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DATA RECORDING MEDIU"~ rum DATA RECORDING JU;'D REPRODUCilm APPARATUS 

This invention relates to methods and means for providing and 

sampling servo portions on ·a movable recording medium, and more 

particularly relates to such a method and means wherein the rate at 

which servo srctors are sa.~pled on a disk file or servo sections are 

sampled on a tape: dri'd'e is independent of the data architecture used. 

Our copending European Patent Application Number 

based en US Patent Application No 07/466195 and filed concurrently 

herewith discloses a method and means for increasing the servo sector 

saiupling rate in a disk formatted in a fixed block architecture (FBA), 

such increase being effected with a rninirnal increase in the overheud 

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

·sectors which contain all servo and associated overhead information. 

However, micro servo sectors are inserted in the data fields between 

the conventional servo sectors to provide short bursts of servo 

information. These micro servo sectors contain a small portion of the 

overhead infcr.natiOn, only sufficient to provide position information 

and to control the temporary interruption and restoration of the write 

current and the data strea..u and clock input to a data encoder/decoder. 

Because the servo bursts are short, no resynchronisation of the VCO is 

necessary after each burst. These micro sector bursts are used only 

during settling (since they contain·only position error signal data) 

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 techni-que desirably provides high .. sa..1.ple 

rates with minimal overhead in disk files using a sectored serve 

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

I 
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 recording is 

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

band of radii, but varies from band to band l:o minimise the range of 
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linear 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 swuple rates. 

Also, seeks across bands and settles at band edges would require 

constant updhting of the sample rate, and timing of the servo saiuples 
~ 

would vary. · 

There is a need for a recording technique, transp~rent to the 

user, useful·for both non-sectored and sectored disk and tape formats,. 

wherein servo sa..-nple rate is constant and is independent of the data 

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

devoted to servo information. 

According to the present invention there is provided a data 

recording medium having a series of parallel tracks, each track being 

divided into a series of data portions and having a series of servo 

portions recorde~ along the track, the medium being movable to 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 sa.7.pled at a constant rate but the positions cf the servo portions 

relative to the data portions vary along the tracks. 

Further according to the present invention there is provided a 

data processing apparatus fer recording data from er recording data en 

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

apparatus comprising a data controller for supplying data to be 

written or fer receiving data which has been read, a recording an-a 

reproducing head for reading from and writing in the tracks on the 

recording medium, a servo controller responsive to the servo portions 
I 

to control the position cf the head, counting means 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 al least one rotatable disk, a recording and 
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reproducing head for recording data on and reading data f rcm circular 

tracks on the disk, each track including data sectors to acconunodate 

recorded data and servo sectors to accorr.modate sei-vo information, a 

servo controller to position the head with respect to the tracks en 

the disk by reference to the servo information, characterised in that 

the servo seJtors on the disk are equally circumferentially spaced 

along each o~ the· tr~~s and the number of data sectors in each track 

varies according to the radial P?sition of the track whereby the 

positions of the servo sectors relative to the data sectors vary along 

each track according to the radial position cf the track. 

Fig. 1 ls a diagram, not to scale, showing the regions and fields 

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

conventional sectored FBA; 

Flg. 2 is a dlagram, also not to scale, of a servo sector 

according to the invention; 

Fig. 3 is a diagra...~, also not to scale, of a data sector into 

which at selectable locations the servo sector may be inserted; 

Fig. 4 is a 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 nwnbers of data sectors per 

band, and the servo sector locations in the respective bands; and 

Fig. 5 is a block diagra..-n showing the circuitry fer implementing 

the invention. 

I. Introduction Description of Prior Art Servo Sector 

As illustrated in Fig. 1, a ti-pical prier art data sector 9 for a 

track on a FBA-formatted disk comprises a servo region 10, 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 {A1'1) 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 information needed to 

determine the track position of the recording head. 

In ID region· 11.,--read-write and speed field 16 allows the time 

needed to insure that PES field 17 is not overwritten and that 

sufficient time is provided for the write current to rise to its full 

value. VCO synchronisation (VCO sync} field 19 is required to give 

the variable frequency read clock sufficient time to phase lock to the 

upcoming ID and CRC field 22. Encoder/decoder (ENDEC) flush field 20 

indicates the number of bits the read channel decoder must receive in 

ord~.r to put it into a known state called ENDEC 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 

redundancy chSck for errors in the reading cf the ID. 

In data region 12, fields 23-26 cor'respond to the ID fields 

18-21, respectively. However, the function of sync byte field 26·is 

to tell the controller 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 cede. Each data region in a conventional sector serve 

system is completely independent of data regions in the other data 

sectors. 

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

iS-27, the reiader is referred to the referenced ri:ilated application. 
I 

II. Description of the Invention 

Sector Servo system for Banded Recording on Disk 

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

invention, differs significantly 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 a 

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

accoun~ for timing slop caused by variations in spindle speed of the 
1 

disk drive motOT·i· is inserted between field 31 and a servo start mark 

34 • 

1 3 • · h 1 d · d " ... \. · t; ,..· · · · · l ( ) Martt. ... is at t e ea ing ~.n o.. .. .. e pos1,~9 ·?:r;;,ror signa PES 
::.·:.:.;.·. 

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 to 

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 

sync bits which, for exa..~ple, for a (2,7) code would be 00. Each of 

the fields 32,37,38 are completely written during a write operation; 

fields 31 and 36 are partially written during a write operation; and 

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

It will thus be seen that each servo sector 30 consists solely of 

bits in PES field 35 containing position information and to each side 

thereof bits in fields for controlling the interruption and 

restoration 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 

because it may be inserted anywhere within uny of the locations 

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, 

which compensate for timing slop; and fields 16', 18 1 , 19', 22', 23', 

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

corresponding unprimed fields in conventional sector servo 9 

Fig. 1. 
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Servo sectors 30 a~e written at the factory and are inserted 

ell:.her anywhere wlthin the data field 27' or at certain other 

prescribed positions in each data sector M, such as the ID/CRC field 

22 1 or ECC portion of field 27'. However, fields 22' and said ECC 

portion of field 27' are so small compared wlth the length of the data 

portion of field 27' that only a small gain in nurr.ber of permissible 
~ 

sa.-nple positions wo~J..d be achieved. As a practical matter, therefore, 

the servo sectors 30 preferably should be inserted anywhere in the 

data portion of field 27' or else immediately following Ai·l lo' . · 

The servo sectors 30 shouid not be inserted in the sync fields 

19' or 24' because the VCO is then attempting a phase or frequency 

lock, resulting in an unpredictable drift over a servo sa.uple. Nor 

should servo sectors 30 be inserted in fields 15', 18' or 23' ... \...; ... \... 
ll'W&&.L .... .1.1 

are requlred for channel recovery or in pad fields 42,43 used to 

accommodate timing slop. 

l rt 
0 , 

It will be appurent that, if the servo sw~ples occur at ""'""- 7\,. l...l&'C n.&'& 

then CC field 32, W-R field 31 and gap field 33 are not required; 

and since pad field 42 would then follow the servo sa.Tople, VCO field 

37 and CCSB field 38 are not required either. Although eliminating 

these fields by starting the servo samples at AM 16' desirably lowers 

the overhead, it probably is not sufficient enough to offset the 

advantage of having a~l the servo sectors be of identical length. 

banded recording, especially, all servb sectors should be identical so 

that the servo system will operate independently of the banding. 

4 depicts a disk-SO formatted in FBA as banded sectors. 

servo sectors 30 in each respective band A-D are written at equally 

circumferentially spaced intervals and are sampled (i.e., read) during 
i 

seek, settle. and track following operutions. An ullowable nlliT~er of 

servo sectors per· revolution and the lengths of associated data 

regions 51 on disk 50 is calculated such that each of the equally 

spaced servo sectors 30 on a given track is located uny~here within 

either a data field 27' of a data reglon 51 or an identiflcation 
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region 22' or immediately after .an index mark 52 or address mark 16' 

ln a data sector M. As shown in Figs. 3 and 4, each data sectoi· M 

extends from the leading end of each "other" fields (which are the 

overhead fields) to the end cf the adjacent data region 51. 

It is n~t necessary for each servo sector 30 to start at the AM 

16' or index mark 52-for every data sector M or that the positions of 

the servo sectors be the sa.~e for every data sector. However, 

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 

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

data rate but the data rates and nu.."llber cf data sectors M vary from 

band to band. 

Not all combinations of servo sa.uple rates and nu.T.bers of data 

sectors ?·i per band are permissible. Permissible coir.binations are 

those where the ratio between the number of servo samples N per 

revolution and the number of data sectors M in a particular band A, B, 

C or D reduces to a ratio of small integers. For exa."llple, assume 

thei;-e are 60 servo samples N per revolution; that bands A, B, C and D 

have 30, 36, 40 and 50 data sectors M per band, respectively; and that 

all servo· sa.~ples are initiated at index 52. As noted 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. Note that in each case 

the servo sa.."nPles line up either at the AM position 

data regions 51 for all sectors ln ail bands. 

1 C: I 
.LV er within the 

Relativqly prime ratios of servo sa."'llples N to data sectors 1-1, 

such as 60/31, are not desirable since they are likely to violate the 

placement constraints. The AM 16' position tends to fall near Lhe 

middle of .the gap between data fields 27'; her1ce, the number of 

u.llc~·:ed cow.binations would be quite high. If the track does net huve 

VCO or AGC sync flelds, there are few servo placement restrlctluns 

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 nwuerator or 

denominator of said ratio preferably does not exce.ed twice the 

reciprocal of those portions of each track not devoted to data fields 

or identification fields of the data sectors. 

t 
Permissible coll'~~nations of servo sa.."llples and data sectors may be 

computed is described in the Appendix attached hereof. 

III. Implementation of the Invention 

The servo system is initialised by locating a servo sector 30 at 

index mark 52 (Fig. 4). As illustrated in Fig. 5, clock generator 61 

generates servo clock cycles which ai;_~ coµnted by counter 62. When 

count~r 62 reaches a preset terminal count corresponding to the number 

of servo clock cycles 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 servo sector 30. When 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 r~set 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 

code, based upon the known timing offsets from start mark .... 
.:> ... Servo 

controller 64 then operates in the sasT.a manner as a prior art servo 

controller using the PES to control an actuator (not shown). 

In the preceding description, it has been assu.Tied that spindle 

speed control cf the disk drive motor is sufficiently precise to 

permit completely open-loop operation; i.e., the open-loop counting 

cycle is repepted for each servo sector 30 and all the servo sa.Tiples 

' line up at corn.Toon index 52 at the end cf each revolution cf the disk. 

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

reduced by placing a sync bit into PES field 35 to reset a sa.n~le 

timer and thereby update the timer at every sa.T.ple time. 
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Data for read and write operations is processed in the same 

manner as in the prior art, with switches 76-79 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 ., . , ... 
Prior knowledge of these servo locations allows data timing and 

control circuitr~ 71 to make the servo sector transparent to the data 

channel. Circuitry 71 a~lows the data channel to operate in the usual 

manner until it receives a servo location signal from a comparator 72. 

Comparator 72 generates thls signal when the value presented by a 

counter 73 matches the value present at the output of a servo location 

register 74. Register 14 contains all the serve sector locations :f"cr .. 

the various sets of data sectors. 

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

68 during read mode, and counts generated data clock cycles from a 

data clock generator 75 during write mode. This insures that the data 

timing and control circuitry 71 will interrupt the data stream at the 

proper bit boundary •. 

In response to the servo location signal from comparator 72, data 

timing and control circuitry 71 opens switches 78 and 79. This 

interrupts the VCO cycles and generated data clock cycles to disk data 

controller 70 and to ENDEC 69. This freezes the states of the disk 

data controller 70 and ENDEC 69, making each servo sector 30 

transparent to the data channel. 

Swltch 77 ls used only during write mode to put a preamp and 

write driver 66 in read-mode to read a servo sector 30. Switch 76 is 

opened to prevent detected data from affecting the VCO 68. This has 

the effect of a Vf=O hold. Data timing and control circuitry 71 

maintains switches 76-00 as positioned in Fig. 5 for a fixed time 

period until field 37. Switch 80 is used only during write mode to 

\'1rite VCO resync field 37 and code constralnt field 38. 
· .... 

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

VCO rasync field 37. After field 37 is written, switch 80 is closed. 
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In read mode, switch 76 is closed first to allow VCO 68 to 

resynchronise to the data. Switches 78 and 79 are closed when the vco 
resync field operation is completed; i.e., is either written or read. 

The value in servo location register 74 is then updated with the 

location of the next servo sector 30. The channel again functions in 

the.same man4er as a prior art data channel until the next servo 

location signal is g·erierated by comparator 72. 

The data and servo sectors work in concert such that the data 

channel is prepared for each servo sector 30 without requiring an 

address mark for that sector. To locate each servo sector only a 

servo start mark ., .. ....... , which muy be us short as 1 bit, is required. 

Each servo sector 30 can be located by open-loop timing from the 

previous servo sector and without any knowledge of the lengths or 

positions of the data sectors • 

. IV. Application to Constant Linear 

Density (CLO) Recording 

It will be understood that· the sector servo system for CLD 

recording is essentially the same as described for banded recording, 

except that the clock frequency changes at each track and the length 

of each dutu sector will chunge from track to track. The rnunner in 

which the permissible combinalions of servo sample rates and number 0£ 

data sectors per track is computed is by an obvious modification o: 

the u.lgoritl""uwn de_scribed in the Appendix for banded recording. 

V. Application to FBA Format 

A plural.j.i:y of servo sectors are positioned and written at Lhe 

factory. They are circumferentially spaced from each other on each 

track by an equal angle, which corresponds to a constant time 

separation. Since the data timing does not change in the FBA fo1u1at, 

the ullowed combinations of number cf servo sectors und nlliT~er cf data 

:;eci:ors per track may be computed in the same manner as described .:.:: 

the Appendi:..;: for calculation of the allowed bands foL banded 

recording. 

.· .. -... 
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Another approach is to choose a basic data unit that is of the 

sa.~e 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 

between adjacent servo sectors is equal to an integral :multiple of the 

data unit lJngth, then the servo sectors will never lie in disallowed 

regions. 

VI. Application to CKD Format 

-·:.-,. 

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

The first data record on a given track is placed to start at an index 

mark, like 52. If the next servo sector lies within the write-read 

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

that the next servo sector lies in the data region. If the next servo 

sector lies within a disallowed field at the start of the next data 

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 fer 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. 

VU. Application to 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 fer disk er 

servo sections for tape are sampled is independent of whether the disk 

or tape is formatted in FBA or CKD architecture. 

In a tape drive, the allowable time separation between servo 

sections on a track and lengths of associated data sections on the 

tape is established such that at least some .of the equally spaced 

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

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

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 increments from said index. Each servo section consists solely 

of bits ccntlaining position information arid to each side thereof bits 
r . 

for controliing the--:i:nterruption and restoration of 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 

wlthin a data field in a ··data section:· ·At. least some others of the 

equally spaced servo sections are within an identification field or 

iuun.ediately after un address indicating mark. 

For a FBA formatted tape, the ratio of the tlme separation 

between data sections to the time separation between servo sections 

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

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

In the disk embodiments, the allowable number of servo sectors 

per revolution was calculated for each track or band cf tracks. It 

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 ew.bodirnents, the allowable time 

separation between servo sectors on a track is calculated, though in 

the disk embodiment this was eA-pressed as allowable nwnber of servo 

sectors en a track. 

A method and means has been described wherein servo sectors 

written on a disk (or servo sections written on a tape} are equally 

spaced on a ~iven truck and read quring seek, settle and track 

following operations. An algorithin is used to determine the allowable 

time separation between servo sectors (or sections) on a track and 

lengths cf associated data sections, such as data sectors er variable 

length records, that may be accommodated on the disk or tape in such 

manner that each of the servo sectors (or sections} equally spaced on 

a given track is located within a data field of a data sector or 
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within an identification region or immediately after an address 
indicating mark (such as address mark or index murk). The rate at 

whlch the servo sector (or section) is sampled is constant and 
independent of the nurr~er and lengths of the data sections. As a 
result cf this independent relationship, this technique is suitable 

for CLD recordir~, to banded dlsks uslng secLored servo as in 

conventional FBA,' and also even to non-sectored architectures, such as 
count-key-data (CKD), wherein the data is written in records cf 

variable length, and to tape drives formatted ia. FBA or CKD . 
·=-· 

APPE?IDIX 

Computation of Permissible Serve Sa..~p~e to Data 

Se·ctor Con.binations for Banded Recordir.g in FBA Format 

Assuming inltlally Lhat the allowable linear density as a 

function of radius is known, the various fields are broken down into 
those portions which scale with linear c1enslty and lhose whlch do not. 
All references to bits are in message (non-encoded) bits; and the 
linear density unit·s are kbprnrr, (kilcbitS. per millimeter), also message 

blts. Assume furlher lhat 

DB = nurr~er of data bits per sector (s&tte for all bands for 
banded recording) 

SB number of servo bits (data rate dependent· portion) 
SF fixed length portion of servo in µs 

CB nurr~er of bits in other fields (duta rate dependent 

portion) 

OF = fixed length portion of other fields in i.iS 

P rotatibnul period in µs (i.e., l/rpm) 

N number of data sectors in a band 

N nurr~er of servo samples per revolution 

linear ·density in kbpnim, where r··is the ru.dius in rr.rn 

OH flxed overhead 

.. ·~ 
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The minimum allowable ID radius for a band is then ~iven by: 

(M x (DB + OB) + N x SB) 

bits 

1000 

l 
-·- ? 

OH ivi x OF + N x SF 

... 

bits/ld(r) 

r = 
OH 

21L( 1 -

p 

bits 

rld(r)= 

OH 

21L( 1 -

p 



Where ld(r) is a constant, 

ld(r) 

r 

2Bn.{1 -

"" vn 

p 

and where ld(r) is linear: 

ld{r) ll.r ·+ B, 

2 

-B + JB + 

I 
I. 

r= 

15 

4Abits 

OH 

2Bll(l-
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Usually the linear denslty decreases with increased radius, 

therefore A<O and B>O. In this case, the positive root of the 

quadratic yields the smaller radius {the negative root occurs where 

lhe decreasing linear density is compensated for by the increasing 

circumference of the track). 

Once t~e min1mum allowable ID radius has been computed, the 

actual relationshi~-~etween the positions of servo sectors 30 and data 

sectors t-1 must be computed to determine if the band is valid; i.e., 

that the servo sa.~ples N occur only in the allowed positions. 

To determfoe" the allowed bands: 

' ..... Choose a servo sample rate. (For example, GO.) 

2. Compute the band with the greutest nurr~er of data sectors, 

whose mlnlmu1ir allowable ID radlus ls less than or equal lo 

the disk ID. (For e:,euTaple, assurr1e the result is 31 data 

sectors.) 

3. Starting with this band, check i.o see if it is valid. If 

not, decrease the sector·count by land repeat. (Thus, 

decrease from 31 to 30.) Note thut if the sector count gees 

to 0 without succe::;s, there is no allowable ID band under 

these conditions. 

4. Start with the first bund ~hOse minimum ullowoble·ID radius 

ls greater than the disk ID. (This could be 30 data sectors 

as a result of the example used for step 3.) 

P. See if the bond is valid, if ~v, add it to the list. 

I I , . ... ... 
. -~ 

Increa::;e the sector count by 1 and repeat untll the minimum 

allowable ID radius is greater than or equal to the disk OD. 

(Again, using the exaa~ple from the prier steps·, step 5 could 

glve the following numbers of data sectors per band: 30, 

35, 36, 40, 42, 45, 40, SO and 54, of which for s.iiuplified 

illustruticn only four, A-D, are shown in Fig. 4.} 
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1. Auala recording medium having a series of parallel tracks, each 

track being divided into a series of data portions and having a series 

cf servo portions recorded along the track, the medium being movable 

to enable the tracks to be read and the servo portions to be sampled 

characterise~ in ·that the servo portio_ns are spaced so that they. can 

be sa.-npled at a constant rate but the positions of the servo portions 

relative i:o the dala portions vary along the tracks. 

2. A medium according to claim 1 which is in the form of ~ disk, the 

data portions each constituting a data sector and the servo portions 

belng servo sectors spaced al equal dlstances regardless of radius • 

. 3. A medium according to claim 1 which is ii. the fm.-m of a tape, the 

datO portions each constituting a data sectiOn. 

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

data on a reco~ding mediu..n as claimed in claim 1, 2 or 3, the 

apparatus comprising a data controller 70 for supplYing data to be 

written or for receiving data which has been read, a recording and 

reproducing head for reading from and writing in the tracks on the 

recording medium, a servo controller 64 responsive to the sarvc 

portions to control the position of the head, counting means 61, 62 to 

count the interval between servo portions, the servo controller o4 
bei~g enabled by the counting means ut the beginning of each servo 

sector. 

5. A data processing apparatus as claimed in claim 1 further 

ccmprising data timing and control means "71 ' ... to time the supply of duta 

to or rezrdlng of data from the recording and reproducing head, a data 

counter 73, a servo location register 74 and a comparator 72 which 

aignals the data timing and control 71 to interrupt the strea..." cf data 

to or from the recording and reproducing head when -the data counter i3 

represents a count which corresponds to the location of a servo 

portion registered in the servo location register 74. 
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6. A data processing apparatus as claimed in claim 4 or 5 wherein a 

start mark detector 63 detects a start mark at the start of each servo 

portion. 

7. A data processing apparatus as claimed in claim 5 wherein the 

data counter 73 is coupled to a data clock generator 75 to count data 

clock cycleJ durfn;.a write mode and is coupled to a data separator 68 

to count data cycles-from the recording medium during a read mode. 

8. A data processing apparatus as claimed in claim 4, S, 6 or 7 

arranged to read data from or record data on u recording medium in the 

form of a disk formatted to accommodate data sectors the first of 

which on each track starts at a common radial index. 

9. A dntu processing upparutus according to claim 8 nrrunged to ~ead 

data from or record data on a recording medium in the form of a disk 

formatted in concentric bands of tracks wherein the data within each 

band is clocked at ·the same data rate but the data rates and nu~.ber of 

data sectors varies from band to band. 

10. A-disk file comprising at least one rotatable disk SO, a 

recording and reproducing head for reccrd_ing du.ta on and reai!.ing do.tu. 

from circular tracks on the disk, each trc1ck including data sectors to 

accorriinodate recorded data and servo sectors to accommodate servo 

inforrnrition, a servo controller 64 to position the head with respect 

to l:.he tracks on the disk 50 by reference to the servo information, 

characterised in that the servo sectors on the disk are equally 

circumferentiully spaced along each of the trucks and the n~~iber of 

data sectors in each track varies according to the radial position of 

the track whereby the positions of the servo sectors relative to the 

duta sectots v~ry ulcng euch truck uccording to the rudiul position of 

the !:.rack. 


