HYBRL D SERVO PATTERN AND DEMODULATI ON SYSTEM FOR DI RECIABEEEY
“STORAGE DEVI CE ACTUATOR . PCSI TI ONI NG

BACKGROUND OF THE | NVENTION = 1. Field of the Invention ~Thi s
invention relates: to Direct Access Storage De- vice (DASD) track seeking
~and centering systems and, nore particularly, to efficient servo patterns
for actuator positioning. 2. Description of the Related Art -
There are two general forns of servo patterns and denodul ati on techni ques
avail abl e for generating actuator posijion information in Direct Access
St orage Device (DASD) file systens. The earliest of these is the Anpli -
tude Burst servo pattern that uses. an anplitude denodul a- tion process.
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BACKGROUND OF THE INVENTION
1. Field of the Invention

This invention relates to Direct Access Storage De-
vice (DASD) track seeking and centering systems and, more
particularly, to efficient servo patterns for actuator

positioning.
2. Description'of the Related Art.

There are two general forms of servo patterns and
demodulation techniques.aQailable for generating actuator
position information in Direct Access Storage Device
(DAéD) file systems. The earliesﬁ of these is the Ampli- .
tude Burst servo pattern that uses an amplitude demodula-
tion p;océss. Two or more circumferentially separated
servo signai bursts are disposed such that they are de-
tected in sequence, haviﬁé a radial separation of a cer-
tain proportion of the track spacing. The more recent
Phase-Encoded servo pattern uses a phase demodulation
process. Again, two or more circumférentially sequential
phase-encoded signal bursts are disposed such that they
are sequentially deteéted having a radial séparation of a
certaln proportion of the track spacing. Both of these
servo pattern schemes are embedded within a partlcular
information format written on rotating DASD storage disks

in any of several well-known manners.

- ‘Sensor actuator positioning using servo data is ac-
complished in two stages: coarse positioning or track

seeking, 'in which the sensor is directed from a random



Phase; Encoded servo pattern uses a phase denodul ati on process. Again, two
or nore circunferentially sequential phase-encoded signal bursts are

di sposed such that they are sequentially detected, having a radi al
separation of a certain proportion of the track spacing. Bot h of these
servo pattern schenmes are enbedded within a particular information format
‘witten on rotating DASD storage disks in any of several well-known

. manners. Sensor actuator positioning using servo data is ac-
‘conplished in two stages: coarse positioning or track seeking, in which
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with such . schemes is that the servo burst flelds occupy

storage area that otherwise would be avallable for record—

ing data.

Both the amplitude burst and phase-encoded servo
tracking systems have particular advantages and disadvan-
tages with respect with one another. The amplitude burst
system operates well with signal bursts that are relative-
ly high in fiequency because the positional information is
entirely available from the servo burst amplitude alone.
This independence of freguency and phasé permits extension
of the amplitude burst system to a wider variety of DASD
designs. Conversely, the cylinder identification modulus
of amplitude burst systems is. limited to the one or two
cylinders that can be non—ambiguouSly discriminated with
servo burst signal amplitude alone. This low identifica-
tion modulus means that an additional cylinder number or
sector identification field such as the well-known Gray
code cylinder number is necessary for coarse positioning
information during track seekihg. Such additional- fields
consume'significant disk space, thereby negating some of
the spatial efficiency benefits of the amplitude burst

systemn.

The phase-encoded system can operate with a substan-
tially higher cylinder identification meodulus than the one
or two cylinders available with amplitude burst encoding
because many different signal phases can be encoded in



tages ,Wth respect wth one another. The anplitude burst system operates
well with signal bursts that are relative- |y high in frequency because the
positional information is entirely available fromthe servo burst anplitude
al one. " Thi s i ndependence of frequency and phase pernmts extension of the
anplitude burst systemto a.wi der variety of DASD designs. Conversely, the
cylinder identificatiron nodulus of anplitude burst systens is. limted to
the one or two cylinders that can be.non-anbi guously discrimnated with
servo burst signal anplitude alone. Bhis |low-identifica- tion nodul us neans
“that an additional cylinder nunber or sector identification field such as
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positional resolution and signal-to-noise ratio available
for the fine track-following positioning using the phase-
encoded bursts. These problems can be mitigated with
longer phase-encoded bursts or the addition of a Gray code

" field, but both techniques consume more disk space.

The existing art is replete with proposals and teach-
ings ' for increasing the storage capacity of DASDs and
similar rotating storage devices. Although'most of the
knowledge in' the art is intended for DASD files using_
magnetic data storage techniques, the principles are
equally useful for rotating data storage devices using
6ptical'data storage and retrieval techniques.

Improvements to the amplitude burst'system for sector
seek and track following ihclude U.S. patent 4,516,177
issued to William G. Moon et al and U.S. patent 4,823,212
issued to Vernon L. Knowles et al. Moon et al teach the
use of a combination of optical encoder and amplitude
burst servo sector surfaces on at least one of a plurality
of rotating data storage disks in a low cost sensor actua-
tor tracking system. Knowles et al teach a system for
normalizing the servo code amplitude burst in a disk drive
that includes an improved dual-frequency embedded servo

code format with an automatic gain control field.



whi | e mai ntai ni ng accept abl e adj acent track phase change coherence. This.
i s because the phase-encoded bursts are witten side by side on adjacent
tracks or sectors. Also, use of l|arger nunbers of different phases reduces
the positional resolution and signal-to-noise ratio available for the fine
track-foll owi ng positioning-using the phase- encoded bursts. These

probl enms can be mtigated with | onger phase-encoded bursts or the addition
of a Gray code field, but both techniques consune nore disk space.

The existing art-is replete with proﬂbsals and teach- ings for |ncreaS|ng
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Moon et al teacH“afd2psa? SRVAT ISP O] B Y 25PR cal encoder and anplitude
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with an aut omat |%°r éﬁcﬁuﬁﬁﬂ POFifiopigy in 1'5as Hill et al teach the
comblnatlon of a phase-locked loop and low-pass filter for

eliminating undesirable DC offset positioning errors in an

amplitude burst demodulator.

In U.S. patent 4,616,275, Bradford D. Peeters disclos-~
es a servo pattern and servo detector for use in sector
access and tracking on a maénetic disk storage device.
Peeters teaches the use of a 1F-2F servo pattern permit-
ting the 'servo detector to generate a p051t10n signal
proportlonal in amplitude and polarity to the extent and
direction that the data sensor transducer is offtrack,
essentially detecting and thresholding a single servo
burst signai instead of balancing two servo burst signals
as in the typical amplitude burst demodulator.

In U.S. patent 3,534,344, George R. Santana discloses:
an early magnetic amplitude burst system for track follow-
ing. . Santana suggests recording oppositely-poled constant
fluxes subjéct to periodically occurring data freguency
flux rgversals to better separate servo burst signals on

adjacent tracks.

In U.S. patent 4,085,427, David Dunn proposes a data
sensor actuator. positioning system wherein a pair of am-
plitude burst signgls are first pre-processed to equalize
the DC offset errors in each and then further processed by



4 ; In US patent 4,688,118, Vernon L. Knowl es et al teach a servo gain
conpensation technique for mnimzing servo gain variations fromone data
sensor transducer to' another by using servo burst patterns and net hods
that permit magnetic sensor transducers of differing widths to overlap an

i nvari ant servo burst area. In U S patent'4, 539,608, John P. H Il et:
al teach aTow of fset position-denodul ator that can be used for sen- sor
actuator positioning in a DASD. H |l et al teach the conbination of a
phase-1 ocked | oop and | owpass filter fkor elim nating undesirable DC offset
positioning errors in-an anplitude burst denodul ator. In U S patent
4,616, 275, Bradf orgkaP. délgsttéps nHags| Us deeslap aeractupbdt gonitimh sefryo

detector for use ifisse€tal tBecest1anshd-acki ng on a magnetic di sk storage
devi ce. Peeters teaches the use of a 1F-2F servo pattern pernmit- ting the

servo detector to generate a position signal proportional in anplitude and
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disclosed by Frederick E. Axmear et al in U.S. patent
4,549,232.' Axmear et al teach the use of a plurality of
constant frequency fields each having a phase shift be-
tween tracks. Servo information is encoded in the phase of
the servo pattern instead of the amplitude of the servo
signal lobes. Multiple phase shifts per track are used to
provide-a sequentially éhanging_signal phase as a function
of radial data sensor actuétor.displacement.

Before the Axmear et al patent, Neils H. Hansen et al

in U.S. patent 4,488,188, and Martin H. Dost et al in U.S.

patent 4,490,756 disclosed a track seeking and following

servo coding and detection system that employs a servo

pattern using reference and control signals. Hansen et al

teach the use of two fregquencies, distinguishing a refer-

_______ ence -signal of one frequency from a control signal of
another frequency. Adjacent control signals are recorded
with 180¢c phase difference to faciiitate discrimination.
Hansen et al neither consider nor suggest the use of sig-
nal phase to determine actuator track location. Dost et
al suggest a tetra-orthogonal phase relationship between
adjacent control signals to facilitate discrimination of
adjacent tracks.. This phése relationship cyclically re-
volves by 90o from track to track, répeating—%he pattern
every four tracks. However,'Dost et al use the phase



S peak detection neans to devel op an actuator position error 5|gnal in the
usual manner. In U S patent 4,238,809, Masao Fujiki et al discuss a
servo tracking apparatus with a novel recursive servo burst pattern that
al l ows derivation of both actuator velocity and direction from servo burst
anplitude signals by testing pul se anplitude changes over tine.
Practitioners in the art have al so proposed substan- tial inprovenents to

t he basi ¢ phase-encoded servo track- ing nethod known in the art.
Phase-encoded tracking is disclosed by5Frederick E. Axnear et al in US.

pat ent 4, 549, 232. Qﬁ%%%msq‘tg:“ (ﬁias%hu}lﬁhqngfgs etween gonral |t of co stant

frequency fields e avin E ase tween™ [ac 3§e
information i s encoifSyeRTY t HeVpRed eaRAvet Héesé’ﬁﬁ%)‘?e@&?t éﬂﬁn?]nsfré%‘eéﬂt he
anplitude of the ssrdvdosnginabniicleesor shbbéstpltBe pllase-atnddisg pRyatireck are

used to provide a ggQuegidablya Redag si anal phase as a function of
radi al data sensofr actuator displacenent. Before the Axnear et al

patent, Nei'ls H Hansen et al in U S. patent 4,488,188, and Martin H Dost
et al in U S patent 4304868788 8itsti&89e80% ﬁra%#@%‘eék-lhgﬂtaﬁh digicle9¢ ng
servo codi ng and detethbdnany Hpparitiad ferpledysinating VOC pefflset Nibl Sting
reference and contgéaivosew@laagaéa&sw glgdral 8354 &G W36 id Wemory

frequenC|es dIStup%ﬂIShl 91 eéeffruse é phase-locked loop technique to

lock onto a desired track with a two-phase guard band code

in each sector.

In U.S. patent 4,811,135, Donald W..Janz discloses a
three~-phase servo pattern for data sensor actuator posi-
tion control. Janz teaches the use of phase-encoded servo
tfack offsets to provide improved signal amplitude dis-
crimination and automatic gain control, thereby permitting
use of servo patterns having a radial dimension greater
than the distance between adjécent tracks.

In U.S. patent 5,041,926, Harold C. Ockerse et al
disclose a system for eliminating track position syncopa-
tion in a DASD. Ockerse et al disclose a servo format for
cancelling adjacent pulse influences, timing skews and
amplitude sample decay. They propose a four-phase servo
code disposed on a dedicated servo disk coupled to the
other disks in the DASD and do not consider servo burst

encoding of the data storage disks.

Despite intensive efforts by practitioners in the art,
-there femains a continuing clearly-felt need for improved
spatial efficiency in DASDs using optical and magnetic
media. This need is probably a direct result of the con-
tinuous improvements in DASD data density arising from
reductions in inter-track spacing, increases in bit re-
cording densities-and improved sector-seeking- and track-
following actuator speeds. Until now, nd method existed



ence signal of one frequency froma control signal of another frequency.
Adj acent control signals are recorded with 1800 phase difference to
facilitate discrimnation. Hansen et al neither consider nor suggest the
use of sig- nal phase to determ ne actuator track |ocation. Dost et al
suggest a tetra-orthogonal phase rel ationship between adjacent control
signals to facilitate discrimnation of adjacent tracks. This phase

rel ationship cyclically re- volves by 900 fromtrack to track, repeating
the pattern every four tracks. However, Dost et al use the phase
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This invention makes use of both amplitude and ﬁhase_ -
information within the same servo burst pattern to derive
both coarse track-positioning information and fine track-
centering information from the same felétively short servo
burst field.

Combining both amplitude and phase information within
the same servo burst field produces a hybrid servo pat-
tern. Decoding the phase information within the brief
servo bursts of the hybrid servo pattern is made possible
by addition of a reference phase signal to either the
Write Recovery or Servo ID field within each sector. Use
of the Write Recovery field for the reference.phase signal
is most efficient because it requires no additional disk

space.

In operation, the amplitude and phase ihformation is
extracted simultanéously from each sector. First, the
amplitude of each servo burst signal is determined. Sec-

"ondly, the phase of the servo burst signal having the
largest amplitude is decoded to identify the coar#e actua-
tor position. Finally, the amplitudes of two segquential
servo burst signals are balanced to provide fine actuator

tracking error information in the conventional manner.

It is a feature of this invention that the large phase
distribution modulus of the hybrid servo burst signals



suse aof servo patterns having a radial dinension greater than the di stance
bet ween adj acent tracks. In U S patent 5,041,926, Harold C Cckerse
et al disclose a systemfor elimnating track position syncopa- tionin a
DASD. Ockerse et al disclose a servo format for cancelling adjacent pul se

i nfluences, timng skews and anplitude sanple decay. They propose a

f our - phase servo code disposed on a dedicated servo disk coupled to the

ot her disks in the DASD and do not consider servo burst encoding of the
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-are sol ved by thi %d-{rar.]ﬁ/tearc];tel (o)P 'l'!hrzll.st :Pr?vention that the sector owverhead sbace
required for servo and identification fields ié.less than

that required for either the conventional phase~encoded

system or the conventional amplitude burst servo system

alone.

The foregoing, together with other objects, features
and advantages of this invention, will become more appar-
ent when referring to the following specification, claims

and the accompanying drawing.

BRIEF DESCRIPTION OF THE DRAWING

For a more complete understanding of this invention,
.'reference is now made to the following detailed descrip-
tion of the embodiments as illustrated in tlie accompanying

drawing, wherein:

Fig. 1 shows the general format of sector location and

identification fields known in the prior art.

Fig. 2 provides an illustrative embodiment of a
quadrature amplitude servo burst pattern from the prior

art;

Fig. 3 provides an illustrative embodiment of a phase-

encoded servo pattern from the prior art;

Fig. 4 provides an illustrative embodimént of the

hybrid servo pattern of this invention;



dranner descri bed bel ow. SUMVARY OF THE | NVENTI ON

This invention makes use of both anplitude and phase information within the
same servo burst pattern to derive both coarse track-positioning
information and fine track- centering information fromthe sane rel atively
short servo burst field. . Conbi ning both anplitude and phase :
information within the same servo burst field produces a hybrid servo pat-:
tern. Decoding the phase information.within the brief servo bursts of the
hybrid servo pattern is nade possi bl esby addition of a reference phase '
signal to either the Wite Recovery or Servo ID field within each sector.
Use of the Wite Recovery field for the reference phase signal is nost .

ef ficient because itFigeqli mesvidesdei tildastiratiek ejbddement of the operation,
the amplitude andyBbascsd:ihosdbteln idrSafiddiah! &fbesh b LABE ATl LLOM each
sector. First, a%. e anplitude of each servo burst signal is det erni ned.
Sec- ondly, the .phase of the servo burst signal having the |ar gest
anplitude i s decoded. ¥4 i GefR9¥ey 2t HEPicaar diskaepparatusr fpoyhitlorthisi nal |y,
the anplitudes ofinventieqieniseghlservo burst signals are balanced to
provide fine actuator tracking error information in the conventional
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The Servo Gap

Fig. 1 illustrates the general format of the sector
servo gap known in the art. Several radially adjacent
sectors are disposed along a pluralify of concentric
tracks (N-3)~(N+3). These concentric tracks are illus-
trated in linear form for ease of undérstanding. They may
have several such sectors or may be limited to a single
sector around a concentric circle. Proceeding circumfer-
entially from the sector start 8 onh track (N-3), the Write
Recoﬁéry (W/R) field 10 is first reserved to permit the
data channel to switch from a write mode if necessary.
This brief time delay is necessary when the data channel
is switching from writing data in a preceded -sector to

reading data in the current sector.

. Following W/R field 10 is the Servo Identification -
(SID) field 12, which contains data related to the type of
servo pattern and demodulation system employed, such as
servo burst timing data, and zone data for actuator posi-
tion, such as whether the sector is an index sector or
whethef the sector is in or out of the data secfor band.
SID field 12 sometimes includes coarse cylinder position

data typically written as a Gray Code number.

Following SID field 12 is the Servo Burst field 14,
which contains either amplitude servo bursts~ (not shown)

or phase-encoded servo bursts (not shown), depending on



8 provides a large cylinder identification nodulus that permts efficient
hi gh- speed seeki ng wi thout decoding a |l engthy sector identification field.
It is an object of this invention to reduce the sector field space occupied
by sector positioning information w thout |osing actuator positioning
precision. It is an advantage of this invention that the sector overhead
space required for servo and identification fields is I'ess than that
required for either the conventional phase-encoded systemor the -
conventional anplitude burst servo syst®m al one. The foregoi ng,

together w th ot hej. ki, v.ant a f:this_inyention,.
W Igl becone nore :é?oar - Qg%%nm%g%{#{aﬁg?%}%aé%om?heg’f}o}lﬁgw _ gsels-‘f)%\éuﬁs%at I on,
claims and the acc"g‘rﬁplgny]i%glﬁjr%mﬁﬁ@?“ Identification GFEGER)DESERE PIPON OF -
THE DRAW NG wiigh dsnadlec cdepimdnaterh deves tbaneli Mderdfiftbatsionny@MD) on,
rﬁL e(r]I ence is noyvI Fﬁ.(iﬂ.dt QnéI bl_eef@Ad.ovwsmgxﬂeﬁ@{ﬂwdgd@&fiﬁhateéi&n_tﬁfe Lhe -
enbodi nents as i rat ed A, conpanyi r.aw n erein:. Fig.
1 shows the genera#l%% efrafrfat EJ.o ag'e ,‘tgéf:hel (r)p(%g %/%%qar? %%gffc\f@ogatll-soﬁl??nel ds. °
known in the prioroV&ft to 2 DatgiRieldrl18, ¢rptgdning the| fatka ridwtydsei®odi nent
of a quadrature anfsndeddforsetvoadruistthraDash file omIhhehe@rseotommbegin-
- ning at start 8 on' track (N-3), the "servo gap" consists
of fields 10-16 in combination. The space éllocated to
this servo gap-befween start 8 and end 17 represents sec-

tor space that is unavailable for data storage.
The Amplitude Burst Servo Pattern

Fig. 2 provides a typical format known in the art for -
a quadrature amplitude burst servo pattern. The pérticular_
example uses four servo burst sub-fields (A, B, C and D)
that have specific physical relationships among themselves
and the radially adjacent tracks. The frequenéy and phase
of these four bursts do not affect tﬁe demodulation system
because this system considers only the relative amplitude
of a single pair of circumferentially sSequential bursts as
it passes under the data sensér. The sensor actuator
radial position with respect to a track centerline such as
track centerline 20 is uniquely determined by the relative
amplitudes of four servo bursts (A-D) such as the four

servo bursts 22-28.

- " This process is readily understood by consideriﬁg the
relative amplitude of servo burst A22 and B24 measured by
a sensér radially positioned at track centerline.zo. Any
movement of the sensor radially from centerline 20 de-
creases the amplitude of one servo burst and increases the
amplitude of the other, resulting in a measured difference
between the two amplitudes. The amplitude and sign of
this difference are used to create a tracking—error signal

in any useful manner known in the art. Also, servo bursts



Fig. 3 provides an illustrative enbodi nrent of a phase- encoded servo
pattern fromthe prior art; Fig. 4 provides an illustrative
enbodi ment of the hybrid servo pattern of this invention

9 Fig. 5 provides an illustrative enbodi nrent of the hybrid servo
pattern denodul ati on systemof this invention and; Fig. 6 shows a
typi cal disk apparatus for which this invention is useful. DETAI LED
DESCRI PTI ON OF THE PREFERRED ENBCDINENTS The Servo Gap Fig. 1

il lustrates the general fornat of thelkector servo'-gap known in the art.

Several radial |y i) Geeoaalals o3 € SPRSSl. ol Aas LA

concentric tracks
in |inear forn1f6?gEa§%P

sectors or

Se concen

Proceedi ng CerU@ﬁ@ﬁce of a pair of nearly equal signals followed by a

(0, 1) sequence of 51gnals to mean that the sensor actuator
(not shown) is positioned over track centerline 20 instead

of, say, track boundary line 30.

Similarly, a sensor actuator positioﬁed over track
boundary line 30 sees a (0,l) sequence of signals followed
by two nearly equal signals generated from servo bursts
C26 and D28. This reversed seéuence allows the demodula-
tor to distinguish between half-track sensor positions
such as track boundary line 30 and full-track sensor posi-
tions such as track centerline 20. This discrimination
capability relies on substantially identical relative
amplitudes of bursts A22 and B24 such that a sensor posi-
tioned on track centerline 20 reads burst A22 and burst
B24 as two sequential pulses having substantially-the same
amplitude. Normally, the servo burst signals are single-
frequency sine waves having substantially random phase

characteristics.

The servo gap illustrated in Fig. é employs a Gray
Code in SID field 12 to assist with coarse sensor actuator
positioning during track seeking operations. The Gray
Code includes sufficient information to identify the indi-
vidual cylinder number because the amplitude burst servo
pattern discriminates only within cyliﬁder blocks contain-
ing four half-track increments. The Gray Code is lengthy
and coﬁsumes a significant amount of space wifhin tﬁe
servo gap for each sector. In Fig. 2, SID field 12 repre-
sents the primary socurce of cylinder number identifica-
tion. In this example, each cylinder block consists of
four half-track increments; that is, the cylinder block
modulus is egqual to two tracks.  Alternative-implementa-
tions that use less or no SID field Gray Code rely on the

s are ?ﬁus- trated
uﬁﬁd%&%ﬂﬁén&PnﬁheT?ERFQFa?°ﬁ%ﬁ&?n§€v@FaFr§ﬂ%h '
may beehtenlied 20. a Thwyl eheeckenodwadondcensiderecentiie cseei r cl e.



entially fromthe sector start 8 on track (N3), the Wite Recovery (WR)
field 10 is first reserved to permt the data channel to switch froma
wite node if necessary. This brief tinme delay is necessary when the data
channel is switching fromwiting data in a preceded sector to readi ng data
in the current sector. Following WR field 10 is the Servo
|dentification (SID) field 12, which contains data related to the type of
servo pattern and denodul at i on syst em enpl oyed, such as servo burst timng
data, and zone data for actuator posi-lﬂion such as mhether the sector is
an i ndex sector or mhe her the sec |s n or %%of th sec%3 band.
|1

SID field 12 sometTies ACT GASS T %ﬁﬁ' qltSﬁc y
witten as a G ay Eb’d'éldﬁﬁnﬁéfﬁber by °°FBF r!ﬂ/\/li'rilfQC’SI Eressipgs mliil?ufihéhServo
Burst field 14, whhelp egntwiinderiinfornatiiohi ftuietaermybwdaats (not shovvn) or
phase-encoded servo bursts (not shown), depending on

10 denodul ation s Nt ation. FoIIomAng servo burst field 14 is
a Sector Identifi c%‘?‘? %ﬁlas%%ﬁﬁ%& eEVY P&t Sthi ch is al so denoni nated the
Data Identification (DID) field in the art. SECID field 16 term nates at
the gap end 17. Fi natiby, 3t BRowse i t13@EaDf phdie-sReddet isered Rittexer to a
Data Field 18 contaifi ng.t B?;&ata@tt hat,i §1é n-, t%ﬂgege;vq; Z;_,gg 3&‘7‘(—_1;5 p.the

n

DASD file. In the sector begin-.nin at siart 8 on track the "servo
gap" consi st s relies on e phase of 51ngle frequency si waveé servo

burst signal instead of the relative amplltude. Because a
phase demodulator can discriminate among many different
phase values, the cylinder block modulus can be increased
beyond one or two tracks. .Fig. 3 showns an eight track
cylinder block modulus using sixteen different phase val~
ués disposed on sixteen half-tracks. This reduces the
sector identification burden of SID field 12 to the iden-
tification of the particular eight-track block only, par-
ing three bits from the Gray Code.

In the present art, .the reverse order nature of the
phase bursts limits the cylinder block modulus to four
since only the difference phase between successive servo
burst is used. However, a new reference phase written in
the SID field could be used to discriminate'among identi-
cal phase difference values with the method of this inven-
tion disclosed below.

Fig. 3 shows a Phase-Encoded Burst format having three
successive servo bursts with sixteen possible phase values
per burst disposed with a particular physical relationship
to the data track centerlines and adjacent track bounda-
ries. The phases are detected in the signals from the
data sensor as the servo bursts pass under it. Detection
requires lengthy burst fields to enable the phase detector
(not shown) to accurately discriminate the phase. The
signals are demo&ulated so that the phases of the first
and third servo bursts are compared with the phase of the



of fields 10-16 in conbination. The space allocated to this servo gap
between start 8 and end 17 represents sec- tor space that is unavail able
for data storage. The Anplitude Burst Servo Pattern Fig. 2 provides
a typical format known in the art for a quadrature anplitude burst servo
pattern. The particul ar exanple uses four servo burst sub-fields (A B, C°
and D) that have specific physical relationships anong thenselves and the
radi ally adjacent tracks. The frequency and phase of these four bursts do
not affect the denodul ati on system becduse this system.considers only the

relative anplitude, a singl ir of circunferentially.sequential bursts
as it passes undeF‘l‘% £ qszﬁrggsgﬁg%r:. T%eTﬁSniﬁls%crtuoﬁié?ﬁa?‘}o%; _Fg’ai ¥38si t i on
with respect to athezeiieéen &iPeihndssurinusd vt defermined & e Zelawivgni quel y
det erm ned by thesetbatburet ampkée tasthesrfonf.our servo bursts (A-D) such as
the four. servo bursts 22-28.° This process is readily understood by
considering the rel atjve | i.tude of servo burst A22 and B24 asured by a
sensor radially posi t§°§ﬁegﬁ%t Fﬁ’?aéﬂp%fé'ﬁf“éﬁli%es}?ﬁfn Ay Eidy mf?ﬁs t he
sensor radially frenfrant@de jg 380 déield d@ses Thise Phaptiangdéedfsenve: servo
burst and increaspsttdia aspidst dletif skbeo Qiit@bprécsebti (ibti Bhéwdeasur ed
difference betweep.thg«t 1o 3R iJ14d8S: b1olRec. AR My 20d HLOD; Bt hi S
difference are used to Ci@%&% a rackhﬂ%serror stgnal 1.n any useful nmanner

known in the art.tieiﬁ)FY B %§P§ ; Frated, the servo microproces-
sor need only count blocks of eight tracks.

The phase demodulator (not shown) detects a 3600 phase
change over sixteen radially édjacent servo burst fields.
-Because each servo burst field occupies a half-track radi-
.al width, this means the block modulus of this illustrated
system is eight cylinders. That is, the phase pattern in
data track (N-3) in Fig. 3 is repeated eight tracks later.
Note that, when comparing the first and third bursts to
the second burts in the present art, a 3600 phase change
occurs over four tracks because of the reverse order of
the phases. If the phase of a burst is compared to a new
reference signal in accordance with the method of this
invention discussed below, this present limitation is

avoided.

Track centering is normally accomplished by correcting
the sensor actuator position responsive to either of the
half-track phase seguences. For instance, in data track

“(N-3), a servo burst phase sequence of {10-07-<10) indi-
cates an inward tracking error whereas the servo burst
phase éequence (11-06-11) indicates an outward tracking

error from -track centerline 20.
The Hybrid Servo Pattern Invention

The problem solved by the servo pattern of this inven- .
tion arises from the deficiencies in both the amplitude



C26 and D28 appear as a |low or zero signal followed by a high anplitude
signal to the sensor positioned on track centerline 20. Thus, the
denodul at or considers the se- quence of a pair of nearly equal signals
followed by a (0,1) sequence of signals to nean that the sensor actuator
(not shown) is positioned over track centerline 20 instead of, say, track
boundary Iine 30. Simlarly, a sensor actuator positioned over track
boundary line 30 sees a (0,1) sequence of signals followed by two nearly
equal signal's generated from servo bqrsts C26 and D28. This reversed
sequence all ows the denodul a- tor to di st ngui sh ‘bet ween hal f-track sensor
positions such asiristackri®UnttiteYn bi® S PHdstddcolib@ckesngRittposi - tions |
such as track c | i 0 Thi i.scrimnatjon Qiqgg YA ies on
substantially i ﬁle}}r??iﬁcg?etrhél.%ﬁ'vegg& %F?ﬁ%eescyg%ndﬁ%r ggs' %kllééngfnggg such t hat
a sensor posi- 13588 W fFinektraskhrsetlondngerrardtnipratio Fushd®dur st B24
as two sequenti aroyifiebshidei mipisibitanthealdiyk t spacsarensumsid bydehe Nor mal |y,
thg fer;/_o lblurst Qﬂ?habspaﬂ’i%lﬁgﬂghtﬁfe Earateew (‘aﬁdsxiné&_lgﬁlaﬁgstlkﬁf iiagex_l-l' 't o
substantially r . racteristics . .. The rvg g ustrate
in Fig. 2 enpl o;a/es}%g_é%g?)f%o%legﬁngﬁf)a%.e’l"eémfﬁl?no 1ea?Ssslesr?’(?()vvigt(‘%ﬁ %ggér:ése sensor
actuat or positi dRMITERFAg WAk 18RERiing H9ERathensoarsehandy diode

i ncl udes suffi cirmstitiofiggneerinrmiocesdentlnf whe herdvidis artduainlgykinder
nunber because thataaPléd YARsHULSlorRBEMD RAbLERAsILSEH | 1A NAlLTe Y Wi thin
cyl i nder bl ocks 0Bt fkrd, NGelQinb A <hEaEled BET SIRDLGac Il Fbly COUE 1S

| engt hy and consunes a_ si gni fycant - anount of space wmthin the“servo gap for
each sector. In W&?Y?}' SID field 12 repre- sents the primary source of
cylinder nunber identifica- tion. -In this exanple, each cylinder block

consi sts of four halrhe thyBekd i 52666 Rt sin tdFatni S inbberion i8dercohbock nodul us
O poaual 1O LW dlaGkS oe AR A YBid TR dfa - PnlDE- LWkl SBukgSS O no
SID field Gay Code rely on the | .
: systems. The hybrid servo burst contains two types of

signal information within the same burst, thereby increas-

ing the spatial efficiency of the servb gap and improving

both coarse and fine positioning resolution. The combina-

tion of amplitude and phase information permits a wider
. cylinder positional range and higher track-following posi-

tioning resolution than is independently attainable by

either of the two known systems within a given servo gap

space. '

The hybrid servo pattern invention incorporates both
amplitude and phase information within the same relatively
short servo burst pattern. The amplitude servo bursts
shown in Fig. 2 do not contain any particular phase infor-
mation. Thus, the addition of phase-encoded information
to the_amplitude burst fields can be accomplished without
affecting the conventional amplitude demodulatidn system
because that system is generally phase inseﬁsitive. Com-
bining both amplitude and phase information within the
same servo burst produces the hybrid servo pattern system
of this invention, which can be disposed in a track format

such as the illustrative format shown in Fig. Z.



,12 servo mcroprocessor (not shown) to keep track of the data cylinder
" nunber by counting track crossings without the help of cylinder
fromthe G ay Code. The Phase- Encoded Servo Pattern Fig.
typi cal phase-encoded servo pattern fromthe prior art. In Fig.
servo burst pattern relies on the phase of a single-frequency sine wave
servo burst signal instead of the relative anplitude. Because a phase

denodul at or can di scrim nate anong rmany different phase val ues,

cylinder bl ock

showns an eight track cylinder bloc

modul us can be |ncre€§ed beyond one or two .tracks.

nf ormati on
3 shows a
3, the

t he

Fig. 3

nmodul us using sixteen different phase

val - ues di sposed pecaaisst eensh@iél tyraeksy, prdpes dededimg tolfe thect or

identification

particul ar elgﬁ

In the present

agrgefer ﬁ%cer ew}@rsge brth Thaty FRIPREEE bt s

RO paitn K Sl ﬂ!’gf‘:fd%*"sf e tlﬁseﬁ 2y Code

Limts the

cyl i nder bl ock plmdula;s: t oTHisurefsnepce apet fiongiLf ?Wﬁd&e m&g’é‘i%’et ween
successive seruq bUEstsector S periping iRl atevh '€ ehengieasehasepart itten in

the SID field couLd
di f ference values W

phase signal may be added to W/R £fi

4 or may be added ‘instead to SID field 12. Because the

Write Recovery field generally has no informational con-
tent, it is the preferred location for adding the refer-
ence phase signal. Such addition requires no new disk

space.

The péttern in Fig. 4 employs the same amplitude burst
identifiers used in Fig. 2; servo bursts A, B, C and D.
These are typified by the burst A34, the burst B36, the
burst €38 and the burst D40 in Fig. 4. In this'hybfid
system, each burst is alsd is encoded with one of thirty-
two different phases. For instance, burst A34 is encoded

: with phase-27. These phases vary as the sensor actuator

moves radially from data track (N-3) through data track

‘ (N+3). Clearly, other variations of these amplitude and

phase modulation combinations are also useful in view of

these teachings.

In Fig. 4, the thirty-two distinct phases in the hy-

brid servo gap are separated in phase by 3600/32 = 11.250.
Because servo bursts A-D are written at half-track inter-
vals, the cylinder identification modulus is sixteen cyl-
inders ‘(or thirty-two half-cylinders). The amplitude
burst features of the illustrated hybrid servo pattern are

the same as shown in Fig. 2.

The number of distinct phase values that can be used

within a hybrid servo pattern depends on the phase resolu-

tion that can be effectively recorded on the magnetic or

optical storage medium and the phase resolution specifica-

%.ﬁtggegﬁéé@hgaéf ' gh&a; Qn2FPPY 4.deRld reatemhtise

I nvelg 3' onsgégncl oshed bel ow.



Fisg. 3.shows a Phase-Encoded Burst format having three successive servo
bursts with sixteen possible phase val ues per burst disposed with a
particul ar physical relationship to the data track centerlines and adj acent
-track bounda- ries. The phases are detected in the signals fromthe data
sensor as the servo bursts pass under it. Detection requires |engthy burst
fields to enabl e the phase detector (not shown) to accurately discrimnate
t he phase. The signals are denodul ated so that the phases of the first
and third servo bursts are conpared wigh t he phase of the

13 mddle servo burst. The sensor actuator position - within the cylinder

bl ock is uni quel ytideserfri Fed dspocintedr phadd vemsduhadobuappangitase compari son.
Note that the inmyigmen; aHeOBus® Whakés Edugt Ke &ERbOYEH10t6 Witn@ade /i n SI D

fleld 12 oone gse: Soadath 800, PAL BLNLL S O30 010G SE Ml ey

m croprocessor (not accoun or-alt .cyl T nd Crossi ngs.
Wth the eight- tfrl&ékl‘?,‘yﬂ’f*ﬁa‘ésresmdul us illustrated, the servo mcroproces-
sor need only count blocks of eight tracks. The phase denodul at or
(not shown) detects 9193609 ﬂ%ﬁ@esﬂka@ﬁﬁ Pé/Q:Slo%kxh§£<fkaﬁnaq|1§hé%a%ﬁhécent
servo burst fiel q:h egalés%ee%:h r‘\llloatgurgt afrl o%C(%:d?l Les a half-track
radi- al wdth, t fédis Bil modul U Pﬁu us%rae systemls
ei ght cyl i nders. SFHéPrl%lgnPHe‘%r%i‘s‘éeﬁaf‘t%'r FRenrepst 4atf aR%CR-3F AW Fig. 3
is repeated ei ghtusefatksannateknown in the art. Signal 42 is propagated

through a read data channel 44, which separates the servo
signal 46 from the data stream at signal 42. Signal 46 is h
then presented to a servo logic and  timing circuit 48 and
to the demodulator circuits 50 and 52.

* The amplitude measurement of each servo burst is ac-
complished by amplitude demodulator circuit 52 in a manner
similar to that known in the art. The phase of each servo
burst sub-field A-D is compared to the phase reference
recorded in W/R field 10 or SID field 12 in phase demodu-
lator circuit 50. This may be accomplished in any useful
manner known in the art such as zero~crossing timing de-
tection, Discrete Fourier Transform phase detection, or
the like. | '

After phase detection, the amplitude information from
amplitude demodulator circuit 52 is used to identify the
servo burst having the largest amplitude. The phase of
this largest amp%itude burst from phase demodulator cir-
cuit 50 is then provided to identify which servo burst is
closest to the centerline of the read data sensor. This
identity then serves as coarse position information 54,
which is merely the sensor actuator track position -to
within one half-track. Simultaneously, amplitude demodu-
lator circuit 52 performs a comparison of relative servo
burst amplitudes in the manner known in the art, thereby
providing fine position information 56, which™is simply a
track-following error signal. Fine position information



Not e that, when conparing the first and third bursts to the second burts in
the present art, a 3600 phase change occurs over four tracks because of the

reverse order of the phases. |If the phase of a burst is conpared to a new
‘reference signal in accordance with the nethod of this invention di scussed
below, this present limtation is avoi ded. Track centering is

normal |y acconplished by correcting the sensor actuator position responsive
to either of the half-track phase sequgnces. For instance, in data track
(N-3), a servo burst phase sequence of*/(10-07-10) indi- cates an inward

trackinng error whes easrileldases Vi Rk SEuRRASE S£34aB6E dctlafs 1dackndi cat es
an outward tracklgoqll%rwrlgr n]::.rs% 1traclé centerline 20. - The Hybrid Servo
Pattern | nvention Fre ro%rfelzl"n $olved by the servo pattern of this

i nven- tion arises fromthe def|C|enC|es in both the anplitude

14 Dburst servo pattamnthmnhhseqo,halae::zeﬁnmghe&paed\MapntéeaﬂcmnqupmaLn t he

art. Both coarse E:’:’Adsndg{lfﬂ%bﬁt Q@l‘f@gmdﬂfoﬁrls E@&iﬂh@n&a}d PRe phase-

track-foll ow ng errorln orgﬂ r}E d grg:ﬁ%q__v\/rgte I mmzmgthe

di sk space consun®f &R P gap flgfﬁ SattEPH itd SRRERGd

this inven- actuator coarse position information 54 within a given
cylinder block without the need for an extensive Gray
Code. During the track-following operations, the same
amplitude information that is available in a typical am-
plitude burst system (Fig. 2) is also available from am-
plitude demodulator circuit 52, providing excellent track-
following error correction signals without need for more
burst length. T ’

Note that the thirty-two distinct phases shown in Fig.
4 provide a sixteen-track cylinder identification modulus,
improving on the phase-encoded system shown in Fig. 3.
More or. fewer phase increments can bé implemented depend-
ing upon the particular system requirements and the avail-
able capabilities for distinguishing between adjacent
phases. Also, because the amplitude burst information
alone suffices to determine cylinder locaéian within a
cylinder identification modulus of two, phase codes can be
duplicated in radially adjacent servo bursts to double the
effective cylinder identification modulus range with the

same number of phase codes.

This invention iSeusefui with all disk drive mechani-
cal conf gurations and all Direct Access Storage Devices
(DASDs) Fig. 6 is an exploded view of a disk drive 110
Disk drive 110 includes a housing 112 and a hou51ng cover
114, which is mounted within a frame 116 after'assembly.
Rotatably attached within housing 112 on an actuator shaft
118 is an actuator arm assembly 120. Actuator arm assenm-~
bly 120 includes an-E-block or comb-like _structure 122
having z plurality of arms 123. .



.tion,permt a significant reduction in servo gap space requirenments while
i nproving both the coarse and fine positioning performances. |In the
previous art, only am plitude or phase information alone was used in the
servo burst field, depending on the type of denodul ati on system enpl oyed.
The hybrid servo pattern of this invention is a conbi- nation of the
anpl i tude burst and phase-encoded. burst systens. The hybrid servo burst
contains two types of signal information within the same burst,. thereby
increas- ing the spatial efficiency ofigthe servo gap and i nproving both
coarse and fine positioning resolution: The conbina- tion of anplitude and
phase information permts-a w der cylinder positional .range and hi gher '
L raC_k£1;1 ol | O}M ?ﬂ Q%%%atklzéd% eepfl_eml u;;tl@rl'ztshaﬂ ine LBRCRRNEeRidcxk abbai nable
y either o e two.known systeng,w thin, a. qgiv seryo _gap . sp
The hybrid servo & £8f7 | F/%l i g%"’l nc’lc}:rtﬁﬁf’ﬁ? gast %%Fhe%%p?!‘?t%ﬁg gg\%d phase
i nformati on withj§PriRe L%frdsr 8| atides) y2&Hdat SBmies btmeenpatt &FARS™ The
anpl i tude servo hiwceis(isdtowhoim) .Fi gn thel@ndobf atiet actuadny pav tissehar phase
infor- mation. Thys,1sbheppdsidd Onbaal spRases enaoded isni@imeideonid cathe
anpl i tude burst fiélds 'c.gn gg acconpl i shed wi thout affecting the
convent i.anal arrpl‘fctlﬁaecc(’:l1 mhAT! at | on system because that systemis generally
phase insensitive. Com bining both anplitude and phase information within
t he same servo bur st aptathedesitiia hylying 382 \is papdier Rfsysinetrsoi3q.hi s

i nvention, whichtan.be tHeReaedoide adifiaghs f MdileySyshtAost Revbltdistrative
format shown Ir]lﬂé114motor that applies a fofcg to actuator assembly 120,

thereby rotating it about actuator shaft 118. Also mount-

ed within housing 112 is a spindle shaft 132. Rotatably

attached to spindle shaft 132 are a number of disks 134.

In Fig. 1, eight disks 134 are shown attached to spindle

shaft 132. As shown in Fig. 1, disks 134 are attached to

spindle shaft 132 in a spaced-apart relationship. The

methods and patterns of this invention are readily appli-

cable to all surfaces of disks 134. )

Clearly, other embodiments and modifications of this
invention will occur readily to those of ordinary skill in
the art in view of these teachings. Therefore, this in-
vention is to be limited only. by the following claims,
which include all such embodiments and modifications when
viewed in conjuncéion with the '£bbve specification and

accompanying drawing.



Because of signal brevity, proper decoding of the phase information wthin
each hybrid.servo burst requires a reference phase signal that is not -
suggested in the prior art. This reference phase signal, should be
recorded in each sector to permt denodul ation of the phase conpo- nents of
the servo bursts shown in Fig. 4. The reference phase signal may be added
to WRfield 10 as shown in Fig. 4 or may be added instead to SID field 12.
Because the Wite Recovery field generally has no infornmational con- tent,
it is the preferred |ocation for adding,the refer- ence phase signal.

Such addition requires no new di sk space. The pattern in Fig. -4

enpl oys the sanme anplitude burst ident¢fdmsss used in Fig. 2; servo bursts
A, B, C and D. These are typified by the burst A34, the burst B36, the
burst C38 and the _burst D40 in Fig. 4. 1n this_hybrid system each burst
is also is encoded-wi tit cf’neD’dﬂethg‘Ff?ﬁs tShorare f ReEe JRASRY. theorimnst ance,
burst A34 is encqded vmoNepdrdseoRrisifiiese phases vary as the sensor
actuator noves radially fromdata track (N-3) through data track (N+3).

Clearly, other variat'ions he | i tude.and,phase modul ati.on
conbi nations are al so ausré’?"gf:aﬁlr? \?lgié%lvn%fortaﬁ%s%lﬁq{eggﬁf’h%sé pqurg{_lﬁyn °fig. 4,
the thirty-two distincrpralsEs itracker h§actor sids ebnpskgfsing eddenpsedted in
phase by 3600/32 = 11.2tsot Bectussk senverbimestgariificard Vintot eneabr

hal f-track inter- val sporkhgestdrsndescH danti Eésdtl aBvimAW Weris gHaxkeen cyl -

inders (or thirty-two Lz eyl Lhders) The _anplitude_burst features of
the illustrated hybri gg%?/% epzsat earln ?i?led taﬁg Sane %sgagho?/ﬁqéji n Fig. 2.

The nunber of distinct phase values that can be used within a hybrid servo
pattern depends on the phuzee codgatartetn grecohddd danedrdh edfecervelgppr ecor ded

on the magnetic or said servo code pattern having a plurality of single- %%

frequency servo burst signals, each said servo burst
signal having a servo signal amplitude and a servo
signal phase shift with respect to said servo phase
reference signal, wherein said each signal shift
delay differs by one of a plurality of predetermined
amounts from said servo signal phase shift of every
said servo butst éignal in the same said sector and
in all radially adjacent said sectors and said each
servo signal amplitude is substantialiy equal to
said servo signal amplitude of every said servo
burst signal in all radially adjacent said sectors.

2. The improvement of Claim 1 wherein each said servo
code pattern comprises: four servo burst signals;
where two said signals are disposed on radially
opposing sides of said track centerline and two said
servo burst signals are disposed on radially oppos-
ing sides of a line located midway between two adja~

cent said track centerlines.

3. A disk drive of the type having one or more rotatable
data storage disks and a data sensor actuator for
reading data from said disks, each said—disk having

a plurality of concentric  tracks, each said track

\\\;

A



Optical storage medi um and the phase resol ution specifica-

16 tions of the associ ated phase denodul ator appar at us. In Fig. 4, the
burst phases nust be resolvable to within +/- 5.6250 of nomi nal value to be
useful for cylinder identi- fication purposes. Fig. 5 provides a

sinple block diagramillustrating the hybrid servo denodul at or appar at us of
this invention. Sensor signal 42 arises fromthe read data sensor in any
useful manner known in the art. Signal 42 is propagated through a read
data channel 44, which separates the ggrvo signal 46 fromthe data stream
at signal” 42. Signal 46 is then preséhted to a servo logic and timng

circuit 48 and t0 the,degodulsdaa abbedli 4 Str2lkaBehtadiine parti@odd! i tude
measur enent of each servo burst is ac: tcorrpl | sHed .bdy' ar‘rpll ude der]éodul at or
circuit 52 in a manne™tSi fPF O FETERACRABWEAR THE APECOTREVRHASE of each
servo burst sub-fiel deAsb ¢re 6FpareE®. t Richdipghdsive capeiri®dr ecorded in
WR field 10 or SID field 12 in phase denbdu- lator circuit 50. This may be

acconpl i shed in any usebiho RABEEH AN ddbrble 187 bactHGl18S: &b %, 0SSi Ng
timng de- tection, D sgrete_ Four. er Ttrans}‘or{%phasi det.ecti gn or the
| i ke. After pha®ddBEEYYiGIe PAL-ERpFRY e 3 REBFHECTORTFFERRC

burst signals, each said servo burst signal having
amplitude and phase; phase demodulator means fof
detecting said servo burst signal phase for use in
deterimining the position of said sensor actuator;
and amplitude demodulator‘means for detecting said
servo burst signal'amplitude for use in determining
the position of said sensor actuator.

4. The improvement of Claim 1, 2 and 3 wherein:

said servo burst signals span a radial width substan-
tially equivalent to the radial distance between

adjacent said track centerlines.
S. The improvement of Claim 1 and 4 wherein:

said each servo gap is radially aligned with said
servo gaps in every radially adjacent said sector.

6. . The disk drive of Claim 3 wherein each said sector

further comprises:

a servo burst phase reference signal for comparison
with each said servo burst signal to determine the
relative value of said each servo burst signal phase
shift.

7. The disk drive of Claim 6 wherein

each said ‘servo code pattern comprises: four servo

burst signals, where two said signals are disposed

AR



anpl it ude denodul ator circuit 52 is used to identify the servo burst having
the | argest anplitude. The phase of this |argest anplitude burst from
phase denodul ator cir- cuit 50 is then provided to identify which servo
burst is closest to the centerline of the read data sensor. This identity
t hen serves as coarse position information 54, which is nerely the sensor
actuator track position to within one hal f-track. Si mul t aneously,
anplitude denodu- lator circuit 52 perfornms a'conparison of relative servo
burst anplitudes in the manner known 2n the art, thereby providing fine
position information 56, which is sinply a track followi ng error signal.

Fi ne position |nf0rrﬁﬂq(ﬁ@d1ally opposing sides of said track center}ime 5g

varies as a direct funet iR ofaisens@foaduust Osidnadskartokiopéstd on-

m sal i gnment . | L 304 By rraa;s@gmgdtg&agg 'akgfa spgRd b cﬁﬁgdsﬁ%f&:%g opera-
tions, sufficient information 1s.,available fromt ase- encoded portion
of the servo burst tPFYEER rﬁwﬁeagéarffBF ﬁ:‘tduﬁf‘b‘?k 88‘&?{'&1&)%1 tion information

54 within a given cylinder block without the need for an extensive G ay
Code. During tlhge traekaist laweapoOpessd i70RkBereihhe sanme anplitude
information that is available in a typical am plitude burst system (Fig.

2) is also available frgmam glltude denodul ator circuit 52, grOV|d|ng
excel | ent track- fol IBWENGERRr BP0 A 8RS AP gnardia FLdth SHRRWor nore
burst | ength. tially equivalent to the radial distance between

adjacent said track centerlines.

9. The disk drive of Claim.3 and 8 wherein:

said each servo gap is radially aligned with said
servo gaps in every radially adjacent said sector.

10. The disk drive of Claim 3 wherein each said servo

code pattern comprises:

four servo burst signals, where two said signals are
disposed on radially opposing sides of said track
centerline and two said servo burst ‘signals are
disposed on radially pppoSing sides of a line locat-
ed nmidway between - two adjaéent said track

centerlines.

11. A track-locating and track-following method in a DASD
of the type having at least one rotatabie data stor-
age disk having a plurality of -<concentric fracks,
each said track being disposed - about .a track
centerline partitioned into one or more sectors,
each said sector having'at least one sector identi-
fication field, a phase reference signal and a plu-
rality of single-frequency servo burst signals dis-
posed in predetermined relationship to  said each

track centerline, each said servo burst signal hav- "

A



.Note,that the thirty-two distinct phases shown in Fig. 4 provide a

si xteen-track cylinder identification nodulus, inproving on the

phase- encoded system shown in Fig. 3. Mire or fewer phase increnents can be
i mpl enent ed depend- ing upon the particular systemrequirenents and the
avail - able capabilities for distinguishing between adjacent phases.

Al so, because the anplitude burst information al one suffices to determ ne
cylinder location within a cylinder.identificati-on-nodulus of two, phase
codes can be duplicated in radially2adjacent servo bursts to double the
effective cylinder identification nodulus range with the sane nunber of
phase codes. g sarphidnde oantl s phaes.ul sadid (PASP| RFavaARa dii #8t%echani -
cal configurations aassal | adduatet MAiepsdStes agevdevadiasllfDASDePs Fig. 6 is

an expl oded view of _a; di ke drivg Ll@a Qiskagd i Yesil 1QnkfClsudema housing 112
and a housing cover 114, whi c{;wl

S unted Wwthin a fr 116 after ,
assenbl y. Rot at abl y*&f¥&cH&dc tﬁ?{gjl‘f&elfg’l°ﬂg°ﬂ§n§ﬁn3n%g§t ﬁré?rg?eréﬁaft 118 is
an actuator arm assetépsyof20. Actuator arm assem bly 120 includes an
E- bl ock or conb-like structure 122 having a plurality of arms 123.

Attached to separat g, arng; t g, C QIR OL . Fy DI RGK - 12Rat BfGakead springs
124. Attached at t % egge%%%ggg " | 'oad g%ﬁl n§ 124 isr sTi der a-126 t hat
)

carries a magnetic PR S2HUEEPSPRACTEA the §FePRe®%end of the actuator
arm assem - R

. (a.1) mgasurihg the amplitudes of a first plurality
of said servo burst signals in said each sector;

(a.2) 'selecting a first said servo burst signal
having the greatest'said amplitude among said first

pluralify of servo burst signals;

(a.3) subtracting the phase of said first serxvo
burst signal from the phase of said phase reference
signal in said each sector to obtain a éenso; actua-

tor cylinder location;

(a.4) combining said sensor actuator cylinder.loca-
tion with data from said-sector identification field
in said each sector to obtain an actuator track

position; and

{(a.5) combining the amplitude of a second said servo
burst signal with the amplitude of a third said
servo burst signal to obtain an Tactuator tracking

error signal;

(b) moving said data sensor actuator radially until
said actuator track position is equal to said target_

track; and
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Rly 120 opposite | oad springs 124 and slider 126 is a voice coil 128.
Attached within housing 112 is a pair of nagnets 130. Magnets 130 and voice
coil 128 are key parts of a voice coil notor that applies a force to
actuator assenbly 120, thereby rotating it about actuator shaft 118. Al so :
mount- ed within housing 112 is a spindle shaft 132. Rotatably attached to
spi ndl e shaft 132 are a nunber of disks 134. In Fig. 1, eight disks 134 are
shown attached to spindle shaft 132. As shown in Fig. 1, disks 134 are
attached to spindl-e shaft 132 in a spated-apart relationship. The net hods

and patterns of this inyentian are. readil I'i- e .faces of
di sks 134. c earl(ﬁ, o'f'%ve]rnqeﬁ%lo%i%ﬁtés{en}g% ﬁ%‘ﬂ“f%%af%%ﬁg&%f%%ﬁs
invention will occur reidiagtuasor HeeskdRd ddcRaf ol £F FHPSERBELANYi n view
of these teachings. TEeesefore, this in- ventionis to be |[imted only by
the follow ng claims, which include all such enmbodi ments and nodifications
gfgaijemed in con ng%gqmﬁ&kghggQﬁa%gqﬁgwﬁgggkglcatlon and acconpanylng
CLAIMS 1. In a Direct Access Storage Device (DASD), the im

said each sector includes four servo burst signals
disposed at radial intervals less than- or equal to
half of the radial distance between adjacent said

track centerlines.
13. A disk drive comprising:
a mounting frame;

a housing cover rigidly mounted within said mounting

frame;
‘a housing mounted within said housing cover;

an actuator arm assembly rotatably attached within

said housing:

a plurality of arms attached to said actuator arm

assembly;

a plurality of magnetic transducers, each said trans-
ducer attached to one said arm;

a plurality of rigid magnetic disks rotatably mounted
within said housing, each said rigid disk having a
plurality of concentric tracks, each said track
being disposed about a track centerline partitioned
into one or more sectors, each said sector having at’

least one servo gap;
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provenmant conpri sing: a rotatabl e data storage di sk having a
plurality of concentric tracks, each said track being disposed

about a track centerline partitioned into one or nore sectors, each
said sector having a servo phase reference signal field and a servo
gap; and : a servo code pattern recorded in each said servo gap,

said servo code pattern having a plurality of single- frequency servo
burst signals, each said servo burst . signal having a servo signa
anplitude and a servo si gnal phase24shift with respect to said servo

phase reference signal, wherein said each sugnal shift del ay
differs by one of a pl JPaFSt§OUr U5EeHePedH Megnted withinnsaid  bawsEiRed servo
si gnal phase shift of ewdrgttachedstd dadéraqrustiestarsi gas¢miily sheh sdwd said

sector and  in all ¢agHi iy tedhaneRt 52 fosiesbMNs Ard %8k ds@aGhe -
servo signal anpli tudeé’f oﬁgb_ghtﬁng__&%{c{ 361@13“@% %e?).se 4 ésagtgr (Fr Yo % gnal
a a

anplitude of every said serv sign acent
sai d sectors. 2. ThEOPFHYETEECksf C|a|n11 mhereln each sald servo
code pattern conprises: four-servo burst signals, where two said

signal s are disposed o sadicakbe patteﬁpﬁe%mdsmeacaf sSA Gelv@Gap,
centerline and two sai %_Fld Ter%%r ?éQdQ‘H 3:tte§ﬂ %‘%’1%3 ﬂlra&?ég opnser@gl al ! y

oppos- ing sides 0O Ine [ocate

sai d track centerlinesbPurssy, 519&aafske%ﬁq\ﬁ?lﬁstFﬁ9tﬁﬁﬁ§théﬁg cﬁﬁ¥189 nnre
rotatabl e dat a st oempbitdidekandapbase:dat a sensor actuator for readi ng
data from said di sks, each said disk having- a plurality of concentric

tracks, each said tl’a%ﬁase demodulator means- for detecting said servo
' burst signal phase for use in determining the posi-
“"tion of said each transducer; and

amplitude demodulator means for detecting said servo
burst signal amplitude for use in determining the

position of said each transducer.
14. A disk drive comprising:
a mounting frame;

a housing cover rigidly mounted within said mounting

frame;
a housing mounted within said housing cover;

an actuator arm assembly rotatably attached within

said housing;

a plurality of arms attached to said actuator arm

assembly;

a plurality of magnetic transducers, each said trans-
. ducer attached to one said arm;
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A0 bei ng di sposed about a track centerline partitioned I nto one
or nmore sectors, each said sector having at | east one servo gap, said
di sk drive conpri sing: .a servo code pattern recorded in each said
servo gap, said servo code pattern having a plurality of servo

burst signals, each said servo burst signal having anplitude and _
phase; phase denodul ator neans for detecting said servo burst signal
phase for use in determ ning the position of said sensor -actuator;
and anplitude denodul ator neans for d@ecting said servo burst- signal |
anplitude for use in determning  .the go,siti. on. of ts,gti g sensqr. .actuator.
4. The inprovenent o&f PERERLHEY ©D TAFid PagRetiy fisks Toratabiymuted bur st
signal s span a radi alwiwhih hssidbgtoaming, eachi ghid) wigddydiehthavdngheé radial .
di stance between pladh ARt oS aicdnbémGH cCetHa@ks | N@Gch “daid Thack

| pr ovement . of C al mb]éir?‘nddillspvo\'ggéeggéut a tracﬁaégxtggfﬁdesga\fgigﬂqﬁeas )
radially aligned with sard ~Servo gaps in every radially adjacent said
sector. 6. The di dRt8rPRR B "Crai PRFWAer &1 éﬁg‘ﬁ '%eﬁtars%ac‘flééf’ a

further conprises: servo phase reference signal field and a servo gap;

voice coil motor means mounted within .said housing
and attached to said actuator arm assembly such that
each -said transducor is positioned over the surface
of one said rigid disk to sense data stored on said

concentric tracks; and

a servo code-pattern recorded in each said servo gap,
said servo code pattern having a plurality of single-
frequency servo burst signals, each said servo burst
signal having a servo signal amplitude and a servo
signal phase shift with respect to said servo phase
reference signal, wherein said each signal phase
shift differs by one of a plurality of predetermined
amounts from said servo signal phase shift of every
said servo burst signal in the same said sector and
in all radially adjacent said sectors and said each
servo signal amplitude is substantially egual “to
.said servo signal amplitude of every oﬁher servo
burst signal in all radially adjacent said sectors.

QT



& seryo burst phase reference signal for conparison .

burst signal phase shift. 7. The disk drive of Claim6 wherein
burst signals,

each said servo code pattern conprises: four servo
two said signals are di sposed
on radially opposing sides of said track centerline

| ocat ed m dway bet ween two adjaggnt said track centerlines.
said servo burst signals span a

di sk drive of C aim7 wherein:

with each said
servo burst signal to determ ne the - relative value of said each servo

21

wher e

and two said servo
burst signals are di sposed on- radi ally opposing sides of a line

8.

The

radial width substan- gyerIbiHRVY PeEwRMaDENGIULALREN svadiml di stance

between -~ adj acent s3ig hrack SEHR"bhdEs pevide adfrthSk drive of

Claim3 and 8 wherein:
POSITIONING

A hybrid servo actuator positioniﬁg system that si-
multaneously demodulates servo bursf amplitude and phase
.information in each sector. Servo burst amplitude demodu-
lation is used for conventional track-feollowing.
burst phase information is used for high~speed seeking of
the target track without resorting to deceoding a complete
The disclosed

Gray code sector identification field.

hybrid servo system provides more actuator positioning
information in less disk space than do conventional sys-

tems employing amplitude servo demodulation or phase servo

demodulation alone.

Figure : 6

ABSTRACT OF THE DISCLOSURE
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'sﬁfaleach servo gap is radially aligned with said servo gaps in every

radi al |y adj acent said sector. 10. The disk drive of Caim3 wherein
each said servo code pattern conpri ses: four servo burst signals,
where two said signals are di sposed on radially opposing sides of said
track centerline and two said servo burst signals are di sposed on
radi al |y opposing sides of a line |ocat- ed m dway bet ween t wo
adj acent sai d track centerlines. 11. A track-locating and
track-foll owi ng method in a DASD of the type having at |east one

rotat abl e data stor- age di sk having a plurality of concentric tracks,
each said track being disposed about a .track centerline
partitioned into one or nore sectors, edéh said sector having at |east
one sector identi- fication field, a phase reference signal and a plu-
rality of single-frequency servo burst signals dis- posed in
predeterm ned rel ationship to said each track centerline, each said .
servo burst signal Hav~ 22 ing anplitude

and ‘phase, said DASD havi.ng a data sensor ‘act uat or di sposed to nove
radially across
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L 3

«said rotatable data storage di sk when seeking a target track, said:nethod
conprising the unordered steps of: (a) performng, for each said sector
that rotates under said sensor actuator, the steps of (a.l) - neasuring
the anmplitudes of a first plurality of said servo burst signals in said
each sector; (a.2) selecting a first said servo burst signal having the
greatest said anplitude anmong said first plurality of servo burst signals;
(a.3) subtracting the phase of said first servo burst signal fromthe
phase of said phase reference signal in said each sector to obtain a sensor
actua- tor cylinder |ocation; (a. Png-A4yEkI Ni Ng sai d sensor act uator
cylinder loca- tion with data fromsaid sector i.dentification field in said
each sector to obtain an actuator track p¥S$ition; and (a.5) conbining the
anplitude of a second said servo burst signal with the anplitude of a third
said servo burst signal to obtain an actuator tracking error signal; (b)
novi ng said data sensor actuator radially until said actuator track
position is equal to said target track; and
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sai d

12. The

i ncl udes four servo
to

zero.
intervals | ess than or equal

radially until
sai d each sector

I s substantially
radi al

(c) noving said data sensor actuator
di sposed at

actuator tracking error signa
met hod of Claim 11 wherein:

burst signals

23
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,a plurality of magnetic transducers, each said trans- ducer attached to

one said arm a plurality of rigid magnetic disks rotatably nounted
wi thin said housing, each said rigid disk having a plurality of
concentric tracks, each said track bei ng di sposed about a track
centerline partitioned into one or nore sectors, each said sector
havi ng at | east one servo gap; - 24
voi ce coil notor neans nounted wi thin said housing and attached to
said actuator arm assenbly such that each said transducer is
posi tioned over the surface _ ol{ goﬂenﬁa' d rigid disk to sense data
stored on said ‘concentric tr.acq< a sefvo code pattern recorded
in each said servo gap, sai d servossode pattern having a plurality of
servo burst signals, each said servo burst signal having
anplitude and phase; _E ggmse—-devqﬁd-ul afor an orttetecting said
servo bur st signal a f ¥ |us inzdnteé o} tEE posi - tion of
sai d each transducer; and ::Z P VY bt :’Z <
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,anpl i tude denodul at or neans for detecting said servo burst signal

anplitude for use in determning the position of said each transducer
14. A disk drive conprising: a nounting frane; a housing cover
rigidly nounted within said nounting frane; a housi ng nmount ed
W thin said housing cover; . an actuator arm assenbly rotatably
attached within sai d housi ng;” a plurality of arns attached to
said actuator arm assenbl y; . a plurality of magnetic transducers,
each said trans-. ~ducer attached to one said arm
_25 a plurality of rigid magnetic dkg§ghgégaiably nount ed
" 5/6
i "TO SERVO i
PROCESSOR
=z
3 =)
=) -
o B I Z<| ©
m§< Te x| w1
ne= Eal )/
e WwaH o
<l Zol
ool Lo =
oo £
S Al ws
cold b 2|gke|S
ul < - w—E=| S3<kE
nds L/ cnd|lEd5H
<20 exd! 520
=0 1 m < =50
TR <ig
?O O
I ] ' 0
S
I
©
=
=
- |
+ 2 g;
of £} LS| o
v + nwn| ¥
J
10ul|$
o=
gGZJ GJJ -~
@ O - o< N
w <=/
o w<Z
xaox
i ©




[

wi thin said housing, each said rigid disk having a plurality of concentric
tracks, each said track being di sposed about a track centerline partitioned
into one or nore sectors, each said sector having a servo phase reference
signal field and a servo gap;. voi ce coil notor neans nounted within said
housi ng and attached to said actuator arm assenbly such that each said
transducor is positioned over the surface of one said rigid disk to sense
data stored on said concentric tracks; and a servo code pattern recorded
in each said servo gap, said servo code pattern having a plurality of
singl e- frequency servo burst signal gos.9fghy Sai d servo burst signal having
a servo signal anplitude and a servo:signal phase shift with respect to
sai d servo phase reference signal, wherei§/8aid each signal phase shift
differs by one of a plurality of predeterm ned anounts from said servo

si gnal phase shift of every said servo burst signal in the sane said sector
and in all radially adjacent said sectors and said each servo signa
anplitude is substantially equal to said servo signal anplitude of
every other servo burst signal in all radially adjacent said sectors.




