad sector flag and as the CRC portion a cyclic
£

ancy check for errors in the resading of the ID.

In data region 12, fields 23-26 correspond to the ID fields
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Rowever, the function of sync byte f£ield 26 'is
T

ct

o tell the contrcller when the VCO synchronisation and ENDEC flush
end and the real data, which is contained in field 27, begins. Data
and ECC field 27 stores the user data together with the error
correction code. Each data region in a conventicnal sector sarve
system is complietely independent of data regions in the other daﬁa

sectors.

For o more detailed description of the regions 10-12 and fields

15-27, the reader is referred to the referenced related application.
1 . )

I1I. Description of the Invention

ector Servo System for Banded Reccrding on Disk

As illustrated in Fig. 2, servo sector 30, in accordance with the

ly from the conventional sector 9.
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Sector 30 comprises a read-write field 31 having a code constraint
{cC) portion 32 and a speed gap 33 which together provide the

write-recovery function of field 15 of Fig. 1. The code constraint 32

!

consists of bits to prevent the decaying write current from writing

ransition too close to the last data transition. Gap 33, which is to

rt

accountl for timing slop caused by variations in spindle speed of the
¥

disk drive motor;, is inserted between field 31 and a servo start mark

§'é;ror signal (PES)

Mark 34 is at the leading end of the posi

field 35 and marks the start of servo sampling. “Between the end of

¢}

PES field 35 and an optional VCO sync field 37 is a gap 36, again t
account for variations in spindle speed. Following field 37 (or gap
36 if 37 is not used) is a field 38 containing a coding constraint and
s which, for example, for a {2,7) code would be 00. Each of
the fields 32,37,38 are completely written during a write operation;

nd 36 are partially written during a write operation; and

31 a
fields 33 and 35 are written only during a servo write operation.

It will thus be seen that each servoc sector 20 consisis sclely of
bits in PES field 35 containing position information and to each side

nd

[+4]

in fields for controlling the interruption
restoraticn of the writing and reading of data.
Fig. 3 illustrates the various regions or fields on a typical
track 39 of a data sector M. The servo sector 30 is not included
£ T
rS

because it may be inserted anywhere within any ©

indicated by the vertical arrows in Fig. 3. -
As, illustrated, each track 39 preferably contains the following
i
fields: write-read recovery and AGC field 15'; pad fields 42,43,

ot -

which compensate for timing slop; and fields 1&', 18', 19', 22*, 23°,

24" and 27' which, with 15', are essentially similar to the

corresponding unprimed fields in cofiventional sectoer serve 2 of

1y

ig. 1.



either anywhere within the data field 27' or at certain other
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region 22' or immediately after an index mark 52 or address maork 16'
in a data sector M. As shown in Figs. 3 and 4, each data sector H
extends from the leading end of each "other" fields ( which are the
overhead fields) to the end cf the adjacent data region Sl.

It is n&t necessary for each servo sector 30 to start at the AN
16' or index mark 52 For ev very data sector M or that the positions of
the servo sectors be the same for every data sector. Howev ef
formatting will be simplified, if as illustrated in Fig. 4, the first
servo sector in each band starts at the common radial index 52 and
each succeeding servo sector in such band is initiated at successive
locations in equally spaced time increments from said index. Thus, in

P

k 50 the data in each concentric band A-D is clocked at the same

data rate but the data rates and number of data sectors ¥ vary from

those where the ratio between the number of servo samples N

P
revolution and the number of data sectors M in a particular band A, B,
C or D reduces to a ratio of small integers. TFor example, assume
there are 60 servo samples N per revolution; that bands &, B, C and D
have 30, 36, 40 and 50 data sectors ¥ per band, respect
all servo samples ars initiated at index S52. As ncted in Fig. 4, the
ratios of servo samples N to data sectors M in each band are 2:1, 5:3,
3:2 and 6:5 starting from innermost band A. WNote that in each case
W

the servo samples line up either at the AM position 16' or within the
s

Relativgly prime ratios of servo samples N to data sectors M,
such as 50/31, are not desirable since they are likely to violste the
placement constraints. The BM 16' position tends to fall near Lhe
middle of .the gap between data fields 27'; uerce the number of
allcwed combinations would be quite high. If the track does nct have
VCO or AGC sync fields, there are few servo placement restrictions

because only the AM and gap'fields need be avoided; and in such case
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nearly any ratio of servo sample N to data sectors M should be
permissible, except the larger integer in either the numerator or
denominator of said ratio preferably does not eéxceed twice the
reciprocal of those portions of each track not devoted to data fields
or identification fields of the data sectors.

Permissible cowbinations of servo samples and data sectors may b
Wk Y

[}

i
computed is described in the Appendix attached hereof.

The servo system is initialised by locating a servoc sector 30 a
index mark 52 (Fig. 4). As illustrated in Fig. 5, clock generator 6i
generates servo clock cycles which are counted by counter 62. When

v

cunter 62 reaches a preset terminal cocunt correspon
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of servo clock.éycles between each servo sector 30, it sends an enable
signal to a start mark detector 63. Detector 63 then looks for the
start mark 34 of a servoc sector 30. ¥hen start mark 34 is located,
detector 63 generates a start found signal, which is sent to a servo
controller 64 and to counter 62. Counter 62 is reset by the start
found signal and resumes counting. Servo controller 64 then reads the
PES field 35 and other servo information, such as a track ID Gray

m

code, based upon the known timing offsets fro

coentroller 64 then operates in the same manner as a prior art ssrvo

In the preceding description, it has been assumed that spindle
spead control of the disk drive motor is sufficiently precise to
permit completely open-loop operation; i.e., the open-loop counting

cycle is repeated for each servo sector 30 and all the servo samples
. 1

line up at common index 52 at the end of each revoclution of the disk.

I1f speed control timing slop is unacceptable, however, it can be

2 k]

reduced by placing a sync bit into PES field 35 to reset a samgle

3 v ]

timer and thereby update the timer at every sample time.
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Data for read and write operations is processed in the same
manner as in the prior art, with switches 76-72 closed and switch 80
positioned as shown, until a servo sector 30 is encountered. Servo
sector locations are known and stored in a servo location register 74.
Prior knowledge of these serve locations allows data timing and
control circuitr& 71 to make the servo sector transparent to the data
channel. C11cu1t'y 71 allows the data channel to operate in the usual
manner until it receives a servo location signal from a comparator 72.
Comparator 72 generates this signal when the value presented by a
counter 73 maiches the value present at the output of a servo location
register 74. Register 74 contains all the servo sector locaticns fbr“

the various sets of data sectors.

Counter 73 counts VCO clock cycles from a VCO and data separator

&8 during read mode, and counts generated data c;cck cycles from a
:-] b ]

data clock generator 75 during write mode. This insures that the data
timing and control circuitxy 7

1 will interrupt the data stream at the

proper bit boundary.

in response to the servo location signal from _comparator 72, data

ti|1|g and control circuitry 71 opens switches 78 and 79. This
interrupts the VCC cycles and generated data clock cycles to disk data

LY PR

controller 70 and to ENDEC 65. This freezes the states of the disk

ata controller 70 and ENDEC 69, making each sexrvo sector 30

u

transparent to the data channel.

Switch 77 is used only during write mode to put a preamp and

write driver 66 in read wmode to read a servo sector 30. Switch 76 is
AN

openad to prevent detected data from affecting the VCO & This has
the effect of a ¥CO hold. Data timing and control circuitry 71

L ] a

In write mode, switch 77 is closed first to enable writing of the

.
EX
VCC rasync field 37. After fiesld 37 is written, switch 80 is closed.
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another approach is to choose a basic data unit that is of the
same length as the length of the overhead fields. The allowed data
record lengths would then be.integral multiples of the data unit
length. If the servo sector spacing is chosen such that the distance
petween adjacent servo sectors is equallto an integral multiple of the
data unit I%ngth, then the servo sectofs will never lie in disallowed

regions.

VI. Application toc CKD Format

Again, servo sectors are positioned and written at the factory.

ndex

fate

amn

cr

The first data record on a given track is placed to start a
mark, like S2. 1If the next servo sector lies within the write-read

recovery area, pad bits are added to the end of the record to insure

r

hat the next servo sector lies in the data region. If the next servo
. i W

ector lies within disallowed field at the start of the next data

2]

record, then pad bits are added to the end of the current record to
align the next address mark with the next servo sector. This process
is repeated for all sectors on the track. The controller generates
the pad bits during a write operation and extracts the pad bits during
a read operation, thus making said operations transparent to the host.

VYII. Application tc Tape Drives

While the invention has been illustrated as applied to disk
drives, it will be apparent that the invention is equally applicable
to tape drives. In both, the rate at which servo sectors for disk or

In a tape drive, the allowable time separaticn betwsen servo
sections on a track and lengths of associated data sections on the

ape is established such that at least some of the equally spaced

ot

=

ervo sections on a given track are located within a data field of a

[2]

o e

data section and the rate at which the servo sections are sampled is

-

31,

independent of the data architecture used. Like the disk embodiments,
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the reading of a servo section is initiated based upon open-loop .

timing from the preceding servo section. The first servo section on
each track commences at one common track index and each succeeding

servo section is initiated at successive locations in equally spaced
time incremenis from said index. Each servo section consists solely
of bits conéaining position information and to each side therecf bits
for controlling tﬁe-&nterruption and restoration qf the writing and

reading of data. The ratio of servo sections to data sections is

. other than 1:1. At least some servo sections are located anywhere

"within a data field in d“data section:  'At”least some others of the

equally spaced servo sections are within an identification field or

immediately after an address indicating mark.

For a FBA formatted tape, the ratio of the time separation
between Gata sections to the time separation between servo sections

should again reduce to a ratio of small integers. For a CKD formatted

i
tape, it will be necessary to add pad bits as described in Section VI.

In the disk embodiments, the allowable number of servo sectors
+
will be apparent, however, that in view of the constant rotational
speed of the disk, the time between each servo sector is constant.
Hence, in both the disk and tape embodiments, the allcowable time
separation between servo sectors on a track is calculated, though in
the disk embodiment this was expressed as allowable number of servo

sectors on a track.

- A method and means has been described wherein servo sectors
written on a disk {or sexrvo sectio
spaced on a qiven track and read during seek, settle and track
following operations. An algorithm is used to determine the allowable
time separation between servo sectors (or sections) on a track and
lengths of associated data sections, such as data sectors or vari
length records, that may be accommodated on the disk or tape in such
manney that each of the servo sectors (or sections) equally spaced on

i
a given track is located within a data field of a data sector or
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- The minimum allowable ID radius for a band

{¥ x (DB + OB) + N x SB)

bits =
P 1000
!
OH = M x OF + N x SF
bits/ld{x)
r =
OH
2i{i - )
) o
bits
rid(r)=
OH
2n{li - )

2
o

s then g

1
i

ven by



o4

a constant,

(0]
4J
ord
o
“D A
] "
~~
-
L
H Y

—
o3 F4
" Q
1
ot ]
Lm L]
b et
= M
™~ .
+ 1
o~
0
i
e
- .
39 e N
] [
[
..u . 1 .
- o n _
] +
34
\.H €
.lm ] -l
~—~ - N
& o)
3 e
3
nJ
=
1

3



0
22
g 3

o]
Moua
o) o
g 0O
[T ]
(Y .
QO o
[
L B ]
I}
R
L]
- 0O
1]
0n 9
[~
|72

) il
@ -~
i o P
0 U
@ ‘%
‘c O
>~ w
= 3
i)
=
]

dens

Linear

sually the
therefore &<0 and B>0.

~

O

data

-

0 and

increasing

f servo seciors 3

us
iaons O

nds
o
’

Dan

L

n allowablie ID radius is less than or egual Lo

th this

ing wi

ip between the posit
the allowed

.

.
ine

ionsn

ields the smaller radius {the negative root occurs whers

Lart

wiose minimug

term

S

ic ¥y
de

To

5

rcumiference of the track).

uadrat

the decreasing linear density is compensated for by the
ci

sectors M must be comput

actual relaé

et

{ Thus,

39
(4]

1 and repe

- P DTy o Al o omde i o~ s
not, decrease the sector count by

~
OD.

sectors
Id

~
v

A

s
3

i

il the minimum
and

£ unti

, of wh

-

i and repea
r than or egual {o the &

[ data sectors per b

)

nan

2
-

ilowing nuupers o

ater L

b
the fo

s
4

ncrease the sector count by
-

to O without success, there is no allowable ID band under
give

these conditions.

is gre
{Aga
3s, 36,

i



»

THIS SHEET Ha
. S BE
h‘N““““‘-~*h_‘ﬁﬁ_ ' M. REPLACED EN
—e
\%

g g

17
P

CLATHS

124

parallel tracks, eac

L]

i. & data recording medium having a series o

track being divided into a sevies of data portions and having a series
e
-

0]
r
4
]
[¢]
”
[
o
(0]
£
o
fu
E:l
£
|28
[0]
| 2
=3
[Te]
£
[¢]
<
£
L
PJ
[

of servo portions recorded along th

o
(o}
o
§J
o
[a
=2
[]
o
2]
]
0
b
w
o+
[»}
3
1]
H
1]
o
o7}
o
=]
[s7]
ot
=3
®
0
1]
]
<
Q
o
[s]
2]
o
Y-
o]
=
7]
o
Q
o
1]
:
o
e}
1]
[oN]

Py

charactéfiSép in that the servo portions are spaced so that they can

e
ions of the servo portions

N
4
]
i
[a73
e
£
b=
o
[¢]
(4]
[s)
i
£y
e
of
[Ts}
34
(o]
2]
’-l
o
fute
=
Joa
5
-
e
[¢]
-
™
n
tn
rr
=
1]
h
o)
o]
rh
a
£
e
n
4]
~
ck
or
(]

c
(]
st
=

0
v
[l
H
<
(o]
(7]
1
Q
(ol
o
9]
/]
n
o]
]

0]
1]
=2
]
-
1]
Q0
=
o
’—J
[s1}
[
14
~
[
=
[¢]
[1]
w
H
i
0
]
tt
o1}
o
®
/]
(7]
[¢]
(a0
H
]
[N
P- »
[
0

4, A data processing apparatus for reading data from and recording

data on a recording medium as claimed in claim 1, 2 or 3, the

troller 70 for supplying data to be
written or for receiving data which has been read, a recording and

he servo controller 64

sector
~ - de o - =3 T R ¥ Ty - P R - | - Vo 2 e Lonve .
3. A data processing apparatus as claimed in claim 1 further
s s :
comprising data timing and control means 71 to time the supply of data

to or from the recording and reproducing head
represents a count which corresponds to the location of a servo

portion registered in the servo locaticn register 74.
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