1 | ) METHOD AND APPARATUS FOR PHASE MODULATEd SER
POSI TI:ONI'NG | N A DI RECT ACCESS STORAGE DEVI CE .
BACKGREGNS OF THE | NVENTION .~ Field of the Invention 'b?l/-' ‘2
SI
Sul @y %@a )
usgr.. hé’d@?ﬁ i

ivention relates generally to a phase nodul ated ser Vof

instabilities. Comput ers often include auxili aW
uni ts having nmedia on which data can be witten and fr ogRW
read for later use. MEEHORIANDARRARATUS FOBr FySEt MORYPLATER BN
~rotated rigid nmagnet i EOSATESGSING EN Us ®ARECT ASCES 9 FFORAGE] DENT CEIH
on the disk surfaces. Data is recorded in concentric, radially spaced data

i nformation tracks arrayed O CRGROUND OF THE INVENTION

Field of the Invention

The present invention relates generally to a phase modulated
servo positioning system in a direct access storage device (DASD)
and more particularly to a phase modulated servo method and
apparatus for use with transducer heads having instabilities.

Computers often include auxiliary memory storage units
having media on which data can be written and from which data can
be read for later use. Disk drive units incorporating stacked,
commonly rotated rigid magnetic 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 a path
toward and away from the drive axis write data to the disks and
read data from the disks. -l -

All DASD units must have a method to position each data head
over the proper radial location to write a track and again, to
position it very close to the same location to read 'the track.
With the higher level files using a voice coil type of actuator,
a feedback mechanism must be provided to locate and stably hold
the head on a given-track. Typically., track accessing and track
following are provided utilizing a magnetically written pattern
in the DASD unit. A dedicated servo system employs one surface
Oof one of the disks in the DASD on which to have all the tracking
and access information. A sector servo system uses small
portions of tracks between each or between several sectors on
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REPLACED SFE@Q&?wrltéx%echnology for DASD, however, the MR head's w&%st

characteristics is head instability. The term head instability
is used to describe a number of readback waveform abnormalities.
Although the exact cause of head instability is not known, the

‘most popular model states that head instability is due to non-

linear changes in the transfer curve of the MR element. These
Jumps may be due to non-linear changes in magnetic domain
movement in the MR element. The jumps in the transfer curve
cause corresponding Jjumps in the readback waveform. Most
importantly, the non-linear features of the element transfer
curve change each time the head is excited. The excitation
typically is due to writing data, but can also be due to landing
the MR head on the disk, hitting an asperity on the disk or
changing MR bias current.

-A problem exists to generate a position error signal (PES)
from a phase modulated (PM) servo pattern in the presence of
magnetic recording head instability. When instabilities are pre-
sent in the readback signal, a PES generated from a phase
modulated (PM) servo signal can result in a track misregistration
(TMR)} error.

SUMMARY OF THE INVENTION

It is a principal object of the present invention to provide
a phase modulated servo method and apparatus for use with
transducer heads having instabilities that overcomes many of the
disadvantages of prior art afrangements.

In brief, the objects and advantages of the present in-
vention are achieved by a phase modulated servo method and
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each track of each data surface to provide the tracking and access
inforpatiopn. A hybrid servo systemuses both to obtain advantages of each
type of sefvo. Magnet o-resi stive (MR) heads are a great advancenent
in read/wite technology for DASD; however, the MR head's worst
characteristics is head instability. The term head instability is used to
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objects and advantages, can best be understood from the following
detailed description of the embodiment of the invention
illustrated in the drawing, wherein:

FIG. 1 is a schematic and block diagram of a data storage
disk file embodying the present invention;

FIG. 2 is a diagram showing the accessing mechanism for a
single disk surface of the apparatus of FIG. 1;

FIG. 3 is a block diagram represenpdkfon illustréting
apparatus for carrying out the servo demodulation method
according to the present invention in the data storage disk file
of FIG. 1;

~

FIG. 4 is a chart illustrating a stable readback signal -and
a readback signal with instability shown in dotted line;

FIG. 5 is a chart illustrating a high gain servo pattern for
reference tracks of the invention together with a standard gain
servo pattern.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS

In FIG. 1 there is shown a partly schematic block diagram of
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a phase nodul ated servo nethod and apparatus for use with transducer heads
having instabilities that overcomes many of the di sadvantages of prior art

ar r angenent s. In brief, the objects and advantages of the present
i n- vention are achi eved by a phase nodul ated servo net hod and RO 9 93
034 4 3 apparatus used in a disk

file. The disk file includes at |east one disk nounted for rotation about
an axis and taPEtdi 8k hadrtat stewage shekdfile difr includioy st dartiangtdatge At a
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THE DRAW NG configurations may be used. Unit 12 is illustrated in simplified
form sufficient for an understanding of the present invention
because the utility of the present invention is not limited to
the details of a particular drive unit construction.

Referring now to FIGS. 1 and 2 of the drawings, disk drive
unit 12 includes a stack 16 of disks 18 having at least one
magnetic'surface 20. The disks 18 are mounted in parallel for
simultaneous rotation on and by an integrated spindle and motor
assembly 26. Data information on each disk 18 are read and/or
written to by a correéponding transducer head 28 movable across

the disk surface 20.

Transducer heads 28 are mounted on flexure springs 30
carried by arms 32 ganged together for simultaneous pivotal
movement about a support spindle 34. One of the arms 32 includes
an extension 36 driven in a pivotal motion by a head drive motor
38. Although several drive arrangements are &ommonly used, the
motor 38 can include a voice coil motor 40:cooperating with a
magnet and core assembly (not seen) operatively controlled for
moving the transducer heads 28 in synchronism in a radial
direction in order to position the heads in regisggation with

- data information tracks or data cylinders 42 to be folilowed 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 operation by signals generated
by control unit 14 such as motor control signals on line 26A and
position cohtrol signals on line 38A.

Numerous data information tracks 42 each at a specific
radial location are arrayed in a concentric - pattern in the
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The present invention, together with the above and ot her objects and
advant ages,; can best be understood fromthe follow ng detail ed description
of .t he enbodi nent of the invention illustrated in the draw ng, wherein:
FIG 1 is a schematic and bl ock diagram of a data storage disk file
enbodyi ng the present invention; £l G 2 i s a di agram show ng the

accessing MeGRARGEM inflas fn U LS, dlisk SUELACS) Ol @h g,g%gtggﬁ L& b

FIG 3 is a blqcg m.represen AL on ustra
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i nvention i n 4hdogathe s{drdagarfacds 20| énotheridgta 1storage didk Gild 16. a chart
i |l ustrating metst dbfermeadhackasisgnal incrhde sepobagkepi Qf\f?degweh& or

instability shewnsédtddQtifd chbR%ontaining g';@edgfirﬁda‘sfﬂar% TREAY! eat%hl ng a

hi gh gain se ttern.for reference tra nvenlontog er with
a standard ga?\ég g%r(%/tg d‘]’ltfa { BpFOFds W 1% A1°‘Ei‘_ E)E%dﬁltﬁfl ERF eV HER PREFERRED
EMBODI MENTS updategq FI G 1 there is shown a partly schematic bl ock di agram
of RO 9 93 034 _
The data information tracks 42 are disposed at predetermined

positions relative to a servo reference index. 1In FIG. 2 one
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 transducer heads 28 from surfaces 20.

Referring to FIG. 3, there is shown a circuit diagram
-1llustrat1ng phase modulated servo apparatus for carrying out the
phase modulated servo method of the invention generally
designated by the reference numeral 50.

In accordance with a feature of the phase modulated servo
method of the invention, servo phase information is obtained from
Utilizing the high gain servo pattern of the invention provides
a modified waveform as compared to a conventional phase modulated
Servo pattern so that the baseline is minimized and the error due
to head instability can also be minimized. Addltlonglly, for a
given radial displacement of the actuator the hlqn gain servo
bPattern provides a larger phase change, so that phase errors due
to instability represent smaller displacement errors.

In FIG. 3 apparatus 50 includes a servo channel including a
dedicated servo surface 20' shown together with a dedicated servo
transducer head 28' coupled to a.servo preamplifier (SPA) 52, an
automatic gain control (AGC) 54 and a servo identification (SID)
filter 56. A data channel includes a data’ transducer head 28
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4 parts of a data storage disk file 10 including a data storage nedi um
general ly designated as 12 and a control unit generally designated as 14.
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multiplexer 64 detects the zero crossing in the readback signal.

The output of the comparator 66 is supplied to a servo phase
demodulator 68.

Comparator 66 applies a sqguare wave signal to the servo
phase demodulator 68 with precise phase transitions based on the
zero crossings of the first harmonic signal. This sguare wave is
then exclusive ORed or XORed with a 2.5 Mhz crystal oscillator

“and the transition differences between these two signals are

integrated over a certain period by servo phase demodulator 68.
The integrator value at the end of this period is proportional to
the head offset relative to the track center line. This value is
referred to as the position error signal (PES).

Referring to FIG. 4, there is shown a stablé readback signal
together with a readback signal with instabiiity shown in dotted
line. . When the MR head 28 is used to read phase-modulated servo
information, the most significant form of head instability is
caused by non-linear jumps in the transfer curve,.of the MR
element. These jumps can occur anywhere along ths transfer
curve, and hence, anywhere within the readback waveform. When
the transfer curve jump causes a readback waveform baseline shift
as indicated at 400, a phase error can result from the detected
Zero crossing by compérator 66 and therefore a position errxor.
This causes track misregistration or TMR. When the non-linear
jump in the transfer curve occurs in the peak of the readback
vaveform, there is little shift in phase of the signal.
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an extension 36 driven in a pivotal notion by a head drive notor 38.

Al t hough several drive arrangenents are commonly used, the notor 38 can

i ncl Ude a*voice coil notor 40 cooperating with a magnet and core assenbly
(not seen) operatively controlled for noving the transducer heads 28 in
synchronismin a radial direction in order to position the heads in
registration with data information tracks or data cylinders 42 to be

foll oned and accReferpang itouFa¢. data Nebtapis gekvoDpitegnoimtjeadesoyf il e 10
i s a nodul an BpatkdtNGloudaid A standdrdggdbn sEieovpddtens CRIYRaBEMts, Qf the
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mat

£
signal's on MHB Sffﬂ.glus_ ChRRARS oUsTIBA ST i nfOF mat' P Pracksidy &ith at a
speci fic radiatunigEank il shangas agkaFivA BhecBRAEIARNERE a¥ast cHAoh maine RO 9
93 034 refers to the angle of the magnetic transfriomagnet te n&givam of each
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gain pattern of the invention that repeats in one track. Since
the angle of the pattern is increased by a factor of four, the
signal-to-noise for the servo chamnnel is effectively improved by
a factor of four. Since the high gain readback waveform does not
flatten out at the baseline, the percent of time that the wave-
form that is at the baseline is reduced. This reduces the effect
that jdmps in the MR head transfer curve have on the detected

phase of the readback waveform.

while FIG. 3 shows circuitry 50 with a dedicated servo
architecture with reference tracks, it should be understood that
the invention applies to sector servo architectures as well. The
dedicated servo surface 20' consists of tracks written on 1/2
Cylinder spacings so that there are two servo half tracks for
each data cylinder. Position is encoded using the standard servo
pattern 502 on the surface 20' by changing the phase with a 2.5
MHz burst by 22.5 degrees in each adjacent servo _half track.
There are 16 half tracks or 8 cylinders befdre the servo pattern
502 repeats. The dedicated surface includes three regions of.
ocuter guard band, data band and inner guard band.

Data surfaces 20 include a pair of reference tracks
consisting of a series of servo tracks written in thé inner and
nuter guard bands on each data sufface. The reference tracks are
similar to the dedicated servo pattern 502.. The refersnce tracks
ire written on 1/4 cylinder tracks. The OD refersnce tracks are
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updat es. The data information tracks 42 are di sposed at

predeterm ned positions relative to a servo reference index. In FIG 2
one sector 44 is illustrated as SECTOR O with a fixed index or mark | NDEX
for properly locating the first data séctor. The location of each next
sector 44 is identified by a sector identigfication (SID) pulse read by
transducer heads 28 from surfaces 20. Referring to FIG 3, there is
shown a circui ¥riditggreihh thesterabi paftelrasEombbid aues tSepueh HERadedreesl Or
carrying out tée phase dDbHal@Hdis8sY0 NBANOD Ofefdi@nédV ERLdKQN aglgnq:rhgl ly

desi gnat ed by 446 Japler SGRAUIREH pfkeern 500 Itébeafecgﬁdilnge% eature

of the phase npdul ated servo net e I nvention, servo

i nformation ist &rned froma high gain servo pattern that is robust to MR
head instability. Utilizing the high gain servo pattern of the invention
provi des a nodi f i edomansesDon, ashe Aitpase b iito dansiw et t@siala 1 phasa ceodyl at ed

servo pattern jsou Q@ttﬂeh@np@@%ﬂlgne:adquws gbz@ 800e: Bes£a0h, dUC 19 head
instability can also iven radia

0 Y,
di spl acement of*%RE 5o ua n%]hewaﬁ'ef% alonhggévw&deaP¥ﬁe’ BFo¥te® & far ger
phase change, %aérPHéfu%ﬁésereéP%%f? élﬁea tlér‘if%?feé"ﬁﬁqtﬁﬁ? Yebreddae atmbhéeer
di spl acenent &r.or ith compengatibhGrefRrappartatgss 5 bath udes dasis@pvandhannel

including a degj caﬁ@dugﬁréaznswé@&ﬁ 200 15 ﬁéweafhe;r thé tducar dediigat ed
servo transducgy, h 28ra Qup ﬁqeégn@e SEEYAsPTERMPLUd T 88, Eg@%ﬁ S%W%er 56

automatic gain contro rvo |dent|f|cat|on
§F59¥q'3 t pdsition

A data channelS5REPTHES %cﬁﬁ’cg?tﬁ‘f@éae pgth the corre

compensation for tracks near the ID and the course position
compensation for the OD. Then the correct position compensation
for tracks near the OD is calculated by first applying the
compensation measured at the ID and then reading the high gain
pattern 500 and determining the exact compensation required.

The readback waveform baseline is greatly reduced with the
high gain pattern 500. This is due to the fact that the head 28
is normally reading three servo quarter'tracks at a time. The
readback waveform is the linear sum of thé ‘signal from each
quarter track where the standard servo péEtern 502 readback =
0.5signal(0°) + signal(22.5°) + 0.5signal(22.5°); and where the
high gain pattern 500 readback = 0.5signal(0°) + signal(45°) +
J.5signal(90°). '
~
While the invention has been described with reference to
letails of the illustrated embodiments, these details are not
ntended to limit the scope of the invention as defined in the
ppended claims.
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RO 9 93 034 6 di sposed adjacent
a data surface 20, armelectronics (AE) 58, an automatic gain control (AGC)
60 ard a dervo filter 62. The phase infornation stored in the servo
patterns is derived by extracting a fundanental harnonic, such as 2.5 Mz,
fromthe readback signal by the high-pass SID filter 56 and servo filter

62. Signals fromeither the dedi cated servo head 28" or servo patterns read
by data transducer head 28, are multipl €watMat an analog mul ti pl exer bl ock
64. A zero-crossing conparator detector 66 coupled to the multiplexer 64

detects 't he zero Crp%isa ué rkcﬁ:hz?en{oﬁﬁ‘ GE & Qé‘é‘é mfa-ﬂ%tgggsoe‘%oosfigtng? in

conpar at or i's su servo phase enD u
Conpar at or 66 appl |%sdl§ksﬁhjaer é:hﬁﬁﬁﬁ—!: &<t 6?‘Fal Dt Bhatthéts‘ﬁ?"\?6li?%se denodul at or

68 with precise phase transitions based on the zero crossings of the first
harnoni ¢ signal . Thits 3ear ensvadiski sotled Esel neiareoORasbur aXORets Wdd a

2.5 Mz crystal osgi]J);ah0Le andst ehed amlshk@&éilfuesrt%%ﬁé d%%h\ﬂ/een these two
signals are integrated over a certain period by servo phase dénodul ator 68.

The integrator value at the end of this period is proportional to
means for writing at a predefined location of said disk

surface a series of servo tracks of a predetermined high
gain servo pattern; said predetermined high gain servo
pattern including 360° phase difference information within
each data cylinder; and

means for detecting said servo tracks for identifying servo
phase information.

2. Apparatus for demodulating a phase modulated servo signal as
recited in claim 1 wherein said msans for writing at a
predefined location of said disk surface a series of servo
tracks of a predetermined high gain servo pattern include
means for wr1t1ng said series of servo tracks on 1/4 data
cylinder spacing and in an outer guard band of said dlSk
surface.

3. Apparatus for demodulating a phase mcdulated servo signal as
recited in claim 1 wherein said means for writding and for
detecting said reference track includes a maqneﬁo-resistive
(MR) transducer head.

4. Apparatus for demodulating a phase modulated servo signal as
recited in claim 1 wherein said means for detecting said
servo tracks for identifying servo phase information
includes transducer means for generatiﬂg a'readback signal
from said disk surface; filter means coupled to said
transducer means for generating a first harmonic readback
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the head offset relative to the track center line. This value is referred
to as the position error signal (PES). Referring to FIG 4, there is
showfi a stable readback signal together with a readback signal with
instability shown in dotted |ine. Wien the MR head 28 is used to read
phase- nodul ated servo information, the nost significant form of head
instability is caused by non-linear junPs in the transfer curve of the MR

element. These jJ q?ﬁgl ca ep&%gg{w%@ﬁ%g&g\&%s urve ldand

hence, anywhere w thin t orm rans er Cufve junmp
causes a readbacﬁ%@‘éf‘ﬂﬁa‘rﬂsbﬁ%lJr‘??é‘téﬁY‘f”tg &89 erﬁoéﬁ’tr&F &€ 2o Litshase
error can resul t barpppich@eaddvait 8élgnedr-o cr ossi ng by conparator 66 and
therefore a position error. rhis causes track m sregistration or TI\/R When

the non-Ii nee; J%gaamrrsh@o} '&@Héé\ﬁ ﬁg%epﬁ%%qréauw%éme%%lg%
BgzdbaCk wave Orm 1te 1nI cl v tt 1ew§1ere1n sal ?ﬁ%gnso f%ef"érﬂ':tgﬂ% f“(') '1-| G 5938.

hi gh gain servo paetefinedndpeatiion of S&%r‘b’cﬁ{‘eﬁumeaﬁcﬁ%lﬁ a@fl@egdvgai n
servo pattern indraetedfby predetermined high gain servo pattern includes
means for writing two signals of the same frequency having
a predetermined phase difference between adjacent servo

tracks.

6. Apparatus for demodulating a phase modulated servo signal as
recited in claim 5 wherein said predetermined phase
difference between adjacent servo tracks is 45°.

7. A phase modulated servo method used in a disk file including
at least one disk mounted for rotation about an axis and
having at least one disk sgrface for storing data, said
method characterized in that it ¢omprises the steps of:

writing at a predefined location of said disk surface a
series of servo tracks of a predetermined high gain servo
pattern; and said predetermined high“gain servo pa;Eérn
incluaing 360° phase difference information within each data
cylinder; and '
. e

detecting said servo tracks for identifying servo phase
information.

k. A phase modulated servo method as recited in claim 7 wherein
said writing step includes the steps of:

writing said series of servo tracks on 1/4 data cylinder
spacing and in an outer guard band of said disk surface.
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bracket 502. In FIG 5, the servo patterns 500 and 502 are shown with

radi us changes relative t he vertical axis and circunferenti al
chandges rel ative the horizontal axis. High gain refers to the angle of the
magnetic transitions in the servo burst. The angle is greater for the high
gain pattern; and therefore the phase ctmnges faster for a given radial

di spl acenent. F % 5 shows the burst pattern for. both the standard phase
pattern that?repdaPdHh PO CHARYCMRFPAS N FETF TG4 1 Fat P n"RATSRe
invention that r&pédt&Esknigifeinglades aSapdicathd spAyP susfaehcoptaindng i s

i ncreased by a facpbduradfitloof sdrive ragkal of Gtaod®srl hoin tdweveeparreahannel i s
effe;:tl ve‘ljy '”pr?\/lﬁdwtbé/réinf %s&@[sgieéouf-Télv@cer&m hlsgurtg@eéfﬁ [iﬁaQH?ﬁkt .
wavef orm does no e. pasel i efcent o [ a e
wave- formthat ioggé’? %u%gdg%%neff’ﬁep?lsé)%égﬁc% .faér%ieéélgrge%rﬁ%lgg %fhcéluggfect t hat
junps in the MR KBEdSteRREFeFTEtiTPe Ahadl HIThE Yt dapddophiaid diskhe
readback wavef or surface a seffiebeofFE& v tsdhssotisaddisttapdat watlh serdedi cat ed
servo architectupgtwéddh reference tracks, it shoul d be understood that the

i nvention applies to sector servo architectures as well. The dedicated
servo surface 20 consists of tracks wjtten on 1/2 cylinder ggaci, ngs so
that there at® tfo%EFSo HHPS: PLRRATS Véﬁ%hc'tbaaﬁaﬁt@iﬁzieﬁdéﬁ tBeki tfon is

encoded using t heomezis@sard servo pattern 502 on the surface 20' by changing
the phase with a 2.5 Mz burst by 22.5 degrees in each adjacent servo half
track. There arezlffighk;tracks or 8 cylinders before the servo pattern 502
repeats. The dedicated surface includes three regions of outer guard band,
data band and i nner guard band. _Data_surfaces 20 include a pair of
ref erence tracks@kdifeFstanfgdbik BOWREGdedn GRISAIYE1T BRSO F IR APPEE t he

i nner and puter guaxxishamdshavingacelt detst suef dégk sHrdaceffrrerscerimacks are

data;

transducer means mounted for movement across said disk
surface for reading and writing data and predefined types of
servo identification patterns to said disk surface;

means for writing at a predefined location of said disk
surface a series of servo tracks of'é predetermined High
gain servo pattern; and said predetermined high gain servo
pattern including 360° phase difference information within
each data cylinder; and ~

means for detecting said servo tracks for identifying servo
phase information.

RO 9 93 034



si-mlar to the dedicated servo pattern 502. The reference tracks are
witten on 1/4 cylinder tracks. The OD reference tracks are RO 9 93 034
8, witten with the servo pattern 500 that runs through 360 degrees of
phase on one cylinder. The 1D reference tracks and the dedi cated surface
servo pattern 500 repeat in 4 cylinders or tracks. For DASD 10, the
linear bit density is typically twice @ high at the inner disk radius as:

at the outer disk ragitifor ARbSArsaHERSs FOR S0adbaciorwars kbt 0 have wide
pul ses at the ID and\ﬁ&?#gg&ﬁﬁl $eS D&Eé&# LPggd %TBR‘L%S%YP%,(EM age of

baseline at the OD. onpensati1 on reference trac a th the disk OD
and I D, the high gain pattern 500 is only needed at the outer radius. The
i nner radius reference tracks use theébBbuacttrack type standard servo
pattern 502 to deternmine both the correct position conpensation for tracks

near the 1D and tDgGQur 36a @bl AEOMRERRA EhANadiratie L pIBeldde
correct posi tfl on congengat;ﬁgfn for Elr a&.ki Pe.%r .the OD is calcul at(gi y first
appl yi ng t he *@bM5&n343 GhSheddfr ed Gt et 15 ARG REN2 T S8AF MGREHE i gh gai n
. mounted for rotation about an axis and the disk has at least one
disk surface for storing data. At a predefined location of the
disk surface a series of servo tracks of a predetermined high

gain servo pattern are written. The predetermined high gain
servo pattern includes 360° phase difference information within
} each data cylinder. The servo tracks are detected for

identifying servo phase information.

Figure : 1
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patternZ500 and deternining the exact conpensation required. The
readbagkfﬁbﬁ%foranaseline_is greatly reduced with the high gain pattern
500. This is due to the fact that the head 28 is normally reading three
servo quarter tracks at a tine. The readback waveformis the |inear sum of.
t he signal fromeach quarter track where the standard servo pattern 502
readback = 0.5signal (O[err]) + signal (22.5[err]) + 0.5signal (22.5[err]);
and where the high gai.n pattern 500 readback = 0.5signal(0O[err]) +

signal (45[err]) + 0.5signal (90[err]) Wil e the invention has been
described with reference to letails of the illustrated enbodi nents, these -
details are not ntended to limt the scope of the invention as defined in

t he pended cl ai ns. 9 93 034
FIG. ™1

| . 264N | CconTROL uNIT |4 {9
} — ] [ 364

‘gvo> 16\ ’2\ &9X 36') 1

\ \ \ g 3, / — E 40

\ A ST I %

:RL—m‘?m;?—_—&%\ :
N — 8

T I i AN :

\f: < o 3 32 I : 38

\ il Hm____mp% LY
A :

7z 1 11 y 56
E T\L)X\\\\\\\:\K‘\.“ \X\\\\\\\\T‘HPSX S S IS NI XS :
26~ 28 34
/46 //2
20 7 o ] T
i SECTORO
Z A /- INDEX )
)
iR



9-

phase ﬁnduhated servo signa
= | east one di sk nounted for

| east one di sk surface for storing data,;

COI’TpI’I ses | at

havi ng at

at a predefined.location of said disk
of a predeterm ned high

gain servo

in

CLAI M5
a disk file characterized in that

rotation about an axis and
means for witing -
surface a series of servo tracks
sai d predeterm ned high

pattern including 360[err] phase difference infornmation

gai n servo zpﬁt tern;

1.

Apparatus for denodul ating a

it

Wi t hin each data cylinder; and nmeans for detecting said servo
tracks for identifying servo phase 1 nformation. 2. JApparatus for
denodul ati ng a phase Jnodul at ed s*rvo sig al (as recited in claiml
wherein said neans for griting af a pr gdefi ned |l ocati dn of said disk
surface a series of gewo t a§¥s of |a prgggger i ned hijgh gain servo
pattern include nmeans fgr wi spi d|sefuwes ¢f servq tracks on 1/4
dat a cylinder sga¢’ndBand—h & %&t, uSs'gPapd of sdid disk
surface. o = =
— =z
%) <
Ty
‘ no
< -
I <
a. J
So
ocQw
>0
=
gl
O
L0 "
[€a)
_ pa
. ==L
Q A=
< o = E&
a. g I L QO <TWw
wnwn - I Q.
o O
> < O
an — wo
~ wl << N
0] w s0} (o}
N Q¥
TN |
N -
] ~ )
N N
) N N
N N
. N N
[N Y
@D N N
— ™ ™
N N
Le o N o N
9y N AN
\\\:\ ’ \\~\\
Y
N hl

_s_‘__~__~“;ﬁ‘_~;~

This Sheet H.

Wi



3: Apparatus for denodul ati ng a phase nodul ated servo signal as

recited ih«claim1l wherein said neans for witing and for detecting
said reference track includes a nagneto-resistive (MR) transducer
head. 4. Apparatus for denodul ati ng a phase nodul ated servo signal as
recited in claiml rein said means for detecting said servo tracks
for identifying ser:,/\Ejj hase i nf4rmati on i ncP{¥des transducer neans for
generating a readback Srgnal - fromsaid disk surface; filter means
coupled to said transducer neans for g ar noni c

erating a first

readback RO 9 93 034 A Si conpar at or
means coupled to id § Afilter ‘neans f rossi ngs of.
said first . Raf noni adback signal. denodul ati ng
a phase nodul ateg serv in said
means for witing jat a \
series of servo L
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~

stracks of a predetermined high gain servo pattern includes means for -

witing two signals of the same frequency having a predeterm ned phase
di fference between adjacent servo tracks. 6. Apparatus for

dernodul ati ng a phase nodul ated servo signall aspepLAcE W 2 ) o3
wherein said predeterm ned phase di ffergr!_g&cﬁé‘g%g%ﬁ; ] Q%E%t R fvo
tracks is 45[err].. 7. A phase nodul zged SAr Qi IE ot s a1 R Eﬁ:&ﬂsg flile
i ncl udi ng at | east one di sk mount 88°fof g& 1;:139 ﬂab%g@gfe}&éﬁx?%cﬁn%
having at |east one disk surface for storih E%@a;_t ?i_‘opag"ﬂ'__ PHgged 2
characterized in that it conprises the steps of 2>0act  Rgpd imdo Raged .=
predefined | ocati-on of said disk surface a series of servo tracks off a

servo pattern ng 360} phase difference information Wwthin €
dat a cyl i nder; * detecting said servo tracks for identifying

predet er ni ned hi ghF‘%:'IrL@ervo pat t er n; LaBATEaOH BF@EE?EI.!ﬂré}’d’f'ﬁi.éggcﬁai n
c
a

servo phase i nf or mati on. A phase nodul ated servo nethod as
recited in claim?7 wherei'n “sai d244i hg cORPROIC! yeaT t e/ eps /g :
/| cvlinder

witing said series of servo tracks on
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RO 9 93 034 9. A phase nodul ated servo nethod as recited in
claim?7 wherein said disk file includes a dedicated servo surface

cont ai ni ng a plurality of servo tracks of standard gain servo pattern
and wherein said series of servo tracks is witten in an outer guard
band of said disk surface and further includes the step of: witing at

an i nner guard band of said disk §y5face a series of servo tracks of

said standard gain servo pattern. 10. A direct access storage device

characterized in that it conpri ses: a housi ng; at | east one
ion about an axis_and having at

di sk nmounted in said housing for r

| east one di sk suTLaee—Lngstoring
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dat a; t ransducer nmeans nounted for novenent across said disk
surface for reading and witing data and predefined types of - Servo

'identificatioh patterns to said disk surface; nmeans for witing at a

predefined | ocation of said disk surface a series of servo tracks of a

- predet erm ned hi gh gain servo pattern; and said predeterm ned high gain

servd pattern including 360[err] phase difference information within -

each data cylinder: GB ans for detectiggasaid servo tracks for
i denti fying servoT:-]? ase iﬁfgrnation. RO 9 93 034
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