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1= NETH(I) AND APPARATUS FOR SERVO PCSITICH NE I N A DI RECT ACCESS STORAGE

_DEVICE The present invention relates generally to an actuator positioning
system in a direct access storage device (DASD) and nor m ly to a
tBleantl@ acsérvo posi tioning nmet hod angd appar at us ”é ﬁi narr ow
tr in a disk file. Conputers often include auxiliary nmenory -
st VI ng nedia on which data can be witten and from which data
can e rea or | ater useMSTHRQRAND APRARATOP FOR ERNVR R eacked, commonly

rotated rigid mag- netic di skwoacorancsl ABCESSSFTORAGN DEVIGE( a i n - nagnetic
formon the disk '

The pressnt invention relates generally to an actuator positiening
S system in a direct access storage device (DASD) and more particularly to
a phase modulated serve positicning method and apparatus for use with
narrow transducer heads in a disk file.

Cemputers often include auxiliary memory storage units having media
10 on which data ean be written and from which data can be read for later
use. Disk drive units incorporating stacked, conmonly roteted rigid mag-
netic disks are used for storage of data in magnetic form on the disk
surfaces. Data is recorded in concentric, zadially spaced data
information tracks arrayed on the surfaces of the disks. Transducer
15 heads driven in a path toward and away from the drive axis write data to
the disks and read data frem the disks.

All DASD units nust have a method to position each data head over
the preper radial location to writa a track and again, to position it
20 very clese to the same locatien to read the track. With the higher level
files using a veice coll type of actuator, a feedback mechanism nmust be
provided to locate and stably hold the heads on a given tzack.
Typically, track accessing and track following are provided utiliring a
nmagnetically written pattern in the DASD unit. A dedicated serve syaten
25 exploys one surface of one of the disks in the DASD on vwhich to have all
" the tracking and access information. A sector perve system usas small
portions of tzacks batween each or between sevaral sectors on each track
of each data surface to providse the tracking and access information. A
hybrid servo system uses both to eobtain advantages of sach type of servo,
30
Magneto-zesistive (MR) heads are a great advancement in zread/write
technology fox DASD. One of the key advantages of MR heads is the use of
separate alamsnts for reading and writing. This allows the writing
elemant to be wide, almost a full track piteh in width, and the reading
35 element to be narrow. This write wide, read natrow capabilicy eases the
track misregistration (TMR) reguirements on the serve system by
sffectively increasing the width of the soft-erzor rate (SER) bathtubs by
the difference in widths between the read and write elements.

40 Sexvo tracks are typically written on a 1/2 track piteh. A
traditicnal phese pattern is written so that the phase of each burst
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4r f aces. rded _in concentric, radially spaced data I nformati o

‘racks arra fm'jig ' mﬁ%s of the dISkS Transducer heads driven in a

at h* towar d he drive axis wite data to the disks and read
ata iron th SD units nust have a nethod to position each
ata.head over the proper radial location to wite a track and again,

ositionit v t
hi gher | evel ? Qél ntg‘gﬁl"v]’ou g@?&#ﬁ%‘ﬁg&o? actgg‘fét’)érq a fgéﬁ%%{%n‘ él‘iek
'rrechanl sm musyPes> She\nhase is agvaneed im utabwnﬁol andhzetasdad ionDurst dan 1
track. Typicahl dhisl t%ﬂpmm&s&ﬂa%ﬁelﬂ ANl tardt 2 RhaNgeicdS degrees

utilising a iRanglhCally Widd Shdtdh! Cmilil habdS chat2 ¥el parR 63 B

serve syste
s written with a 80 Mhz cloeck. In this case the 5 Mhs period consists of

16, 80 Mhx clocks and the phass of each burst is changed by one bit for
sach saervo track written. Then the difference in phase between the
bursts repeats in eight servo tracks. The eight serve tracks written on
a 1/2 track pitch correspond to four date tracks or cylinders.

10
. To optimize the SER, a reading transducer width that is less than
50% of the track pitch is resguized. With reading elements less than the
width of a single sexrvo track, pesition linearity becomes unacceptably
poor with the conventional 1/2 tzack pitch serve tracks. Linearity error

18 can bs improved by writing narrower tracks. For sxample, the phase
pattezrn written on a 1/¢ track pitch would provide acceptable positien
linearity; however, this would double the time zequired for servo writing
and would be prohibitively expensive for a sector serve file.

30 IZ a conventicnal serve pattern is writtea on a narrow track pitch,
for exanple, 3/8 track pitch, the position linsarity requirements will be
satisfied, but the pattern will repeat in three data cylinders instead of
four. This means that the position error signal (PES) extends +/-1.%
tracks instead of +/-2 tracks. before the Pés repaats. When seeking, this

25 S0% loss in range is significant. Sesk valocities can be as high as &0

. " oxr 50 tracks/saxple. This memns that position must be estimated 50 txac-
ke away: thezrefore, the PES errer must never bs greater than 1.5 tracks
out of 50, or 3%, If the error is greater than this ameunt, the
estimator algorithm may converge on the wrong position and velocity and

30 be off by modulo three tracks. As a result 2 conventional servo pattern
with a narrow track pitch pattern is unucceptable.

It is a principel object of the present invention to provide a

phase modulated servo method and apparatus for use with nc::w transducey
as heads,. '

In brisf, the cbjects and advantages of the present invention are
achieved by a phase modulated servo method and apperatus to provide
acceptable position linearity for servo positioning with a parrow

40 transducer head in a G@isk £ile. The digk file includes at least cne disk °
mounted for rotation sbout an axis and the digk has at least cne disk
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he'tracki ng PREhEE R TRer t|on A sector servo system uses snall
portlons of tr ach or between several sectors on each track of
each data surfE’!Eﬂ mm the tracking agd access information. A hybrid
serva systemu ta| n advant ages of each type of servo,

Magnet o-resi stive (MR) heads are a great advancenent read/wite technol o

for DASD. OnesurfacecfeE ptamingfatm and hagrs (Frapaducer mounted: 5y noyempny; scross
el ements for ll-.ﬁichili!i i\iﬁn\wlfdrﬂﬂtiﬂht&oaud)\ﬁrw Zaty) aplicaixvo pattazns

harrow This 4P oty GO plttes, ng) aBanr SAudlS Fbdplpplt b 1°
m sregi strati eeigel WRhmensyui Traneend edemank chasca width steem than the write alement
5 and the read element width is less than 1/2 of a data cylinder. A sexrvo
pattern is written on the data disk surface having a track pitch of less
than 1/2 of a data cylinder and the servo pattern repsats in a niect:od
binary nunber of data cylinders.

10 The present invention can best be understeod frem the following
detailed dascription of embodiments of the invention illustrated in the
drawing, wherein:

FIG. 1 is a schematic and block diagram of a data storage disk
1B 2ile;

FIGC. 2 iaa dng‘n'in' showing the accessing mechanism for a single
disk surface of the apparatus of FIG. 1; .

20 FIG. 3 is a block diagram representation illustrating apparatus fer
earrying out a serve positioning method in the data storage disk file of
_FI18, 1; angd’ '

FIG. ¢ is a chazt iuuitrétzug a uive pattern written on 1/3 track
25  piteh.

in FIG. 1 there is shown a partial schematie block diagram of parts
of a data storage disk file 10 including a date storags medium generally
designated as 12 and a control unit generally designated as 16¢. In the
30 prefexred embodiment of this invention, the data storage medium 12 is
exibodied in a rigid magnetic disk drive unit 12, although other
mechanically moving memory configurations may be used. unit 12 is
illustrated in simplified form sufficient for an undarstanding of the
present invention because the utility of the present invention is not
3% limiced to the detalls of a particular drive unit construetien.
Referring now to FI1GS. 1 and 2 of the drawings, 4isk drxive upnit 12 °
includes a stack 1§ of Aisks 18 having at least cne magnetic surface 20.
The disks 18 are mounted in parallel for simultanecus rotation on and by
© an integrated epindle and motor assembly 26. Data information on each
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ffectlvely increasing the width of the soft-error rate (SER) bat ht ubs by

he’ di fferencﬂalslsnedt\ﬂsktmaa lawsden the read and wite el ements. Servo tracks
re typically 2 track pitch. A traditional phase pattern is

itten*so tham! each bur st & changes 22.5 degrees for each
Written servo or |ncrea5| ng track types, the phase I s advanced in
bursts 1 and 3 and ret arded in burst 2. In this fashi e ase ge%g?n'
burst 1 and mlbtlﬂz‘!'ﬂaﬂ’ﬂjés“ﬂ%e‘@?’é’&nf'ﬁr%&cﬁ‘s”ﬂ 'RF&"H‘@n.. i
mreans that agavable acress the disk surface 20.

Transducer heads 28 are meounted on flexure springs 30 carried by -

5 aris 32 ganged together for simultanecus pivotal movemsnt about a support

spindle 3¢. One of the arms 32 includes an extension 36 driven in a

pivotal motien by a head drive moter 3B. u:hauyh several drive

arrangements are commonly used, tho motor 38 can include a voice eeu
moter 60 cocperating with a magnet and core assembly (not seen)

10 oparatively eent:eliua for moving the transducer heads 38 in synchrenism
in « radial direction in order to positicn the heads in registration with
data infermation tracks or data cylinders £2 to be followed and access
particular data sectors 44. Data storage disk file 10 is a modular unit
including a housing 46. The various components of the disk file 10 are

15 controlled in cperation by signals genarated by conmtrol unit 14 such as

sotor contzrol signals on line 26A and position control signals on line
3“. * ! ) :

Numerous data infermation tracks 42 each at & specific radial
80 location are arzayed in a concentric pattern in the magnetic medium of
each disk surface 20 of data disks 18, A data cylinder includes a set of
corresponding data information tracks 42 for the data surfaces 20 in the
data storage disk file 10. Data informatien tracks 42 include a
pluralicy of sepments or dats ssctors ¢4. each containing a predefined
a5 size of individual groups of data records which are saved for later
. ratrieval and updates. The data informatien tracks 42 are disposed at
predetermined positions relative to a serve reference index. 1In FIG. 2
ene sector 44 is illustrated as SECTOR 0 with a fixed index or mark INDEX
for properly locating the first data sector. The location of each next
30 sector 44 is identified by a sector identification (SID) pulse read by
transducer heads 28 from surfaces 20,

Ro!o-::iag to FIG, 3, there is shown a circuit diagram illustrating
. phase modulated sezve apparatus for carrying ocuc the phase modulated
3s servo method of the invention generally designated by the reference
' pumeral 50. Apparatus 50 includes a sexve channel includiag a dedicated
sexvo surface 20‘ shown together with a dedicated serve transducer head
38’ coupled to a serve preanplifier (SPA) S2, an automatic gain control
(AGC) 54 and a serve identificatien (SID) filter S6. A data channel
40 includes a data transducer head 28 disposed adjacent a data suzface 20,
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MHz pattern can be witten with a 80 MHz clock. In this case the 5 M_é?ﬁﬁzgs,#m/i

period consists of 16, 80 MHz cl ocks and the phase of each burst is changed
by one bit for each servo track witten. Then the difference in phase

bet ween:t he bursts repeats in eight servo tgBacks. The eight servo tracks
mitt.en on a 1/2 track pitch correspond to four data tracks or cylinders.

To optimze the SER . a readjn ransducer wi dth th 1S h 09

Fhe track pit®F®i .WF%OJ.A‘%V%EH f%afdﬁgﬂ'b't\gf’eﬁgﬁt%%rtééé (E'Eaii #hgﬂe\nidt‘(h%? a
51 ngl e servo Edlwele, 8position |inearity beconmes unacceptably poor with the
conventional 1/2 track pitch servo tracks. Linearity error. can be inproved

Dy L0, e vl L. ool Pt B MRRSE AL it Sl

y\oul d sloubl e irieh referenedUiraeks, dt siould ber undergtooddtharu the Hnvention

advantageously applies to secter serve axchitectures. The phase infor-

i mation stored in the serve patterns is derived by extracting a

; fundamental harmonie, such as 2.5 Mhe, frem the readback signal by the

! : high-pass SID £ilter 56 and serve filter 62. Signals from either the

| 10 dedicated serve head 28‘ or sexve patterns read by data transdueser head
28, are multiplexed at an analog multiplaxer block 64. A sero-cressing
conparator dstactor 66 coupled to the multiplexer 64 detects the zezo
crosaing in the readback signal. The cutput of the comparator 66 is
supplied to a nm'phno demodulator 68.

18
Comparator 66 applies a square wavs signal to the sezve phass
. demodulater 68 with pracise phase transitions based on the zero crossings
of the £irst harmenic sighal. This sqguare wave is then exclusive ORed or
i XORed with a 2.5 Mhx crystal oscillator and the transition differences
40 between these two signals are integrated over a certain peried by serve
phase demodulator 63. The integrator value at the end of this pericd is
proporticnal to the head offset relative to the track centre line. This
value is referred tc as the position errcr signal (PES).

as In the traditienal phase pattern, although each burst changes phase
~ 32.5 degrees botween servo tracks, the differsnce between burst 1 and

burst 2 ie alwvays 45 dsgrees. 6o for a given track, the servowriter only
nieeds a resclution of 45 degrees or 1/8 of a poriod instend of 22.5
degxees or 1/16 of a pericd. The required 16 servo track types are

36 generated by changing the phase of ea¢h burst in turn. That is, ad-
vancing the phase of burst 1 by 45 degrees while holding burst two the
same as the previcus track. Then retarding the phase of burst 2 while
holding burst 1 the same as the pzavioub track. This technigque for the
traditional phase pattera track types and burst phase is set forth in the

35 following Table 1. . '

-
x

This Sheet Has Been Reﬂlaced

L
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priohi bitively expensive for a sector servo #SI a conventi onal ngiezr%‘5296 #I/L:

pattern is witten on_mrn)wi—raelepltch for exarrple 3/8 track pitch,

he position |inearmsgndp@igtegEnts will be satisfied, but the pattern wilf
repeat in three data m rE Fbad of four. ‘This- neans that the

‘posi tion error 5|gn s +1-1.5 tracks instead of [err] tracks
before the PES repea this 50% 1 oss of range is

significant. Seek vel ocities can be as hi gh as 40 or 50 tracks/sanple. This
means that pexBgs 4n nmust be estimated 50 tracks away; therefore, the PES 3
error nust never be greater than 1 5 tracks out of 50, or 3% If the error

IS greater than this anpunt ala

wrong positi @
a conventi onl

unaccept abl el
5
10
b4 )
20
Using this technique, a 5 Mhz servo pattern can be written with a 40 Mhp
clock instead of an 80 Mhx cleck., Additicnally, the originmal 22.5 degree '
as steps can be duplicated by switching in a 22.5 degrees {25 nsec) delay

during even tracks. - ' t
Referzing 2o FIQ, 4, a -or:‘ro pattern written on 1/3 track pltch is
shown with radius changes relative the vertical axis and circumferential
30 changes relative the horizental axis. 1In accordance with a feature of
. the embediment, the track pitch of ths written eervo pattern is less than
the conventional 1/2 track pitch to provide acceptable position linearity
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|t is a princLpat—ohie ! he present invention to provide a phase

modul at ed serv [RASPar atus for use with narrow transducer heads.
SUMVARY OF THE] ’is an object of the present invention to

anel i orate one ; Sidllvant ages of the? prior art. According to one

aspect of the present invention there is provi ded apparatus for servo

positioning i | Sk ofdl | SJQg: t (ST

rotation abomqtgn% g“é’ng‘nﬁ%s%?ﬂlte%&%%g %k@u%%faﬁzgﬁ ng
dat a; transduzepsatmdnsamelacted punbeyoof FEhindars ©Fsdats SraFke. SThe Asleqtnd
witing . to angedQr decagid Gyiifidirdh a%ihary didsixnst (dy2dhder, ds0els aes Uz, acer

sai d transducer neans 1 nclude a read e epent.,apd a w.ite .elene said read
el enent havi iy aAAeFVR pattern H&H‘%&Pﬁ Jvﬂr E??&éﬁ“gﬁ?én?"%dn%tah f&f&t’& '
5 '

In order to have a pattern that repeats in four tracks, the phase
diffoerence between burst 1 and burst 2 must go through 360 degrees in
four tracks. When written on a 1/2 track pitch, the burst peried is-

: split into eight phases and is written with a clock eight times the burst

10 freguency. When the serve tracks are written en a 1/3 track pitch, 12
seTvo tracks are written for four data cylinders. 1In thie case the phase
burst must be split into 12 phases and is written with a clock 13 times
the burst frequency. For exanple, if a 5 Mhx pattezn is required and 1/3
tracks are needed zbz acceptable linearity, then the pattern can be

is written with a 60 Mhs clock. In this cass the 5 Mhz period consists of
12, 60 Mhz clocks and the phase of edch burst is changed by one bit for
esach sexvo track written. The latch sexvo track writer (6TW) presently
used in manufacturing can easily be programmed to write using either 12
or 16 bit words so a 1/3 track pitch pattern is eagy to implement.

20 ]

Other implementations of the invention are alsoc possible. For
example, writing on a 1/3 {33%) track pitch with the STW cleck
corresponding to §/3 of the demodulator clock and with 12 bits to each
servo pattern period. Alternatively, writing on a 40% track pitch with

2s the STW clock correspending to 8/5 of the demodulator cleck and with 10
 bits to sach sezvo pattern period. Ancther alternative is writing on &

1/3 track pitch and having two tzack types instead of four track types
and thae BTW clock must be 2/3 of the demcdulator clock.

30 Jdvantages of the 1/3 track piteh pattern as illustrated in FIG. 4
are that the MR read element width can be optimized besed oun SER and not
on sexvo linearity; allowing MR read elements to be less than 508 of the
track pitch; and with thrae serve tracks per data cylinder, the cylinder
boundary is coincident with the edge of the servo tracks. This makes the

3s Placement of a Gray code track id pattern sasy to 1::@1mn1:.' Sezvo
writing time for the 1/3 track biteh is significafitly reduced as compared
to a 1/4 tyack piteh.

While the inventien has been described with reference to details of
40 the illustrated embodiments, these details are not intended to limit tha
scope of the invention as defined in the appended claims,
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el ement having a width greater than 1/3 the width of a data cylipPerPhmoIE™

less than 1/ 2 the 3 wdth of the data cylinder; and neans for witing a
servo pdTT‘Tn“oﬁ—saFd—daLamdisk surface having a track pitch of |ess than
1/2 the wigt a cyllnder and said gervo pattern repeating in
predetern1 ﬂta cylinders, said predeterm ned nunber being a
val ue equal " power of two. According to another aspect of the
present in s provided a nmethod for servo positioning for use

in adisk file including at | east one diwunted for rotation

1. apparatus for servo positioning in & disk file comprising:

at least one disk meunted for rotatien about an axis and having at
least ocne disk surface for storing data; :

transducer means mounted for movement acress said disk surfece for
10 wziting to and for reading data and servo patterns from said disk
surface; and

means for writing a servo pattern on said data disk surface having
a track pitch of less than 1/2 of & data cylinder and said servo pattezn
1s repeating in a selected binary number of data cylindervs.

2. Apparatus as claimed in claim'l or claim 2 wherein said tzansducer

means include a :nd. element and a write element, said read element

having a width less than said write element and said read element being
20 greater than 1/3 of a data ¢ylinder and less than 1 data cylinder.

3. Appazatus as claimed in claim ! or claim 2 wherein said sazvo pattern
writing means include means for writing a phase modulated servo pattern.

1 4. Apparatus as claimed in any preceding claim vherein said serve
pattern writing means includa means for writing a servo pattern having a
1/3 track pitch and said sezve pattern repeating in 4 data cylinders.

§. Apparatus as claimed in claim 4 wherein said servo pattezn writing
30 means include a clock having a frequency of 12 times a burst f:cquaucy of
said servo pattern.

6. Apparatus as claimed in claim ¢ wherein said serve pattern is a 5 Miez

pattern of 12-bit words and said writing clock ip a 60 Mz cleock. '
3s * E . -

7. aApparatus as claimed in amy of claims 1 to 3 wherein said serve

pattern has a 404 tzack pitch and sald serve pattern repsating in 4 data

¢ylinders, wherein said servo pa.cr.nrh weiting means include a clock

having a freguency of 8/5 times a burst freguency of said servo pattern
40 and said servo pattern of 10-bit words. )

* ¢ L M s * .

(1]
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about- an axis and having at |east one disk surface for storing data and
transducer neﬂri&hnuﬁstmn@racmve,rmnt across said disk surface for witing

to and for rea ervo patterns from said di sk surface, said
transducer rrea d el ement: and a wite elenent; said read
el enent havi ng a

S ess t han sal d wite' el enent %sa%% enent
Wi dth bei ng greater t han dth:lihﬁldmé ss 't han
1/2 the wi d®n APPAFFUS. Y c;i |nd sai d o ivegedtingsim @ date
‘writing a sgwamammlbh tﬁﬁﬂ avr

iviogde Of
less than 1/2, afadeae Mhmmmmmﬂ’d& 'a?! Py servéfg‘gf%’érn '

repeating in a predet r,mi g%&u@%rgohdaémyl i nders, said predeterm ned
nunber bei nga# %ﬁﬂ a p05|t|ve povver of two. According to another

T o it s 8 8 st
' a “least cne disk muod for rTotaticn about an-axis and lw:d . =
- . aisk uu:!m for uo:!.ng dnta and tzan;dueor means mount . Muvmn“m
L aczoss said disk surface for writing to-and for :.uw:i:g 4 ser
T ~ patterns from said aisk -u:zm,u-::::;::::o;:::l‘ w:dw s
B nt? SA .
C i::::.::i.:‘o::o::.a::tu read elament width being ﬂ"_“ﬁo: then 1/3 of
AT a dau ayunéus n.id mchod uaupr:l-m the steps of:

15 .':7- C u::l.ting a nm p.tto:a on said dun disk -uriaco ‘having a track
B pl.:eh of less f.laa i/2of a am:a cylindex .nd said servo patt:orn
' :oputing in a uhet-d b!.aa:y ambo: of data cyundon.

S 10 L S mahad for servo polt:ianinu as cnund in claim § wherein usdj
. 20 ” _sexve. pnteo:n mitm step ineludes the steps of writing said umnw
R .-'pqttl:n with a 1/3 track p:l.teh and !.nel.udi.nq 12 bl wo:ds for repea .
' lc.td sezvo pnl:r.o:a in !eu: data eyl.:mdo:ﬂ. .'

11. A di.net aeeuu tt.omo :lwi.c- emuing:

. 25. |
o ;--m-inﬂ
. 's't :|.uu= one disk 'muntd ‘4n said housing for retation about an
qxi.s and having at least m lﬂl‘k surtace for -ccrtng dataj
30 .

. ' moto-:as:lstivo (MR) transducer means zounted for movement across
said d:l.-k surface for writing to and for reading data and serve patterns
from said disk surface; said MR trangducer means including a wzite
: : slement and a rsad element, said read slement having a width less than .
3-5. . sald write elament and sald read alement width being greater than 1/3 ©
| a data eyuader; and .

. nu: for writing on said ‘aisk lu:!aea [ 3 servo pnt:tcz-n at a
S p:odotominnd track pitch of lees than 1/2 of a data cylinder and saild
co . servo pattein including & 360‘ phuo burst difference batween a.djaeont
¢ bursts vithina  predeternined binary nusber of dats eyundon.

* C - L M S * .

r 0462755296:# 1/ ©
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f.ar fotation about an axis-and havi ng at | east one di sk surface for storing
“dat a;- magneto- I’eSIStlve (I\/R) ‘transducér “neans. nount ed for novenent - across
sai-d -di-sk.surface for vvr|t| ng to and for peadi ng data and servo patterns
from sai d:di-sk surface “sai'd MR-transducér means incl udi ng a wite el ement

and a read el ement’, said read el enent havi ng a w.d th‘gi‘fsg’t“'h ﬂdte
el enent. and’ﬁdalg J’%agt t.dedaogﬂg vm of
a data cyI| er~and l.ess tg%m 16 193 Vil Basd MM

means . f or rrace a servo pattern at a predet erm ned

track pl'tch? fnhesaﬂm-lbﬁﬂéﬂ §he width of a data cylinder and said servo
pattern’inc udi-ng a [err] phase burst difference between adjacent bui\i :
nber

wi thin a predeternined nunber ad asmed dnccinim

bei ng a val ¥« edugirect 459988, W?@mmammﬁ
'PREFERRED EMRetdiERaiaSherve pattern wx ttern
| o !:Moznem;mumd"““‘"" ’

| 14 mantu- mb-mthlly,u Miubazm described with refereace to

o .10._ rj.gu:n 1 to 4.

* This Sheet Has
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he. present invention can best be understood fromthe follow ng detailed
escription of enbodi nents of the invention.illustrated in the draw ng,

erein: FIG 1 is a schematic and bl ock diagram of a data storage disk

i1 e; FIG thid SheeHs a&dlowi ng t he accessi ng nechanismfor a single disk
FIG 1; FIG 3‘C}'§_a bl ock di agram
aer

surface of t
T epresent atimljnﬂma apparatus for yi ng out a-servo positioning
method in the data storage disk file of FIG 1; and FIG 4 is a chart
illustrating a servo pattern witten on 1/3 track pitch.

FIG.

2‘4) CONTROL UNIT V74 !9

il N e
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3a’in G 1 there S shomn a partial schenatlc bl ock dlagran1of parts of a

dat a storage disk—fite 10— ncluding a data storage nmedi um generally
desi gnat L 85 andpadaygoptrol unit generally designated as 14. In the

preferre is invention, the data storage nedium 12 is
enbodi ed i etic disk drive udt312, although other
mechani calll ry configurations nmay be used. Unit 12 is

illustrated in sinplified form suf
present inventio t he,

limted to the ddtails of fa pqrticul ar
now to FIGS. 1 a

ng of the
ft i nventifon i s not
driye unit cgnstructifon. Referring
i sk§drive ungt 12 ingql udes a stack

16 of disks 18 hgvi eti¢ surfacef20. The |di sks 18 are
mount ed E
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ot or asjg BeenRAhiged NfOr mati on on each 4 disk 18 are read and/or
witten t ondi ng transducer head 28 novabl e across the disk
surface ZEl MENIAH heads 28 are nounted on flexure springs 30 carried
by arm 3 her for simultane@ys3pivotal novenent about a

support spindle 34. One of the arns 32 includes an extension 36 driven in a
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. . — TN ~ REPLACED SHEET
ptvotal notion by a head drive notor 3@%“%&% everal drive S SG

arrangerrbnts are comonly used, the notor 38 can i rlmlowopagydce’Pl torpagad-7......

40 cooperating with a nagnet and core assenbl y (no ﬁﬁ(s)opapgéeldv__e_&__ to paged /0

‘ controlled for noving the transducer heads 28 in s Eﬁ?r rad —
direction in order to position the head? in registra |onb§jn' hgg{fg """" tgpaged """"
0

information tracks or data cylinders 42 be foll oePsiad acE%Q?g ------- T~ to paged 7.
particul ar data sectors 8o 58 W ?“’H‘ ' moctot-ar—umi-t :
 including a housing 46. e vari ous conmponen e Isk file 10 are
controlled in operation by m%&l%é& unit 14 such as
meter control sigals on |ine 25A and position cont roI signals on |ine 38A
_The present invention relates generally te an actuator pesitioning
system in a direct access steiage device (DASD) and more particularly to
'n'phnu modulated sexvo poaiticning method and apparatus for use with
narrow transducer heads in a disk file.

Computers often include auxiliary memoxry storage units having media
on which data can be written and from which data can be read for later
use. Disk drive units incorporatiiig stacked, conmonly rotated rigld mag-
netic disks are used for storage of data in magnetic form on the disk
surfaces., Data is recorded in concentric, radially spaced data
information tracks arrayed on the surfaces of the disks. Transducer
heads driven in & path toward and away from the drive axis write data to
the disks and read data from the disks.

All DASD units smst have a method to position each data head over
the proper radial location to write a track and again, to positien it
very clese to the same locatien to read the track. With the higher level

i files using a voica coil type of actuator, a fesdback mechanism must be
provided to locate and stably hold the heads on a given track.
Typically, track accessing and track following are provided utilizing a
magnetically written pattern in the DASD unit. A dedicated sezvo systen
exploys one surface of one of the disks in the DASD on which to have all
the tracking and sccess information. A sector serve system usas small

porticns of tracks batween sach ¢r betwsen savaral sectors on sach track
of each data surface to provide the tracking and access informazion. A

hybrid sexrvo system uses both to cbtain advantages of each type of sezvo.

Magneto-resistiva (MR) heads are a great advancement in read/write
technology for DASD. One of the key advantages of MR heads is the use of
separate elements for reading and writing. This allows the writing
slemant to be wide, almest a full track pitch in width, and the reading
element to be narrow. This write wide, read natrow capability easss the
tzack misregistration (TMR) regquirements on the serve system by
eSfectively increasing the width of the soft-erzor rate (SER) pathtubs by
the difference in widths between the read and write alements.

Bexvo tracks are I:ypically written on a 1/2 erl.ek‘pi.tch A
t:uutianal phase pattozn is written so that the pluu ot sach burst
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Nuner ous data |nformat|on tracks 42 each at a specific radial |ocation are

arraw ¢d c pattern in the magnetic nmedi um of each disk surface
20: 0
i nf or u

gwu A data cylinder includes a set of correspondi ng data

2 for the data surfaces 20 in the data storage disk
file 10. Data intformation tracks 42 |nclape a plurality of segnents or data
sectors 44, each containing a predeflned sire of |nd|V|duaI groups of data

records which are for te etr Eva track
i nf or mat i on SPFARAE 5%??@"81’% %de?er%’ggg oSl t] i netoa
servo ref er cypes,i ke phase is| G“E“%én %Htﬂr" And3;apd I’ﬂﬁ?‘&geﬁ’ &?‘%E
With a fixedy BRieX e@dnieh) lthe NitRKe atwiahuest \I ant Wuratg2 tdhenges 45 mao-
sector. The Aegcg‘nte uz% €2%H ¥ten. This maans that a 5 Mhz pattern can be
written with a 80 Mhe cloek. In this case the 5 Mhs peried consists of
16, 80 Mix clocks and the phase of each burst is changed by one bit.to:
each sarvo track written. Then the diffezence in phase between the
bursts repeats in eight serve tracks. The eight sexve tracks written on

& 1/3 track pitch eem-pend to four data tracks or cylinders.

, To opt.:lnin the SER, a reading transducer width that is less thun
508 of the track pitch is reguired. With reading elements less than the
width of a single serve track, pesiticn linearity becomes unacceptably
poer with the conventional 1/2 track pitch sexvo tracks. Linearity erxor -
can bs improved by writing narrewer tracks. For example, the phase
pattezrn written on a 174 track pitch would previde acceptable position
linearity; hewever, this would deuble the time zequired for servo writing
and would be prohibitively expensive for a sector serve file.
i
If a conventicnal serve pattern is writtea on ; narrow track pitch,

for exanmple, 3/8 track pitch, the position linearity requirements will be
satisfied, but the pattern will repeat in three data cylinders instead of
four. This means that the position ezrox signal (PES) extends «/-1.%
tracks instead of +/-2 tracke. before the PES repeats. When seeking, this
S0% loss in range is significant. Seak velocities can be as high as &¢

" ox 50 tracks/sample. This means that position must be estimated 50 trac-
ks away; thezefore, the PES error must never bs greater than 1.S tracks
out of 50, or 3%, If the.error is greater than this amscunt, the
estimator algorithnm may converge on the wrong position and velocity and
be off by modulo three tracke. As & result a conventicnal servo pattexn

- with a narrew track pitch pattern is unscceptable.

It is a principal cbject of the prasant invention to provide u

phase medulated servo mathed and appavatus for use with narrow transducer
heads, '

In brief, the objects and Admtagau of the prounh' invention are
achieved by a phase modulated serve mé:hod and apparatus to provide
acaaptable pesition linearity for serve positioning with a parrow
transducer head in a disk £ils. The disk file includes at least one disk
mounted for rotation sbout an axis and the disk has at least cne disk
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sector 44 is |dent|f|e sector identification (SID) pulse read by

transducerMs@adesHa&&e&{ rfaces 20. Referring to FIG 3, there is shown a
circuit di a ml ng phase nodul at ed servo apparatus for carrying

out the ph ervo nethod of the invention generally designated
by the reference 50. Apparatus 50,includes a servo channe
I ncl udi ng a dedlcated servo surface 20 ﬁomn together with a dedlcated

servo transducet, head 28 coupl ed to a servo preanplifier (SPA) 5
aut omati c gai TREEBA? FSF §tRGin Sata,and hae &, W"P&?ﬁfi?‘?‘ﬁ%ﬂq 5?F§ Mb’“%i ﬁ?r"-'SG.
A dat a channethd Aték destapedfvrawtiting oo foraxkadfng dstao snd sadio gaktexnsdat a
surface 20,  grem the disk surface. The transducer includes a read element and a
write element. The read element has a width less than the write slemsnt
and the resd element width is lems than 1/2 of a data cylinder. A sexrvo
pattern is written on the data disk surface having & track pitch of less
than 1/2 of a data eylinder and the servo pattern repeats in a salacted
binary nunber of data cylinders.

The present invehtion can best be understocd from the following
detailed description of embodiments of the invention illustrated in the
drawing, wherein:

FIG. 1 is a schematic and block diagram of a Gate storage disk
£ile,;

FIG. 2 im a diagrim showing. the accessing mechanism for a single
disk surface of the apparatus of FIG. 1; .
i
FIC. 3 is a block diagram representation illustrating apparacus for
earrying out a servo poaitioning methed in the data storage disk file of
FIG. 1; and’ '

rIq. ¢ is a chart illustzating a sexvo pattern wricten on 1/3 track
pitech.

In FIG. 1 there is shown 2 partial schamatic block diagram of peztu
of a data storage disk file 10 including a date storage medium generally
desigrated as 12 and a control unit generally designated as 14. In the
prefezred enbodiment of this invention, the data storage medium 12 is
exbodied in a rigid magnetic diek drive unit 12, although other
machanically moving memory configurations may be used. Unit 12 is
1llustrated in simplified form sufficient for an understanding of the
present invention because the utility of the present invention ie not
limited to the details of a particular drive unit construetien.

Referring now to FIGS. 1 and 2 of the drawings, disk drive unit 12 °
includes n stack 16 of 4isks 18 having at least ona mugnetie surface 20.
The disks 18 are mounted in parallel for simultaneous rotation on and by
an integrated epindie and motor assambly 26. Data informaticn on each
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5 arm el ectrom Cs (AE) 58, an automatic gain control (AGC) 60 and a servo
f||t_er 62. Wiile FIG 3 shows circuitry 50 with a dedicated servo
architecture with reference tracks, it should be understood that the

i nvention advantageously applies to sector servo architectures. The phase
infor- mation stored in the servo patter % I's derived by extracting a
fundanental harnonic, such as 2.5 Mis, m t he readback signal by the

hi gh-pass SIDLi1d ghe Yoad Waai&! '\b/:gigtlelitt%rby 2 conkSN}3ha1dy OfnSlidie nédif 28
movable acrogs the disk surface 20.

'.i‘:a.n-dueo: heads 28 are mounted on flexure springs 30 carried by
arms 32 ganged together for simultanecus pivotal movexsnt about a support
spindle 3é. One of the erms 32 includes an extension 36 driven in a
pivotal moticn by a head drive motor 2. Although several drive
arrangensnts are commonly used, the moter 38 can include & volice coil
motor 40 cocperating with a magnet and core asgerbly (sot seen)
oparatively ceut:ou-d Zor moving the trmdueoz heads 28 in syneh:enm
in & redisl direction in order to pesition the heads in :og:lll:ut:l.en w:lth
data informaticn tracks or data cylinders 42 to be followed and access
particular data secters 44. Data storage @isk file 10 is a modular unit
!.neiudiag a housing 46. The various componerts of the disk file 10 ave
contyolled in cperation by signals genarated by control unit 14 such as
poter control signals on line 28\ and position centrol sipnals on line
38A. _ . .

Rumexcus data anomt.ien t-.zaeks 42 each at & specific radial
locaticn are azrayod in a eonmt:ie pattern in the magnetic medium of
| each disk surface 20 of data disks 18. A data eylinder includes a sat of
corresponding data information tracks 42 for the data suzfaces 20 in the
data storage disk file 10. Data informatien tracks 42 include a
plurality of sapments or data sectors ¢4, each containing a predefined
size of individual groups of data records which arye saved for latex
' retrieval and updates. The data informacion tracks 42 ave disposed at
predetermined positions relative to a serve reference index. In FXG. 2
cne sector 44 is illustrated as SECTOR O with a fixed index or mark INDEX
for properly locating the fZirst data sector. The location of each aext
ssctor 44 i identified by a sesctor identification (5ID) pulse rvsad by
" czansducer heads 28 f£rom surfaces 20.

Referring to FIG. 3, there is shown a circuit diagram illustrating
phase modulated servo apparatus for carzying out the phase modulated
saxve methed of the invention generally designated by the reference
numeral 50. Apparatus 50 includes a serve channel including a dedicated
servoe surface 20’ shown together with a dedicated servo transducer head
28’ coupled to a servo preamplifier (SFA) 52, an autematic gain centrol
{AGC) 54 and a servo identification (SID) filter S6. A data channel
includes a data transducer head 28 disposed adjacent a data surface 20,

This is the replassment gheet

3.0 NOV 1906

Date:



dedi cat ed, servo head 28' or servo patterns read by data transducer head 28,
are multiplexed at an anal og nul ti pl exer block 64. A zero-crossing
conpar at or detector 66 coupled to the nultiplexer 64 detects the zero
crossing in the readback signal. The output of the conmparator 66 is
supplied to a servo phase denodul ator 68._ Conparator 66 applies a square
wave signal to the servo phase denndulatoﬁ 68 with precise phase
transitions based on the zero crossings of the first harnonic signal. This
square wave is then exclusive [err] or XCRed with a 2.5 Wz crystal

oscillator and t t ffer b S S e
I nt egrated over Efcéta‘r;?’m; Lﬂ} ggd B?/ s gi gig:g &Qg Mmo %ﬁ?h&%
i nt egrat or vafid&EeRS3rhe end of this peri od i s

While FIG. 3 shows circuitry 50 with a dedicated sexvo architecture
with reference tracks, it should be understocd that the inventien
advantageously applies to sector serve architectures. The phase infor-
mation stored in the servo patterns is derived by extracting a
fundamental harmonic, such as 2,5 Mhr, frem the yeadback signal by the
high-pass SID filter 56 and servo filter 62. Signals from either the
dedicaeted servo head 28° or serve patterns read by data transduser head
28, are multiplexed at an analog multiplaxer block 64. 2 sero-crossing
comparator dstactor 66 coupled to the multiplexer 64 detects the zaexo
crosaing in the readback signal. The osutput of the comparator 66 is
supplied to a um'phan demodulator §8.

Comparatcr 66 applies a squars wave signal to the sarvo phasa
denodulator 68 with pracise phase transitions based on the zero crossings
of the first hirmonic signal. This square wave is: :!un'cxclu-ivo ORed or
XORed with a 2.5/ Mhz crystal oscillator and the transition differences
between these two signals are integrated over a certain paricd by serve
phase demodulater €8. The integrater value at the end of this peried is
propoxtional to the head offset relastive to the track esntre line. This
value is reZerred to as the position error signal (PES).

In the traditional phase pattern, although each burst changes phase

42.5 degrees between servo tracks, the differsnce between burst 1 and
burst 2 is always 45 degrees. So for a given track, the sexvewriter only
needs a resolution of 45 degress or 1/8 of a period instead of 22.5

. degrees or 1/16 of a period. The required 16 serve track types are
gensra.:od by changing the phase of ea¢h burst in turn. That is, ad-
vancing the phase of burst 1 by ¢S5 deyrees while holding burst two the
same &y the pravicus track. Then retarding the phase of burst 2 while
holding burst 1 the same as the previous track. This techtiigque for the
traditional phase pattern track types and burst phase is aet forth in the
following Table 1. .
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proportional to the head offset relative to the track centre line. This
value is referred to as the position error signal (PEE). In the traditional
phase pattern, although each burst changes phase 32.5 degrees between servo
tracks, the difference between burst 1 and burst 2 is always 45 degrees. So
for a given track, the servowiter only needs a resolution of 45 degrees or
1/8 of a period instead of 23.5 degrees & 1/16 of a period. The required
16 servo track types are generated by changi ng the phase of each burst in
turn. That egega@d- vanci ng. the phase of burst 1 by 45 degrees while
hol di ng burst two the sane as the previous track. Then retardi ng the- phase
of burst 2 while holding burst 1 the sane as {he Drovig =Yal! T
techni que f ¢

- Using this technigque, a 5 Mhz servo pattern can be written with a 40 Mhz
¢lock instead of an 80 Mhx clock. AMditicnally, the coriginal 22.5 degree
steps can be duplicated by switching in a 22.5 degrees (25 nsec) delay
during even tracks. :

Referring to FIG. 4, & servo pattern written on 1/3 track pitch is
shown with radius changes relative the vertical axis and circumferential
changes relative the horizental axis. Ia accordance with a2 feature of
the embodiment, the track pitch of the written servo pattern is less than
the conventional 1/2 track piteh to provide acceptable position linearity
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traditional phase pattern track types and burst phase is set forth in the
follow ng Table 1. TABLE 1 [err] Using this technique, a 5 Mz servo
pattern can be witten with a 40 Mhz clock instead of an 80 Mz cl ock.
Additionally, the original 22.5 degree steps can be duplicated by swtching
in a 22.5 degrees (25 nsec) del ay during7even tracks.

with disk file including a MR transducer head and the serve pattezn
repeats in a selectéd number of cylinders or data tracks. The selected
" number of data eyliﬁae:- is a Sina.:y numbar of cylindek, such as, 2, ¢4 or
B. A servo pattern raepeating in 3 cylinders would not be selected.

In order to have a pattern that repeats in four tracks, the phase
‘difference betwaen burst 1 and burst 2 must go through 360 degrees in
four tracks. When written on a 1/2 track pitch, the burst pericd is-
split into eight phases and is written with a clock eight timas the burst
frequency. Vhen the servo tracks aze writtan en a 1/3 tzack pitch, 12

- 8eTVO tzacks are written for four data cylinders. In thie case the phase
burst must be split into 12 phases and is written with a clock 13 times
the burst frequency. For example, if a 5 Mhx pattern is required and 1/3
tracks axre needed for acceptable linearity, then the pattern can be
written with a 60 Mhs clock. In this case the 5 Mhz period consists of
12, 60 Mhz clocks and the phase of esch burst is changed by one bit for
sach sexvo track wxitten. The latch sexrvo track writer (STW) presantly
used in manufacturing can easily be programmed to write using either 12
or 16 bit vords so a 1/3 track pitch pattern is easy to implement. ;

Othezr implementations of the invention are also possible. For
example, writing on & 1/3 (33%) track pitch with the STW clock
cozrresponding to 4/3 of the demodulator ¢lock and with 12 bits to each
servo pattarn peried. Altesrnatively, writing on a 408 track pitch with
the STW clock corresponding to B/S of the demedulator cleck and with 10

" bits to 'u.eh sexrvo pattern pericd. Another altsrnative is writing on a
173 track pitch and having two track types instead of four track types
and the BTW clock must be 2/3 of the demodulator clock.

Advantages of the 1/3 track piteh pattern as iilustrated in FIG. 4
are that the MR read slement width can be eptimized based cn SER and not
on sexve linearity; allowing MR read elements to be less than 508 of the
track pitch; and with three servo tracks per data cylinder, the cylinder
boundary is coincildent with the edge of the wervo tracks. This makaes the
Placemunt of a Gray code track id pattern casy o ixqplmnt.. 8erve
writing time for the 1/3 track pitch is significantly reduced as compared
to a 1/4 track piteh.
While the invention has been described with reference to details of
the illustrated embodiments, these details are not intended to limit tha
scope of the invention as defined in the appended claims. .
' This is the replacement sheet
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Réferring%rg‘r;ejr_&g pattern witten on 1/3 track pitch is shown
w th radi us changes i the vertical axis and circunferential changes
]a(g(is. In accordance with a feature of the

ilfﬂof the witten servo pattern is |ess than the

relative tTh SR&FiZ®al3

enbodi nent , .

convent i onaJMﬂW"ﬂi tch to provide ceptable position linearity 8
CLAI MS 1. %

servo positioni in a disk file conprising:
1. apparatus for sexrve positiening in a disk file comprising:

at least one disk mounted for rotation about an axis and having at
least one disk surface for storing data; .

cransducer means mounted for movement across said disk surface for
writing to and for veading dute and servo patteras from said disk .
surface; and :

weans for writ:ln&—_a servo pattern on said data disk surface having
a track pitch of less than 1/2 of a data cylinder and said servo pattern
repeating in a selected binary number of data cylinders.

3. Apparatus as claimed in claim 1 or claim 2 wherein said transducer
' means includa a read element and a write elemsnt, said read element
having a widch ‘less than said write element and said zead element being
greatez than 1/3 of a data c¢ylinder and less than 1 data cylinder.
i .
3. Apparatus as claimed in claim 1 or claim 2 vwherein said serve pattern
writing means include means tbr'wztting a phase modulated serve pattern.

4. Apparatus as claimed in any preceding claim vherein said ssxvo
pattern writing means includa means for writing a serve pattern having a
1/3 track pitch and sald servo pattern zrepeating in 4 data cylinders.

§. Appazatus as claimed in claim 4 vherein said servo pattern w:.j.e:l.ng
means include a ¢lock having a frequency of 12 times a burst freguency of
said servo pattern.

6. Apparatus as claimed in claim 4 vherein said servo pattern is a 5 Miz
pattezn of 12-pbit words and said writing clock :'_.n a 60 Mz clock. '
7. Apparatus as claimed in any of claime 1 to 3 vihcrcin’ gsaid gsearve
pattern has a 409 track pitch and said sexrve pattern repeating in 4 data
cylinders, wherein said seyvo pattern wziting means include a clock
having a frequency of 8/5 timas a buret frequency of said serve pattern
and said servo pattern of 10-bit werds. ’
e

0 g gy
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at | east—one disk mounted for rotation about an axis and havi ng at | east

one disk surface for storing data; transducer neans nounted for novenent
across saillis tIHasB ctdr witing to and for reading data and servo
patterns fr urface sai d transducer neans include a read

el enent an

said wite el errent an sal d read el enent

said read el E;Tent having a width | ess than
aving a width greater than 1/3

the width of a data cylinder and less than 1/2 the width of the data

cyl i nder;

and nmeans for witing a servo pattern on said data di sk surface

having a track pitch of less than 1/2 the wwdth of a data cylinder and said
servo pattern8sepdonesatysias glajued dnnanyeef alatperl &p 3 wheraidh #ajgcrasves,y)

predet er mi nedpamrhaeuwsazﬁakl;a:aqm sald sepwcpitiveen popesting in\@. date

cylinders, wherein said servo pattern is a 5 Mis pattern of G-bih words

‘and. said wxriting olock is a 30 MHE clock.

| S. 'A'uthéd for n:iro politienim for use in a digk file including at

:I.out one disk muncoa for zotation about an axis and having at :I.mi: one
di-k uu:tuo for -:o::lng dn.ta and transducer means mounted for nwmnt

..'-smu said disk surface for wri.c:l.na to and for reading data and um
: .pnttunc from nid d.i.-k surface, said transducer neans havhy a :oad

elament and a w:i.to alement; uM zead slement having a wldcb less than

'n:l.d ‘write o:.gmnb and eaid read slamsnt width belng greater cha.n 1/3 of
e dnu ewnnaor; nid mhod ueup:iung the stepa of: :

w:!.e:l.ng a urva paetm on said data d:l.lk -ur:ace having a ::uk

. pl.eali of lebs r.m 112 of a data cylinder and said servo pnt:-:n

:opnu.ng ina nhem btuxy pumber of dan wum:-. .

10.' A method for sexvo po!:lticntng as claimed in claim 9 whe:'o.tn said.
um pnttora w::l.em step he:.udu the steps of w::l.:ing said u:vo

i plttu'n with a 1/3 track pitch and including 12 bit’ words foz :opn:i.ag
- _'uu nm pntr.om in !eu: uu eylinders.’ :

T 3%, ',A- ._dizoe; ‘accass storage Miea canprising:

a heusing;s

at least one disk meunted in said housing for rotatien about an
axis and having at least one disk surface for storing data;

. magneto-resistive (MR} transducer means mounted for movement across
said disk surface for writing to and for reading data snd servo patterns
from said diek surface; sald MR traneducer meane including a write
element and a read element, swuid road swlement having a width less than
said write element and sald read slenment width baing greater than 1/3 of
a data cylinder; snd

means for writing on said "aisk surface a servo pattezn at a
pcr.dptomiucd traock pitch of legs than 1/2 of a data cylinder and said
SeXVe p;tto:n‘includm a 360° phasa burst differsnce batween adjacent
_ bursts vithin a predetermined binary number of data cylinders. '

R RN
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1

2. Apparatus as claimed in claim1l wherein said servo pattern witing

means i ncl ude nea a phase nodul ated servo pattern. 3.
Apparatus as clmjsRE Illn any preceding clai mwherein said servo pattern
witing nmeans in e!gnedwrltlng a servo pattern having a 1/3 track
pitch and said epeat| ng.in data cylinders. 4. Apparatus
as clained in cl said servo tern witing neans include a

writing clock having a frequency of 12 tinmes a burst frequency of said
servo pattern. 5. Apparatus as clained in claim4 wherein said servo
pattern is a 5 MHz pattern of ‘12-bit words and said witing clock is a 60
MHz cl ock. 6. Apparatus as clainmed in any of clains 1 to 2 wherein said
servo pattern has a 40%track pitch and said servo pattern repeating in a 4

| i 5, wh
data cylindels, JRALSLE a3Sass SEirede duvice as claimed in claim 11 wherein said

p:odotezn:l.md track pitech equals 1/3 ‘and said predetermined binary number
of data cylinders equals 4. '

3. A dt:-ce access storage dsvice as claimed in claim 11 or clain 13
- whezein msald asrvo pattern writing neans inciudes a clock having &
: !:-qunayoz 12 tuu a buxet z:aquoncyoz utd sexvo pattern.

14, amantu- -ub-mtuuy as hereinbefore described with ntomeo to
: rigu:n 1 o 4. ;

—_—
Ry W
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pattern witing neans include a clock having a frequency of 8/5 tines a
burst frequency of said servo pattern and said servo pattern of 10-bit
words. 7. Apparatus as clained in any of clains 1 to 2 wherein said servo
pattern witing neans includes a witing clock and neans for witing a
servo pattern having a 1/3 track 9 pitch and said servo pattern
repeating in 2 data cylinders, wherein said servo patternis a 5 Mz
pattern of 6-bit words and said witing clock is a 30 Mz clock. 8. A

met hod for servo positioning for use in %ldisk file including at |east one
di sk _ :

METHOD AND APPARATUS FOR SERVO POSITIONING IN A DIRECT
ACCESS STORAGE DEVICE

ABSTRACT

A phase modulated servo method and apparatus provides acceptable
position linearity for servo positioning with a narrow transducer head in a disk ﬁlé.
The disk file includes at least one disk mounted for rotation about an axis and the
disk has at least one disk surface for storing data and has a transducer mounted for
movement across the disk surface for writing to and for reading data and servo
patterns for the disk surface. The transducer includes a read element and a write
element. The read element has a width less than the write element and the read
element width is greater than 1/3 of a data cylinder and less than 1/2 of a data
cylinder. A servo pattern is written on the data disk surface having a track pitch of
Jess than 1/2 of a data cylinder and the servo pattern repeats in a selected binary

number of data cylinders.

Fig. 4

1 b ‘ﬁ'ns;’s $it‘ie replacement sheet

) i. : 5

Date: 3 0 NOV 198



mounted for rotation about an axis and having at |east one disk surface for
storing data and transducer mneans nounted:for -novement across said di sk
surface for witing to and for reading data and servo patterns from said

di sk surface, said transducer neans having a read elenment and a wite

el enent; said read el enent having a width less than said wite el enent and
said read el enent width being greater than 3 of the width of a data
cylinder and less than 1/2 the width of the data cylinder; said nmethod
conprising the steps of: witing a servo pattern on said data disk surface
having a track pitch of less than 1/2 of the width of a data cylinder and
said servo pattern repeating in a predeterm ned nunber of data cylinders,

sai d predeterm nFTGr- beiig a value equal to a positive power of two.
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9. A nethod for servo positioning as clainmed in claim8 wherein said servo
pattern witing step includes the steps of witing said servo pattern with
a 1/3 track pitch and including 12 bit words for repeating said servo
pattern in four data cylinders. 10. A direct access storage device
conprising: a housing; at |east one disk nounted in said housing for
rotati on about an axis and having at |eas2/dne disk surface for storing
data; magneto-resistive (MR) tran vement across
said disk surfac LLing. rvo patterns

fromsaid disk sfrface; said wite el ement
and a read el enept,_said fead an said wite
el enent and said [Ead el egent ng P e
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thtan 1/ 3 of the width of a data cylinder and less than 1/2 of the wi dth of
t.he dat'd cyl i nder; and 10 neans for witing on said disk surface a servo
pattern at a predetermned track pitch of less than 1/2 of the width of a

data cylinder and said servo pattern including a [err] phase burst

di fference between adj acent bursts mﬁthinéﬁ%predeternined nunber of data

cylinders, said predeterm ned nunber bein
power of two. ::cac-nuon*ru1u9r~cn¢n53::c:-cun1<ruvu:r~cucn53::::-—
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‘t'predetermi ned track pitch equals 1/3 and sai d predeterm ned binary nunber
of edata cylinders equals 4. 12. A direct access storage device as cl ai ned
in claikm 10 or claim 1l wherein said servo pattern witing nmeans includes a
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clainmed in claim3l wherein said predeterm ned trac‘iqa?“ﬁ&a‘i%@n@nﬁuﬁd

sdi d predeternned- bipary nuidber
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(57) A phase modulsted servo method and apparstus provides sccepteble position linearity for servo
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of data cyH—ndewalﬁs;}.\;& A direct access storage device as clained
in.claiml1ll or claim12 n sai‘d- servo pattern witing nmeans includes a
cl ock havi n me times a burst frequency of -said servo

$0

pattern. 14 tantially as her ei nbef ore described with
reference to F| gur‘es "

CLAIMS

1.  Apparatus for servo posftioning in a disk file comprising:

at least one disk mounted for rotation about an axis and having at least one disk
surface for storing data; |

transducer means mounted for movement across said disk surface for writing to
and for reading data and servo patterns from said disk surface; said transducer means
include a read element and a write element, said read element having a width less than
said write element and said read element baving a width greater than 1/3 the width of a
data cylinder and less than 1/2 the width of the data cylinder; and

means for writing a servo pattern on said data disk surface having a track pitch of
less than 1/2 the width of a data cylinder and said servo pattern repeating in
predetermined number of data cylinders, said predetermined number being a value equal
to a positive power of two.
2.  Apparatus as claimed in claim 1 wherein said. servo pattern writing means include
means for writing a phase modulated servo pattern.
3. Apparatus as claimed in any preceding claim wherein said servo pattern writing
means include means for writing a servo pattern having a 1/3 track pitch and said servo
pattém repeating in 4 data cylinders.
4.  Apparatus as claimed in claim 3 wherein said servo pattern writing means include a
writing clock having a frequency of 12 times a burst frequency of said servo pattern.
5. Apparatus as claimed in claim 4 wherein said servo pattern is a 5 MHz pattern of
12-bit words and said writing clock is a 60 MHz clock.
6. "Apparatus as claimed in any of claims 1 to 2 wherein said servo pattern has a 40%
track pitch and said servo pattern repeating in a 4 data cylinders, wherein said servo
pattern writing means include a clock having a frequency of 8/5 times a burst frequency
of said servo pattern and said servo pattern of 10-bit words.
7.  Apparatus as claimed in any of claims 1 to 2 wherein said servo pattern writing

means includes a writing clock and means for writiﬂg a servo pattern having a 1/3 track
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pitch and said servo pattern repeating in 2 data cylinders, wherein said servo pattern is a
5 MHz pattern of 6-bit words and said writing clock is a 30 MHz clock.
8. A method for servo positioning for use in a disk file including at least one disk
mounted for rotation about an axis and having at least one disk surface for storing data
and transducer means mounted for movement across said disk surface for writing to and
for reading data and servo patterns from said disk surface, said transducer means having
a read element and a write element; said read element havmg a width less than said write
element and said read element width being greater than 1/3 of the width of a data
cylinder and less than 1/2 the width of the data cyiinder; said method comprising the
steps of:

writing a servo pattern on said data disk surface having a track pitch of less than
1/2 of the width of a data cylinder and said servo pattern repeating in a predetermined
number of data cylinders, said predetermined number being a value equal to a positive
power of two. |
9. A method for servo positioning as claimed in claim 8 wherein said servo pattern
writing step includes the steps of writing said servo pattern with a 1/3 track pitch and
including 12 bit words for repeating said servo pattern in four data cylinders.
10. A direct access storage device comprising:

a housing; |

at least one disk mounted in said housing for rotation about an axis and having at
least one disk surface for storing data;

magneto-resistive (MR) transducer means mounted for movement across said disk
surface for writing to and for reading data and servo patterns from said disk surface; said
MR transducer means including a write element and a read element, said read element
having a width less than said write element and said read element width being greater
than 1/3 of the width of a data cylinder. anc_l less than 1/2 of the width of the data

cylinder; and
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means for Writing on said disk surface a servo pattern at a predetermined track
_ pitch of less than 1/2 of the width of a data cylinder and said servo pattern including a
360° phase burst difference between adjacent bursts within a predetermined number of
data cylinders, said predetermined number being a value equal to a positive power of
two. |

11. A direct access storage device as claimed in claim 10 wherein said predetermined
track pitch equals 1/3 and said predetermined binary liumber.of data cylinders equals 4.
12. A direct access storage device as claimed in claim 10 or claim 11 wherein said
servo pattern writing means includes a clock having a frequency of 12 times a burst
frequency of said servo pattern.

13. Apparatus substantially as hereinbefore described with reference to Figures 1 to 4.
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