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NETROD AND APPARATUS FOR SERVO ROSITIONING
_IN A DIRECT ACCESS STORMGE DEVICH

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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changes 22.5 degrees for each written servo track. For incressing track
types, the phase is advanced in burstes 1 and 3 and retardad in burst 2.
In this fashion, the phase between burst 1 and burst 3 changes 45 degrees
£for each servo track written. This means that a 5 Mhzx patterzn ¢an be
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.

. To optimize the SER, a reading transducer width that is less thun
50% of the track pitch is reguired. 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
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.

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

" ox 50 tracks/sample. This means that positien must be estimated 50 trac-

30

40

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
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 narrow transducer
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
transducer head in a disk f£ile. The disk fila includes at least one disk -
mounted for rotation sbout an axis and the digk has at least cne disk
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surface for si:oring data and has a transducer mounted for movement across
the disk surface fa; wziting to and for reading data and ssrve patterns
frém the digk surface. The transducer includes a read elament and a
write eloment. The read element has a width less than the write element

5 and the r;ld 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 qt less
than 1/2 of s data cylinder and the serve pattern repsats in a sslaected
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
_FIG. 1; and’

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 constructien.
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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disk 18 are read nadler written to by a corresponding transducer head 28 |
movable across the disk surface 20.

Transducer heads 28 are meounted on flexure springs 30 carried by -
arms 32 ganged togsther for simultanecus pivotal movement 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)
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
controlled in cperation by signals genarated by control 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
locatiocn are arrayed 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

_ size of individual groups of data records which are saved for later

ratrieval and updates. The data information tracks 42 ave 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
sector 44 is identified by a sector identification (SID) pulse read by
transducar heads 28 from surfaces 20,

Ro!o-::iag to FIG, 3, there is shown a circuit diagram illustrating
phase modulated serve apparatus for carrying cut the phase modulated
servo method of the invention generally designated by the reference
numeral 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
includes a data transducer head 28 disposed adjacent a data suzface 20,
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arn alectronics tm) 58, an autcmatic gain contrel {(AGC) 60 and a serve
giltex 62.

While FIG. 3 shows clrcuitry 50 with a dedicated serve architecture
with reference tracks, it should be understoed that the invention
advantageously applies to secter serve axchitectures. The phase infor-
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
dedicated servo head 28‘ or serve patterns read Ly data transduser 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.

Comparator 66 applies a square wavs signal to the sezve phass

. demodulater 68 with pracise phase transitions based on the zero crossings

20

as

3¢

a5

of the £irst harmenic sighal. This sqguare wave is then exclusive ORed or
ZORed with a 2.5 Mhx crystal oscillator and the transition differences
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).

In the traditienal phase pattern, although each burst changes phase
42.5 degrees betwsen 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
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
following Table 1. . '

-
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]
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. - ' ¥

-
P

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



'86F 2208  14®01%;BF7{€-2h (B AS-SPRUSON : 04627565296 #12/12
.. This Sheet Has Been R '

Wiy .

with disk £ile including a MR transducer head and ths servo pattern
repeats in a selected number of cylindexrs or data tracks. The selected
" number of data eylifndcz- iz a Sinuy nunber of cylinder, such as, 2, & or
8. A servo pattern rapesating in 3 cylinders would not be selected.

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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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
writing to and foxr 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
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
greater than 1/3 of a data ¢ylinder and ‘Jess than 1 data cylindez.

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

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
means include a clock having a frequency of 12 timees a burst frequency 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 Mis clock. ' _ .
7. Apparatus as claimed in any of claims 1 to 3 vherein 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

and said servo pattern of 10-bit words. :

* ¢ L M s * ..
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- pattern has & /3 tzukpi.:chm-uu servo pattern gepeating in 2 date
| " gylinders, whnnd.nuuumpattm inasmnetme! G-biemzdl
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” 9. A nothad for aszvo paliuoniu for \uo in a dhk file 1n=1ud:|.ag at

o hut m disk mtod for :etl.e:l.m abnur. an-axis and having at least one

.- aisk uu:!m for uo:!.ng data and tran ansducer maans mounted for movement -

. -ACTONS ui.d disk surface for writing- to-and for :on.d:l.uy data and nm

" .pncwm- fyom n.td aisk lutzm, eald transducer Raans hnv:l.ng a read

. element and a wri.to alement; said :rad element having a widch less than -
'.u:l.d ‘write o:l.maf. and uu zead elament width being greater’ tha.n 1/3 of

“ a. dau ayunms u!.d mchod uaupriung the steps of:

u::l.t.{ng a nm p.tto:a on said dun disk -uriace ‘having a crack

pl.:eh of less f.laa 112 of a am:a cylindex .nd said servo patt:orn
' :oputing in a uhet-d b!.aa:y ambo: of data cyundon.

1.0.' A mahad for servo polt:ianm as. enund in claim 9 whmi.a said-

. 8eXVO: pnteo:n mitm step includes the steps of writing said serve
pa.t.tc:n with a 1/3 track p:l.teh and !.ne;udi.ng 12 bir wo:ds for ropnr.tnq
o _"u.td sezvo pnl:r.o:a ia !eu: duu eyl.mdon. : :

T 1;'.' A di.net aeeau tt.omo :lwi.c- n\p'.'uing:

a ho\lsinﬂ

st :|.uu= one disk muntoé ‘4n said housing for retation about an

'qxi.s and having at least m lﬂl‘k surtace for -ccrtng dataj

moto-na:lstivo (MR) emsdueor naans munr.od toz 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 ineluding a write
slement and a rsad element, said read slement having a width less than

. sald wz'_iu- elament and sald read -J.mn: widch being greater than 1/3 of
a data cylinder; and

-
7

nu: for writing on said u-x lu:!aea [ 3 servo pnt:tcz-n et a

‘predetermined track pitch of less than 1/2 of a data cylinder and said

sexvo pattezn including & 360‘ phase burst difference between adjacent

o bursts. wmnn a p:m:.mm bmry number of dats eyundon.
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