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1 SELR SERVO WRI TI NG FI LE BACK o, OF HE, | NVENT| Oé\j opFifel d of the :
| Aventijon The present invention I es”(%é’%%f“?-ﬁét ActhSs st or age g6\ j,C& o7
(DASD) of the type in Wiich a read/wite transducer head is noved above a
~storage nedia for reading and witing data, and nore particularly to
I nproved servo witing nethods and apparatus for a direct access storage
devi ce. 2. Description of the Prior Art Disk drive units incorporating

stacked, commonly rotated rigid magnetic disks are used for storage of data
in magnetic formon the disk surfaces. Transducer heads driven in a path

toward and away fromthe dri Vﬁsﬁ,ﬁ%ﬂ‘}é ?JR%‘&EIGBPPEQ? di sks and read data
e a

fromthe disks. Data is recor n concentric a information tracks
arrayed on the surfaces of the disks. Al DASD units nmust have a nethod to
posi tion each data head over the proper radial location to wite a track
and again, to position it very close to the sane |ocation to read the
track. Wth the hi ghBACKGROUND OF THE INVENTION

1. Field of the Invention

- o M‘

The pre.éent invention i:-elatés to a direct
access storage device (DASD) of the type in which a
read/write transducer head is moved above a storage -
média for readii;g and writing data, and more
particularly to improved servo writing methods and

apparatus for a direct access storage device.
2. Description 6f the Prior Art

Disk drive units incorporating stacked, commonly
rotated rigid magnetic disks are used for storage of
data in magnetic form on the disk surfaces. .

' Transducer heads driven in a path toward and away from
the drive axis write data to the disks and read data
from the disks. Data is recorded in concentric data
information tracks arrayed on the surfaces of the
disks.

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,



| evel files using a voice coil type of actuator, a feedback nmechani sm nust
‘bezprovided to |l ocate and stably hold the head on a given track. Typically,
2 track accessing and track following is provided by a magnetically witten
pattern in the DASD unit. A dedicated servo system enpl oys one surface of
one of the disks in the DASD on which to have all the tracking and access

I nformation. A sector servo systemuses snmall portions of tracks between
each or between several sectors on each trackzof each data surface to
provi de the tracking and access information. A hybrid servo system uses

both to obtain advani;308s Rlcclihd YR8 PLadR#t 1WA Ald Yrobeasarng a

patterns are witten on the disk or disks wth a special servo witer
system This systemmagngticalky skisten pebtenpatn e HASHsYniPst dn t o

aecurately oSt on A5 SR oell” ol BEMN Ghetolf 4k LR Babls,
the disks in the DASD on which to have all the
tracking and access information. A sector servo
systexh uses small portions of tracks between each or
between several sectors on each track of each data -
surface to provide the tracking and access
information. A hybrid servo system' uses bot.h to

~obtain advantages of each type of servo.

"Typically the servo pattei:-ns are written on the
disk or disks with a specié.l servo writer system.
This system usuélly includes a laser measured access
system to accurately position the heads. This
requires a retro-reflector to be attached to the file
actuator. The system also includes a clock head or
heads to write timing information. Each file that is
to be servo written mﬁst be firmly clamped to the
servo writer to maintain accurate positioning between
the two machines. The servo writer must be used in a
clean area since the file must be open during the
track writing 'process. This increases the cost and

increases the probability of contaminating the file.

In clamping the DASD unit to the servo writer,
the natural resonances of the file are significantly
changed. Thus while tracks wfitten on the servo
writer appear to be nearly perfect, they change when
the file is removed and the resonances change, the
servo system does not follow the servo trlacks-

perfectly, creating repeatable runout, which makes . -



heads to wite timng information. Each file that is to be servo witten
must be firmy clanped to the servo witer to maintain accurate positioning
ket ween the two machi nes. The servo witer nmust be used in a clean area
since the file nust be open during the track witing process. This

I ncreases the cost and increases the probability of contam nating the file. .
In clanping the DASD unit to the servo witer, the natural resonances of

the file are significantly changed. Thus whilg tracks witten on the servo
witer appear to be nearly perfect, they change when the file is renoved

and the resonances CERE%fetdfiPLEYch DSHRINGOSE tiaicH dilfgwcule . servo
tracks perfectly, creating repeatable runout, which makes 3 the

determ nation of being on track difficult. Exanples of other known servo

systens are provided by UsSampat8is detCknbimabervd hihedfP arenni man,
4,530,019; and Berger, 4,531,167. Qiver et al., 4,414,589 discloses an
enbedded provided by U.S. patents Oliver et al., 4,414,589;

Penniman, 4,530,019; and Berger, 4,531,167.

Oliver et al.,4,414,589 discloses an embedded ‘
servo track following systexﬁ ;nd inethod' for writing }
servo tracks thaf does not require a servo writer to
write embedded servo data. However, a clock track for
- very accurate timing is required for providing an
index of disc position and a measure of disc spéed for -
writing servo data. The clock track is written by
writing a single pulse on a fixed magnetic clock head_',
phase-lock looping to an intermediate c.lock track,
which is written on a moving head, and then phase-lock
looping up to the final clo_ck track which is writtén

on the fixed clock track head.

Berger, 4,531,167 discloses a portable servo
writer system for writing clock and servo tracks
either on a dedicated disk surface or embedded servo
tracks on disks of a magnetic disk drive. Servo
tracks are written by providing a master disk
cartridge 'having one fixed head and a dedicated servo
surface. The master disk cartridge is installed on
the drive and the servo surface of the drive and the
embedded servos are written using prewritten clock
and index information from the fixed head of the

master cartridge.

Penniman, 4,530,019 discloses a servo pattern

.5 .o



servo track followi ng systemand method for witing servo tracks that does

not require a servo witer-to wite enbedded servo data. However, a clock
track for very accurate timng is required for providing an index of disc
position and a nmeasure of disc speed for witing servo data. The cl ock
track is witten by witing a single pulse on a fixed nmagnetic cl ock head,
phase-| ock |l ooping to an internmediate clock track, which is witten on a
nmovi ng head, and then phase-lock |ooping up tg the final clock track which
is witten on the fixed clock track head. Berger, 4,531,167 discloses a
portable servo wit f Wik N I sk Lt on a
dedi cat ed di sk surf:%%é%l?&%%eag‘gggd’aggsvga?rg%tjé on gﬁfs\lég (L) eg}ﬁﬁggﬁe i cndi sk
drive. Servo tracks eomtyel t(ASC oyinfoawatiien bunatt£elivwed dar ar Edlgethavi ng
one fixed head and dedi cat ed _servq surface. The ter ,di ridge is
installed on the dr i%/lér%{ﬁc?aftt REXYE: $8n§ﬁ?§glc%f%fm??réa§rtleovlel%ﬁﬁegi %’%:agenbedded
servos are witten usedshdmrivst o@nseroekeamtro DdnEovativai.i oThér om t he

fi xed head of the master cartridge. Penninan, 4,530 Olé?_ d‘i{scl_oses a.servo
pattern pattern is written on a disk by the disk drive unit

using a mechanical index on an armature associated

with the rotation of the disk as a primary time -

reference, with ali other time references being
baseci on a transition between the erased gap’ and the
AGC burst. While the disclosed servo pattern |
eliminates the need for a separate clock track, the
mechanical index, sensors for the mechanical index,
and a posiﬁioning system are reqﬁired for moving the

read/write head to write the servo pattern.

While the prior art servo writing devices
provide improvements, it is desirabie to provide an
improved method for writing servo information by the
disk file and a self servo writing file where a
special servo writer system and prewritten patterns
on the disks are not required and further that does
not require either a clock track timing reference or
substantial different circuitry from the normally

available circuitry of the disk file.
SUMMARY OF THE INVENTION

Important objects of the present invention are
to provide an improved self servo writing file and
methods of writing servo information; to provide
improved methods of self servo writing in which

variable track width and head dependent pitch are -

-teo
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"4 including an erased gap followed by an automatit gain control (AGC)
information burst followed by a first burst of seryg shesntasdeer F

followed by a second burst of servo control mforma% “““\ rn’ |s

witten on a disk by the disk drive unit using a ne on-an
armature associated with the rotation of the disk as a primary tine
reference, with all other tinme references being based on a transition

bet ween the erased gap and the AGC burst. Wi E_e t he di scl osed servo pattern
elimnates the need for a separate clock trac t he nechani cal i ndex,

sensors for the mechgp %ﬁf% 14 w)sﬁ%mh 2208kt &L L% Ws@;re requi red' for

nmoving the read/wite e servo pattern. 'e the prior art
servo witing devi cesapalilittyiinpremppoartied; rhdi to gesivials ent bmprovede an

i mproved nethod for w servq i.nformation.b e and a self

servo witing file V\ﬁ%ié s«fq% B’r&ltlg’@r €geﬁr??‘a|"¥%%d§n° Hrb BRI TTERC

patterns information substantially without negative effects
and that overcome many disadvantages of those used in

the past.

R -

In brief, the objects and advantages of the
present_invention are achieved by a self sex:vo writing
file and method for writing servo patterns :'Lh a direct
access storage device. First servo information is
written on a data storage media at a first crash stop.
The transducer heads ére moved offset from the written
servo information while reading the last written
servo iznformatien until the detected servo signal
equals a predetermined value. Then servo
information is written on the data storage media res-
ponsive to the detected servo signal equal to the
predetermined Yalue. The moving and writing steps are
sequentially repeating until a second crash stop is
reached. A guad-burst servo amplitude pattern or
phase pattern can be used for the servo information.
Significant advancements are that no clock head is
required to achieve this high bandwidth system while
sector placement is maintained in a repeatable

radial spoke like arrangement.

In accordance with the invention, the servo
writing method is adapted easily for many different
servo options. When the file uses a hybrid servo or
sector servo, the other surfaces can be writ’een by

duplicating the servo bursts or any servo pattern with
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on the disks are not required and further that doesmot TequirTe € ther a
clock track timng reference or substantial differentrdghedihsBeed Kephtddhe

normal |y available circuitry of the disk file. SUMVARY _ ON
| mportant objects of the present invention are to provi sel f
servo witing file and nethods of witing servo infor oh, L vi de

i nproved nmet hods of self servo witing in which variable track width and
head dependent pitch are REPLACEMENT SHEETg5 enabl ed and optim sed use
of the head/disk capability is supported; and to.provide an inproved self
servo writing file agd,iod badenAlact GbirlO Se5¥éni NhOLERNLRAvRaYST aAbi al | y
W t hout negative effects and that overcone Tmny di sadvant ages of those used
in the past. Accordisgrve wrictingedtepsf cahderranaatad,fom eaaht ottty s

Gevi co. 1 nel uai ng at VEASE SRR DY bR WG PRI 2 P00

drive notor and an avatbable ftradoPitgH cansile garowirins byesalegtivelyhe
data storage nedia for reading and witing data_.to the data stqrage di a,
sai d method conpri si“@rﬁ%gs’il&’p?r@ﬂeﬁeﬁﬁm&%eﬁ’gvg'%ﬁ _%%f?%a’é?%?'ﬁ'(}'g‘ %S‘Ei €lsi ng

t he ' tected servo signal.

——— . : N

BRIEF DESCRIPTION OF THE DRAWING

The present invention together with the above
and other objects and advantages may best be
understood from the following detailed description of
the embodiment of theé invention illustrated in the

drawing, wherein:

FIG. 1 is a schematic and simplified vertical
sectional view of a rigid magnetic disk drive unit

. embodying the present inventién;

FIG. 2 is a top plan view of the structure shown
in FIG. 1;

FIG. 3 is a flow chart illustrating sequential
operations of the self servo writing file of the

invention;

FIGS. 4A, 4B, 4C and 4D are flow charts
illustrating alternative sequential operations of the

self servo writing file of the invention;

FIG. 5 illustrates a quad burst servo pattern for

the self servo writing file of the invention;



drive notor; using said transducer means, witing servo information on the
data storage nedia at a first portion of the data storage nedi a using
timng informati on devel oped without requiring the use of a clock track;
using said actuator and -transducer neans, noving offset from said |ast
witten servo information and detecting said witten servo information
until said detected servo signal equals a predeterm ned val ue; devel opi ng
timng information fromsaid last witten seryo information; using said
transducer means, witing servo information on said data storage nedi a

responsive to said detectiefsS@ Q18R eRIdaLvd sl diredetnensaed val ue
using said timng informati on devel oped fromsaid |last witten servo

i nformati on without FeEe Waigdine fide of the|igventia®s; and sequentially
repeating said noving, developing timng information fromsaid |last witten
servo information and witing steps until a second portion of the data
storage nedia is.reached. FIgcdr dieng fhbowshardy 1A§B§§Fa§ﬂ-n9h%15?‘é'%€ﬁ%ve

invention there is pééﬁﬁ%?@jk& %ﬁlérasc%}i&\é&' | 1 £ IdeBvOURE £ EhBIEi Pe of
housing; a plurality o I sk surfaces nmounted 1n said housing Tor

si mul t aneous rot at i othealioxversricmgi spda plurality of transducer heads

nmount ed for novenent across said disk surfaces for reading and witing
information to said disk surfaces; a control systemfor witing quad-burst =
servo pattern over at |edBIGoidi akfkow fclkmxt ddildsteratinly sgguential

i ncludi ng; neans responsive to mpt.or .r.qt gti ng_sai i sk.surfages for -
devel opi ng timing i RFTATIGE ﬁQeP&l%WPﬁ gﬁ %‘?ﬁ%tﬁz? 8%urst type
pattern on a first ongnoftSid ¢didratsidripattaing {h e BRtHII el thée data

storage nedi a
self servo writing file shown in FIG. 7.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT

In FIG. 1 there isi shown a partly schematic block .
diagram of parts of a data storage disk file 10 |
including a rigid magnetic disk drive unit generally
designated as 12 and a control unit generally
designated as 14. While a magnetic disk drive unit is
illustrated, it should be understood that other
mechanically moving memory 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. After data
storage disk file 10 is completely assembled, servo
information used to write and read data is written
using the disk file 10. The need for prerecorded
servo patterns often written with a servo writer

system is eliminated.



usimg said timng informati on devel oped without requiring the use of a
clock track; neans for noving offset fromsaid |ast witten servo burst
type pattern and for detecting said witten servo burst type pattern until
sai d detected servo signal equals a predeterm ned value; neans for
developing timng information fromsaid |last witten servo information; and
means for increnenting said servo burst type pattern and for witing servo
burst type pattern responsive to said detecteg servo signal equal to said
pr edet er mi ned val ue using said tining i nformati on devel oped from said | ast

witten servo informationgubipoyhgrasylid PACENCI Usk of of PAORIAVERK, -

According to still another aspect o the present invention there is
provi ded a nethod fodiskidiinge sevivo l@aineludes m stdckedb of clissksslé age

devi ce including at | east one.data stora di a nt ed f or a
drive notor and an alé?ﬁ’a?%rq? ar%ﬂﬁ& ?ggﬂgg{l%esfu%aaée (}roel a ‘ﬁté]?%] 4
data storage nedi a f@fer:mﬁimmriﬂ aiiall1eg ﬁatasmnmwisamm@a madl a,
said nethod conprising_ the ste

tial t
predefined count val #8<¢ P %ﬁﬁlgiﬁﬁf’#&mlﬁgigﬂi?slﬁﬁq@m%ﬂ%{ gﬁ%ﬁ%gﬁrﬁswl ues

for burst wite st aflbété‘%ﬁhﬁﬁtm@ oh eaeh! &1 sk ey alre readcamyoyal ue;
rotating said data storage media using the drive notor: devel opi ng timng

i nformation includi ngrat ?m%hﬂbﬁn?OVEPEEenémaﬁﬂw% count -
val ue i th said i taliged ALuAL ek f o SdEEBESGOUE s d@&%when

said timng count value Is eq urst wite start count .val ue,
writing servo informsing aardedm&barrhgbrﬁécbm, arfel ofttlperd:usin of the

data storage nedia using sai jm i nf ormat i op and._st op

tining count value iS9E ﬁﬁ?sd%a s feFve _%’Pg‘bn%’fﬂ]?n\}gﬁﬁfg té’n@%?%?ah ng
sai d servo infornati pRedthatHen iid lda3’ Bnt the otker @i skokliefhgesoz@l to
said conplete revol ution count value; noving offset fromsaid |ast witten

servo information and detecting said witten servo information until said
' Transducer heads 28 are mounted on flexure

springs 30 carried by arms 32 ganged together for

. simuitp.neous 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 commonly
used, the motbr 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 registration with data
information tracks or data cylinders 42 to be followed
and access particular data sectors 44. Although a
rotary actuator is shown, it should be understood that
'a disk drive with a linear actuator can be used.
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 signalé on line

26A and- position control signals on line 38A. - -



det ected servo signal equals a predeterm ned val ue; devel oping timng

i nformation fromsaid last witten servo information; witing servo
dnformation on said data storage nedi a responsive to said detected servo
signal equal to said predeterm ned value using said timng information
devel oped fromsaid |ast witten servo information; and sequentially
repeating said noving, devel oping timng |nfoPnat|on fromsaid |ast witten

servo information and witing steps until_ a second portion of the data
storage media is reached. NAREEPUPIAER IRfmatiamEragkset? e AFRFaHesent

invention there is.p§pvi %&ex@tfwga&%r\ff Lhi i SRIGHARY hBRDAm Hr Fe 4l €Ct

access storage device conprising the steps of: (a) witing a clock track on
a data storage nedi addskessuyface () vifodaba dbsks d@.a Atdataycyidader (b)

witing servo infor n.on sa| d stora portion,
wherein said servo .”%%‘ %%?l oh 7% wﬁg?gﬁemgpdﬁgﬁaﬁ&%%{o&gc tl%

dividing the wittentehers 42&8&- ithieodatd Suelf fen 20 antn@rdam siwtt\aiﬁl
the witten servo information;. (d)_noving offset fromsaid witten clock

track and detecting $hfH fHile t]é:h cPBEﬁ InfRxmaion tragdisefEctnciid® & gnal
provi ded by said Odgﬁf%gfg%'egréf s o% B&EQ%@&EBE!@%V@EE% £68)

writing an even clo n sail ata storage media responsive to .said
detected servo signatorbadhing & ginedefidecesizaeaf ixidividuaiogneypst of (d) .

(f) noving offset frgg)&;h:eecl:{;punt |Hf t%ege?\écggéa%& VAT gg@rgg,g% %ﬂ sai d

| ast written even cl OCK™ bur _ Servo sig pi-ovi
said last witten evepdatesk mda&quhhfonmptﬁdntuankmda/ateedl$y)sed

writing an odd clockgrst aon SaJde]cij t.or age aglar spon5|veto sai d

det ected servo signaf ﬁpe%‘%tl@”rﬁg alfeto serv
informatlon, such as a servo reference index. 1In FIG.
2 one sector 44 is illustrated as SECTOR O 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,
20°.

In FIG. 3, there is shown a flow chart
'illustratinq,the self-servo writinq accomplished by a
boot-strap method of the invention beginning at a
block 300. Sequential operations begin with the file
started with the actuator at the inner diameter (ID)
stop as indicated at a block 302. File 10 is spun up
with the actuator latched against the inner (ID) crash
stop as indicated at the block 302. Disks 18 in the
DASD 10 p'referably will have no signal present on the
surfaces 20 and 20°. Alternatively, the disk surfaces
20 and 20" will be erased in the file, however this

is more difficult.



in noving step (f); (h) nmoving offset fromthe last witten odd cl ock burst
and detecting said last witten odd cl ock burst until a detected servo
signal provided by said last witten odd cl ock burst equals a predeterm ned
value; (i) witing an even clock burst on said data storage nedi a
responsive to said detected servo signal equal to said predeterm ned val ue
in nmoving step (h), one of said witing steps (g) and (i) including the
step of witing servo information; (j) sequenypally repeating said nmoving
and witing steps (f), (g), (h) and (i) until a second portion of said data

storage nmedia is reached; [gnd k) WM LELNG £ e3lelRbat dpéltstrﬂqu Retyrer odd

and even cl ock bursts not "previously wi t%[en W ta% sdi gﬂservo I nf ormat1 on,
i ncluding the step ofisuappdiedi tio mowe thef actaaton tawapdsitthe outgr

According to still angther aspect_.of .the present invention.there j.s

provi ded a nethod fof FﬁﬁBSer'J;}be 6&%%?5 RUACHP &2 2 gggsggs{-’}é?age
device conprising theuteeP$oD) &bPash stad a® ihiilgated Hela black 804a data
storage nediumat a first portion of said data storage nedia; (b) witing

servo information over said clock track periodically around said clock

track; (c) noving offset @ qindabdrekoskrys nittrirth det dibsehgsadihcl ock
track until a detected signalsﬁrovided by sal d clock crack

predet ermi ned val ue; " QEPDWBPRSASERYP W%Nooﬁmgiwm%%hgg&%& a =
responsive to said dehgeRpAToNRa! 1 ﬁuﬁécﬂﬂiféi%ﬂcﬂ%ﬁ:@hﬁﬁeﬁhu%w
nmoving step (c); (e) noving ofrset fromthe last witten clock burst and
detecting said | ast WSi,t Nen 3Bpodudusts (1990 ativantisgecusllysigndedor oksded by
| illustrated in FIG. 5, the quad-burst servo pattefh
consists of four different base amplitudé patterns
with the same fundamental frequency. Each of the four
pattern types are written in the corresponding
offtrack positions separéted in time designated by
A, C, B, and D. Each burst has the capability of p-
roviding self identification. Accurate timimj of
information between bursts is not required for
reading the servo pattern. FIG. 6 illustrates the
primary position error signal (PES) or P signal and
the quadrature PES or Q signal_used for writing the
servo pattern. AlternatiVely, a more standard
approach of an ID field and the servo burst could be
used for each burst of the amplitude pattern, such
that reading the pattern never requires the timing of
information between tracks. Note that quad-burst
patterns have at least one track width of erased data
beside each burst so that no oi:her sigrial is picked up
even if the head is significantly offse_t from a given.

pattern.

Each head 28 is used to burst write a servo

pattern A at the OD crash stop as indicated at a o



said last witten clock burst equals a predeterm ned value, (f) witing a
cl ock burst and servo information on said data storage nedia responsive to
sai d detected signal equal to said predeterm ned value in noving step (e);
(g) sequentially repeating said noving and witing steps (e) and (f) until
a second portion of said data storage nedia is reached; and (h) witing a
calibration pattern between said clock bursts not previously witten with
said servo information, including the step ofllising said servo information
for positioning. Accor d| ng to yet anot her aspect of the present invention
there is provided a bdok&kd306r VEhd mmlﬂmuﬂ@ pﬁtemhnhead asohteesuredcmd

storage device conprising the, steps. o ock.tra adata
storage nedia at a fF‘Pé’F%pGFH' tgéaoé %E#o&%‘e %éd?‘noldlfﬁf' |ahg
servo information oveec3aidnCho6kk! 356 ‘bf%‘éé@ﬁbﬁ%h&%méh%%”ﬁré%éﬁé' OGke
track; (c) moving offset fromsaid clock track and detecting said clock

track until a detect edfgegnavaplebile@w msing ghel Ueﬂu‘t:@dc#@-‘aéﬂﬂal s a

pr edet er mi ned val ue; | q—cjfé t e nedi a
responsive to said det ghfiwg %I g%a ;—F%% gt%ﬁrr‘?kn?é‘%&ﬁgue in
nmovi ng step (c); (e) va:enghef'lfmkfwmhh o€ b.aheadvmst about!| 344 dfirtdhte and

a1 61 26t wri 1 en ol HeRtER.SL RH . 4R Peatin oo n R F VR EEARR pEFRHI 0.

clock burst and servbel tiked however, S ¢hdalld bé Qirkir SEsHd thaPandithert 0
sai d detected signal Eual to said predeterm ned value in nmov stecE) (e);
(g) sequential ly rep¥aiiggna¥ike wRachdfadasired; nPne Bgad &5 %?I’fgﬁ‘ﬁﬁ until -

a second potion of samlméﬂggﬁiggfcaeeaaaé %éa@ihfﬁ’amdﬁ{ BhRNgoa

calibration patter between c rsts not previously witten Wlt?l servo -
servo away from the stop a selected offset, for

example, about 1/2 track. Head 1 is moved until an
‘empirically predetermined ratio S of amplitude at
1/2 track offset to amplitude on track is detected.

Offset amplitudes of all the heads are measured
and then compared to the original amplitudes at block
310. A maximum ratio head having the largest fraction
or maximum ratio corresponding to the widest head on
the actuator is identified and saved as indicated at a
block 314. Then the written .pitch is referenced to '
this maximum ratio head to allow enough room to
prevent 'too much squeeze. This can be used to allow
data to be written at larger radii reducing linear
density and improving quality or by allowing higher

capacity offerings from the same base model file 10.

Other information about the track
misregistration (TMR) distribution on different
heads, or from a squeeze test can be used to influence

the selection of the nominal pitch for the file.

-ieo



6¢c information; and (i) rewiting said calibration pattern, wherein said
step of rewiting said calibration patterns includes the steps of reading
back adjacent servo and calibration patterns, identifying the spacing

di fference between the servo and calibration patterns, calculating an
average value of all identified differences, subtracting said average val ue
fromeach identified spacing difference and storing an offset table, and
using said offset table for rewiting said caljgbrati on patterns. BRI EF
DESCRI PTI ON OF THE DRAW NGS The present invention together with the above

and ot her objects and advaic@ahdae1Betbdsi terars beedrinig@d hg fol | ow ng
det ai |l ed description of the enbodi nent of the invention illustrated in the

drawi ng, wherein: FlGeference hemehisi sebedted i bei Ehevdeninant KRTYdNal
G 206 & fop plan iiihist Phs i bt IIECY KAl oRePbiseliedd yanl ba"
flow chart illustratithe widest hehdopavedianthef blbeks®l4. servo writing

file of the invention;, FIGS.. 4A . 4B, .4C an D are . flow charts illustratin
al ternative sequenti 1%}%?%%0#1}%%‘2?‘?1‘5%{% ]/519 ﬁb‘rffsiaFg 8F ®he :

invention; FIG 5 illiiHread @erdroliaded Beé rritien,Pehbesdrv®hddeisel f servo
witing file of the invention; _
selected as the reference head. Other basis for the -
reference head selection could be the head with the
highest signal or signal-to-noise estimate, or a
position in the disk stack that is known to have the

least TMR.

Then the maximum ratio head is moved until the
measured ratio equals the empirically bredetermined
ratio S as indicated at a block 316. Then the
amplitude for the selected reference head is
measured and compared with the original amplitude

and a ratio T is saved as indicated at block 318.

Next the OD stop outer track is written with the
burst pattern of the type defined as A as shown in
FIG. 4, if required, as indicated at blocks 320 and
322. On ﬁrack amplitudes are measured and saved as
indicated at a block 324. When the original amplitude
track written at block 306 is adequate, it can be
used; otherwise, a new pattern A is written at the
block 322 with the erase left on between the bursts.
When the sta.rt to stop timing or spacing of the first
to last burst is inadequate, the burst pattern A is
rewritten with erase on between bursts until

adequate closure is obtained.
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7 HG 6 illustrates servo signals for the self servo witing file of the
invention; FIG 7 is a flowchart illustrating alternative sequenti al
.operations of a self servo witing file of the invention; and FIG 8 is a
flow chart illustrating sequential operations for identifying an offset
table and rewiting calibration patterns in the nethod of the self servo
witing file shown in FIG 7. DETAILED DESCRI PTI ON OF THE PREFERRED

EMBODI MENT In FIG 1 there is shown a partly_gchematic bl ock di agram of
parts of a data storage disk file 10 incl udi r"ré a rigid magnetic disk drive

unit generally designatedq as and, g control wunit general ly designated as
1 Wi le & magneti o di o aPFVBRvASEE TR AVRS Pt Bt any
understood that ot hgrirReEhakiraakl WilDd¥ JTAR ﬁﬁ?féﬂ@ﬁﬁfi@@ﬁt”ﬁy be
used. Unit 12 is illustrated in sinplified formsufficient for_an

under standi ng of thémeuaderf repeatrbhe el EHCept FPrYSBRALL MOIR®sent
invention is not |igkAd diQrdedal #hhdid Fill therefore follow its

natural course. The low bandwidth servo requirement
preirents the build-up of repeatable runout, that

would result if a high bandwidth system were used. =
The start of write is obtained from a motor pulse for

index. The burst patterns are written with bursts

phase lock loop (PLL) syr_;chronized to motor revolut-

ion.

Next it is determined if the reference head is ai:
the ID crash stop as indicated at a decision block
326. If not, the head actuator is moved offtrack by
1/2 of the track pitch identified by a measured ratio
T for the reference head as indicated at a block
328. Then the buffer pattern is incremented as
indicated at a block 330 so that following type A
bursts, type C bursts are written at block 322
starting a given time after the start of each type A
burst. The current is turned off between the bursts
to avoid erasing edges of the previously written

bursts.

The servo system measures the average ontrack
amplitude of the type C bursts and :establi_shes the
threshold level T as the fraction of the measured
average amplitude, to be used as the servo reference.
The servo system is then switched to the C signal and
the head accessed until the amplitude equals -the
calculated threshold.

e



parttcular drive unit construction. After data storage disk file 10 is
conpl etely assenbl ed, servo information used to wite and read data is
written using the disk file 10. The need for prerecorded servo patterns
often witten with a servo witer systemis elimn nated. 8 Referring now
to FIGS. 1 and 2 of the drawing, disk drive unit 12 includes a stack 16 of
di sks 18 having at | east one magnetic surface 20. The disks 18 are nounted
in parallel for simultaneous rotation on and Ry an integrated spindle and
not or assenbly 26. Data information on each disk 18 are read and/or witten

to by a corresponding trangducel apl ' Ug .
20. In a disk drive_usi ngrgﬁa d}gﬁg@%&%ﬁ%}bgﬁpggﬁhﬁg%étﬁﬁg d@ﬁ%
surfaces 20 stores saérustsfaremwriditens etining oxff chentypes iurstal dat a on

e e 0, P i gl RSB e PRl EL SR o4 B ©
type B bursts. The head is now approximately aligned
with the type A bursts written .two customer tracks

!back. The sequential steps are repeated until the
reference head reaches the ID crash stop identified at

block 326.

To maintain uniform burst spacing, an average
timing value between previous track bursts is
estabiished. Uniform burst spacing can be
accomplished using a given number of cycles of a .
crystal clock. The clock is high fregquency so there
are hundreds of cycles counted to establish the /
nominall burst spacing. The count of the reference
clock counter at the time of the previous burst is
compared to the expected count and correction is
applied for the average error over multiple bursts.
When the error indicates the bursts are occurring
later on the average than the expected, the burst
spacing count is corrected to delay the calculated
expected positions. In this way, an averaging of the
burst spacings is performed and bursts are written
much more uniformly so that the variability of the

burst spacing does not significantly accumulate.

This action provides a uniform spacing between
bursts. However, there can still be é sméll timing
of fset between tracks that can accumulate and can

" produce a slow change in the circumferential

positio_n of the bursts versus radius. The average : -

A
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si'mul’'t aneous pi votal novenent about a support spindle 34. One of the arns
32 includes an extension 36 driven in a pivotal notion by a head drive

nbt or 38. Al though several drive arrangenents are commonly used, the notor
38 can include a voice coil notor .40 cooperating with a nmagnet 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 dafa cylinders 42 to be

foll owed and access particular data sectors 44. Although a rotary actuator

is shown, it should b&ﬂﬂﬁﬁéﬁé&?@léf?oﬁﬁoﬁ(o@tﬂé Matde dannBar act uator

can be used Data storage disk file Is a nodul ar unit including a
housing 46. The vari di@nmmm&eomom driwe f‘qllnénﬂﬁ -ar AnY ANrr [ied | n

operation by signals QX o S ql%{é%i{
signals on line 26A a%? ‘gécﬁ%on cc%in L% TS on ?ﬁg g%)%e umer ous
data i nformation t. raorktmwg"e e mﬂnb)eadof crystal clock counts per burst.
Using this feedback, significant creep of bursts in
the circumferential direction versus radius is

prevented.

After one whole surface is written, the other

surfaces’are written for', sector servo or hybrid'_s._,ervo
files, by switching to the high bandwidth servo using
the difference between two bancis for the PES, and

- duplicating the servo bursts onto the other surfaces.
For example, with the head centered between the type A
and type B bursts, the type C bursts are written on
all the other surfaces, multiplexing the read of the A
and B sighals with the write of the C burst between.
In a similar manner, all the.other bursts can be
duplicated, except the 1a§t type on each end of the
data band. These are not needed but could be written

if desired by moving against the crash stops.

Alternatively the above sequential self-servo
writing steps can be performed for separately
writing each surface for providing head dependent
pitch. In this case, each surface has a different

| traék density, according to the track width of the
next head. The use of a pitch to match each head
allows more optimum use of each head’s capability.
Then each head defines the servo and the sequential
steps of selecting the widest head for the maximum

ratio head are eliminated.



in a concentric pattern in the magnetic nedi um of each di sk surface 20 of
data disks 18. A data cylinder includes a set of correspondi ng data
Fnformation tracks 42 for the data surfaces 20 in the data storage disk
file 10. Data information tracks 42 include a plurality of segnents or data
sectors 44 each for containing a predefined size of individual groups of A
data records which are saved for later retrieval and updates. The data
information tracks 42 are di sposed at predeteigi ned positions relative to
servo information, such as a servo reference index. In FI.G 2 one sector 44

is illustrated as SECTOR @nhdi dhepadingbt BIEtOboBREKohA DX dratiyy @aper |y
| ocating the first data sector. The |ocation of each next sector 44 is

identified by a sect6irFuefiereptielopr @mylagupssitisn s9ferapsaRblowRads
28 fromsurfaces 20, : oA BrhS1e Il%ﬁ-tﬁr th
illustrating the sel Fggev%/#%ﬁ?f:)gseg%?o%??gﬁydy\%‘;&gboo - st rx{gp rrgt g?i of
the i nvention begi nnpfica atlack heald .30Bl ittnakeing aiseopdr the apbodiediaadni t h

ndi cat ed at & bl ook A0S ST agyihcgiadic S8IkR dPrabltheiti.
Typically a clock head has been used to overcome the
circumferential timing synchronizing problem on the
surface of the disk. Using the motor drive or clqck
"~ frequency multiples allows synchronization with the

disk surface eliminating the need for a clock head.

Even though a clock head is not required, high
bandwidth and high burst density can be achieved . The
use of the file clock and PLL synchronized motor drive -
commands allows accurate placement of the servo |
bursts circumferentially around the track. The
accurate burst placement allows a very high density of
bursts to be written. The high burst density directly
contributes to increasing the servo position sample
rate which increases the available servo bandwidth
capability. Hence the bandwidth is not limited by the

number of motor poles or electrical drive cycles.

The technique for maintaining burst position
synchronization with the angular displacement on the
disk is key for providing a stable index and an
orderly spoke like sector arrangement on the disk
surface. This enhances the control over sector
positioning on the disk surface and allows optimal

: arrangexi\ent of the sectors for maximum throughput.

It should be understood that for a track density



wi th the actuator |atched against the inner (I1D) crash stop as indicated at
the bl ock 302. Disks 18 in the DASD 10 preferably wll have no signal
present on the surfaces 20 and 20'. Alternatively, the disk surfaces 20 and
20" will be erased in the file, however this is nore difficult. 10 First
the latch is released, and a small current is applied to nove the actuator
towards the outer crash stop. - The actuator bounces to a stop at the outer
(OD) crash stop as indicated at a bl ock 304. Agquad-burst servo pattern as
di scl osed in "QUAD BURST SERVO NEEDI NG NO SYNC | D AND HAVI NG ADDED

| NFORVATI ON', | BM Te iaCale DI .U 14 et iR 3 st
1990 advant ageously %Iséafg?(?%%a?ug??%&e]ﬂ%%ﬁé%ls %ﬁ%%%%’a?rbﬁgg? servo
pattern consists of feagh dutfacensepacatehyl iitude pattnessssarh tche sane
fundamental frequency. .Each_of the fou at t.ern_t s_are. i i.n .t he
corresponding offtra 1;5%51511 Bngog'%%ﬁ? t‘gﬁf‘q]ﬁqtef‘r%%%eg?ﬁﬁ%eﬂg%?g dih1

band. The pitch can be selectively varied by using an

algorithm to selectively vary the fraction of full
amplitude that is detected for moving the actuator in

the servo-writing offtrack positioning at block 328.

..... -

Referring now to FIGS. 4A, 4B, 4C and 4D,
alternative sequential operations of the self servo
writing file 10 are illustrated for implementing ’éﬁe
burst writing step of block 322 of FIG. 3. In FIG. 4A,
the sequential operations begin at .a block 400 for a
first case with bursﬁs PLL synchronized to motor
revolution. Counts of burst write étarts and stops
are initialized at a block 402 and a count value for
a full revolution is éet at a block 404. Next at a

"decision block 406, a modulo count is compared with a
burst write start. When equal, the buffer pattern’
write is started as indicated at a block 408.
Otherwise or after starting the buffer pattern
write, then at a decision block 410 a modulo count is
compared.with a burst write stop. When equal, the
buffer pattern write is stopped as indicated at a
block 412. The sequential operations are repeated
returning to the decision block 406, until a completed
revolution is identified at a decision block 414.
Then the sequential operations continue to block 324
in FIG. 3.

In FIG. 4B, the sequential operationsbegin at a

block 418 for a second case with nonsynchronized -



A, C B, and D. Each burst has the capability of p- roviding self
I dentification. Accurate timng of information between bursts is not
required for reading the servo pattern. FIG 6 illustrates the prinmary
position error signal (PES) or P signal and the quadrature PES or Q signal
used for witing the servo pattern. Alternatively, a nore standard approach
of an ID field and the servo burst could be used for each burst of the
~anplitude pattern, such that reading the pattqﬁp never requires the timng
of information between tracks. Note that quad-burst patterns have at | east

one track width of cresedhdale MENCIGA6E BHLE!s SbuditlonRo0bERLSEONA! i S

picked up even if the head Is significantly offset froma given pattern.
Each head 28 is used notdurspead veeriationverpart eFinstatitt he dErerminedt op

Saved as i ndi cated atth ioBRedos S P rY AR 6. F08 AR FPock s10
of fset neasurenents adéci@ien btk 420. If yes, then an initial burst
track write is performed until closure is a;:hie,ved as
indicated at a block 422 and then the sequential
operations continue to block 324 in FIG. 3. ' =
Otherwise, a new burst is written by first as
indicated at a block 424 to lock the PLL on 'i'.o
previous track bursts, then to trigger the counter by
threshold detection of .the start of the previous track
burst at a block 426. When a count equal to the burst
start separation count is identified at a decision
block 428, then the new burst is written at a block
430. The sequential operations are repeated
returning to block 426, until the last burst on the
track has been written identified at a décision block
432. Then the sequential operations continue to block
324 in FIG. 3.

In FIG. 4C, the sequential operations begin at a
block 436 for a third case with nonsynchronized
averaged triggered burst writes that reduces average
burst start error. First it is determined if the head
is forced against the OD stop at a decision block 438.
If yes, then an initial burst track write is performed
until closure is achieved as indicated at a block 440
and then the sequential operations continue to block
324 in FIG. 3. Otherwise, a new burst is written by
first as indicated at a block 442 to lock the PLL on to
previous track bursts, then to trigger the counter

start by'avéraging burst start detected threshold S



of fset available by using the reduced track anplitude is | ess than the
physical track width. Since the track width of a head is about 3/4 of the
“desired pitch, an offset of 1/2 of the track pitch can be used; however, it
shoul d be understood that another value may be used if desired. One head is
selected arbitrarily indicated as head 1 in a block 312 to servo away from
the stop a selected offset, for exanple, about 1/2 track. Head 1 is noved
until an enpirically predetermned ratio S ofganplitude at 1/2 track offset
to anplitude on track is detected. O fset anplitudes of all the heads are

neasur ed and then cesRghed 10 4 1o 4uad WHIRL bl gsc Bl 0k HA A

maxi mumrati o head having t argest fraction or naxinmumratio
correspondi ng to t heunetiestatieambparatiomcopuatolsikiéentifidd et and saved as

i ndicated at a bl oc 14. T t.he itten pitch is referenced o this
maxi mum ratio head ggéé?mﬁ/q%eﬂ% 'rf*élfgo'oﬁ"?& ﬁj?%\}%"rﬂ i’f“&?thﬁghwghﬁ f2AT Fhi s
can be used to all obldekat4®. be@her sbgaential operativhs aredvepagtkeanear

density and i nprovin uality or by allow ng higher capacity offerings from
the sanme base m)delrgﬁgﬁm_tﬂg &2 RO Adlranbhl fasteburgtion the

track has been written identified at a decision block
450. Then the sequential operations continue to block .
324 in FIG. 3.

In FIG. 4D, the isequenti’él operations begin at a
block 454 for a fourth case with nonsynchroﬁized
averaged triggered burst writes with index correction
that reduces average burst étart error and corrects
for index drift around the revolution. First it is
determined if the head is forced against the OD stop

" at a decision block 456. If yes, then an initial

- burst track write is performed until closure is
achieved as indicated at a block 458 and then the
sequential operations continue to block 324 in FIG. 3.
Otherwise, a new burst is written by first as
indicated at a block 459 to lock the PLL on to
previous track bursts, then to trigger the counter
start by averaging burst sﬁart detected threshold
timings and track average time at a block 444. When
a count equal to the burst start separation count is
identified at a decision block 462, then the new burst
is written at a block 464. The nexi: step is to update
average track time correction by the difference to the
present drivér or PLL motor lock time as indicated at
a block 466. Then the sequential operations are
repeated returning to block 460, until the last burst

on the track has been written identified at a decision -



m sregistration (TMR) distribution on different heads, or froma squeeze
test can be used to influence the selection of the nomnal pitch for the
file. 12 Once the selected pitch is determned, a reference head is
selected to be the dom nant servo head for witing the file. The reference
head can be the w dest head saved at the block 314. Alternatively, when a
dedi cated servo surface or a hybrid servo is to be witten, the servo head
is selected as the reference head. O her basi or the reference head

sel ection could be the head with the highest signal or signal-to-noise

estimate, or a positi e di S 1.5 9K : \%
TMR. Then t he nmaxi rrun!ig ?%%]?oéi%ad‘r?gnng%gs %ﬂ?élel{% lela%ewggtlﬂ:(r}gggr g?%lgfggggﬁ%s
the enpirically predébbock @ iat FGGS 3s i ndicated at a block 316. Then the

anplitude for the selected reference head is neasured and conpared with the

original anplitude .
- In FIG. 7, there is shown a flow cha._rt

illustrating an alternative self-servo writing method
of the invention beginning at a-block 700. First
master disk surface is eraseq;gs indiéated at a block
702 in the alternative self-servo writing method.
Erasing can be accomplished by turning on the head
_write'curreﬁt with a DC data signal while slowly
moving the head across the master disk surface. To
minimize the number of missed spots that occur if the
head moves too fast during erasing, repeated passes
over the disk can be made. By controlling the
velocity such that the head moves less than one head
width per disk revolution, erasing can be provided
with a single pass. Constant velocity moves can be

. accomplished by back EMF sensing of the actuator motor
to. determine its velocity. Also when a 'large
percentage of the disk surface is erased, for example,
such as more than 90)%, then this self-servo writing

method can be performed.

Next a clock track is written at one of the crash
stops, such as the ID cfash stop as indicated at a
block 704. A stable clock source, such as a crystal
clock, is used to write a required number of clocks on
the disk using a single head at the block 704. After a
clock track is written, the number of clocks actually
written for one revolution is counted using an index
mark encoded in the clock data to determine when to

start and stop counting. When the disk is rotating _at -



and a ratio T is saved as indicated at block 318. Next the OD stop outer
track is witten with the burst pattern of the type defined as A as shown
n FIG 4, if required, as indicated at bl ocks 320 and 322. On track
anplitudes are neasured and saved as indicated at a bl ock 324. Wen the
original anplitude track witten at block 306 is adequate, it can be used,
otherwi se, a new pattern Ais witten at the block 322 with the erase |eft
on between the bursts. Wien the start to stopghi ming or spacing of the
first to last burst is inadequate, the burst pattern Ais rewitten with

erase on between burséﬁe?yg?g&aggggat ethb by mgaegmfﬁloégs Rapw

bandwi dt h servo system | that “any Itten trac not contain
any. significant anourarefwnidyiwat obl theutixk anskcdpckfwriting |[ishcomplete.

bandui dih servo T oqui S ARENTL 1 e JBREE Y, et ko EEE LR iR L RS Eeatl? OV
t hat are made until exactly N clocks are written to the
disk. -Since the clock source is fixed in frequency,
only the disk speed is varied for each clock writing
trial until the correct number of N clocks are

written.

Bursts of servo information are written over
the clock track, periodically around the track as
indicated at a block 706. Then each clock burst
between the servo information bursts are divided
into two halves, naming the first half the odd clock

i . burst and the second half the even clock burst as
indicated at a block 708. Next as indicated at a
block 710, the head is moved using t_he odd clock track
signal amplitude as a servo signal, untii the
amplitude drops to a predetermined value Tl, for
example, such as 60% as indicated in a decision block
712. Then even clock burst and servo information are
written for this head position while servoing and
synchronizing the system timing off the odd clock
burst on the previous track as indicated at a block
714. At block 714, the servo informatien is written
aligned in time with the servo burst on the previous

track.

Next as indicated at a block 716, the head is
moved using the even clock track signal amplitude as a
servo signal until the amplitude drops to the

predetermined value Tl1l, as indicated in a decision

.o



woul d result if a high bandwi dth system were used. The start of wite is
obtained froma notor pulse for index. The burst patterns are witten with
bursts phase | ock | oop (PLL) synchronized to notor revolut- ion. Next it is
determned if the reference head is at the ID crash stop as indicated at a
deci sion block 326. If not, the head actuator is noved offtrack by 1/2 of
the track pitch identified by a neasured ratio T for the reference head as
indicated at a block 328. Then the buffer pattgrn is increnented as
indicated at a block 330 so that following type A bursts, type C bursts are

witten at bl ock 322 siguling 2 ghdfihdd @ho@ﬁsbﬁﬁrgheléwlttwn goehthyge A

burst. The current is turne off et.ween ursts to avoid erasing edges
of the previously w iheah pomittion Wheleesenveyngandmmhe‘smlzenavthage

e e

servo reference. The &adma%yghggbh@eahg-a §w1b@|ke¢200 threrCthiegnal and the

head accessed until the anplitude equals the

_ sequential steps are repeated returning tec block 710

until the head is moved all the way across the disk
to the OD crash stop as indicated at a decision block 5
_722 to complete the servo writing process. Then a
calibration pattern is written between each odd and
even clock bursts where no servo pattern had been
written previously over the disk surface. .The |
calibration patterns are written using the servo
patterns for positioning the head as indicated at a
block 724. After writing the entire surface with the
‘calibration servo patterns at block 724, then each
calibration servo pattern is read back as indicated at
a block 726 in order to determine any offsets? for
example due to head geometric effécts and thé'coarse
positioning used in blocks 710 and 716, as indicated
at a block 726. Identified offsets are stored in an
offset table as indicated at a block 728. Then moving
‘to a next track, calibration patterns are repeatedly
read at block 726 and stored in the offset table at
the block 728 until all tracks have been read as
identified at a decision block 730. Then the
calibration patterns are rewritten as indicated at a
block 732, using the stored offset table for position
correction adjustments. The rewritten calibration
patterns are evenly spaced at the proper track spacing
and then serve as the xﬁaster pattern for the disk
file. The originally written servo patterné are no

longer needed and can be overwritten. For sector

-t..



cal cul ated threshol d. 14 Next the sequential steps are repeated and type
B bursts are witten, timng off the type C bursts. Then the type D bursts
are witten, timng off the type B bursts. The head is now approxi mately
aligned with the type A bursts witten two custoner tracks back. The
sequential steps are repeated until the reference head reaches the ID
crash stop identified at block 326. To mai ntain uniform burst spacing, an
average tinng value between previous track buyssts is established. Uni form
burst spacing can be acconplished using a given nunber of cycles of a

crystal clock. The Cl%‘%?ﬁ?%&? gaeg g@gyfmgh 8 8Lfv tq}?f@ﬂ& £ HES

counted to establish urs spacl ng. e coun erence
cl ock counter at the dlouk dnficramairien be$wbans'servso dmr[satrsedanobehe expect ed

count and correction |s i ed averaqge error over nmultiple bursts.
tqgéan on t{ae o er surtaaq:es. _ P

Referring now to FIG. 8, there is shown a flow

- chart illustrating sequential steps for read back o_f
the calibration patterns and rewriting the
calibration patterns at blocks 726-732 of FIG. 7. The
sequential operations begin a{: a first track as _

' indiéated at a block 802. Then servo information or
servo pattern is read as indicated at a block 804 to
determine an average for the track. Next the

~calibration patterns for that track are read as

' indicated at a block 806 to determine an average

i calibration valué. The difference between the
calibration and servo pattern averages is recorded
as indicated at a block 808. Unless the last track
is identified at a decision block 810, then the
sequential operation continues with a next adjacent
track as indicated at a block 812. After all the
servo and calibration patterns from the last track
have been read and the differences recorded, then an
average value of all recorded differences is
calculated as indicated at a block 814. Then the
identified average value is subtracted from each
recorded difference to store the offset table as
indicated at a block 816. Then the calibration
patterns are rewritten, using the stored offset
table for position correction adjustments, as
indicated at a block 818. The sequential steps at
blocks 802-818, inclusive, then can be repeéted to

achieve the master pattern for the disk file. : -

3



Wien'the error indicates the bursts are occurri ng later on the average than
t he expected, the burst spacing count is corrected to delay the cal cul ated
expected positions. In this way, an averaging of the burst spacings is
performed and bursts are witten nmuch nore uniformy so that the
variability of the burst spacing does not significantly accunulate. This
action provides a uni form spaci ng between bursts. However, there can still
be a small timng offset between tracks that accunul ate and can produce
a slow change in the circunferential position of the bursts versus radi us.
The aver age 15 circunt egenil aln P95iven oif nh Q%é’éﬂﬁ c‘i%e%?wﬁ%gp?é dto
the nmotor drive timngs. Any error is average over a larger perio can
al so be used to chang@reﬂn@emnmtaafla:bysthé idl ot radhet empedimenst,. Usi ng
his feedback, sian Tl SIEH £ard b3t uhleddla o 14RHE AL Aol ¥t O
the invention as defined :Ln the appended claims.

What is claimed and desired to be secured by
Letters Patent of the United States is:

-
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After one whole surface is witten, the other surfaces are witten for

sector servo or hybrid servo files, by switching to thér:]]'sﬁrmﬁmﬁw
‘servo using the differenc s for the PESI H i ng
t he servo bursts onto theTmmm‘ﬁnmmmeor exanpl e, '
centered between the type A afid typk B bursts, the type C bursts are
witten on all the other surfaces, multiplexing the read of the A and B
signals with the wite of the C burst betweegg In a simlar manner, all the
ot her bursts can be duplicated, except the |last type on each end of the
data band. These are not needed but could be witten if desired by noving
agai nst the crash stops. Alternatively the above sequential self-servo
writing steps can be performed for separat 80pINSi ting each surface for
provi di ng head dependent pitch. In this case, each surface has a different
track density, according to the track width of the next head. The use of a
pitch to match each head al | ows nork mgthiosdufPgserbing Genvoapadterpsoini ty.
Then each head defines the Vi e t{al: : LNg the
wi dest head for the maxi %urﬁi%c%ogggg%ga?gsggggﬁdrﬁlﬁ %Bﬁp@f:.si‘ﬁbe’f:ﬁé

steps of:

anpon

writing servo information on a data storage

media at a first crash stop;

. moving offset from said last written servo
information and detecting said written servo
information until said detected servo signal -

equals :a predetermined value;

i
writing servo information on said data

storage media responsive to said detected servo

signal equal to said predetermined value; and

sequentially repeating said moving and
writing steps until a second crash stop is

reached.

2'. A method for writing servo patterns as
recited in claim 1 wherein said direct access
storage device includes a low bandwidth servo
system used for said servo information writing

steps.

3. A method for writing servo patterns as
recited in claim 1 wherein said servo

information writing steps include writing a

quad-burst servo amplitude pattern.



16 The averagi ng of burst positions to create a circunferential or angul ar
position reference allows the witing of servo tracks vmth

use of a clock head. Elimnating use of the clock head is Qm“ mﬂﬂwuuﬂ ﬂ"f
advancenment over known arrangenents. Typically a clock head*has Beem used
to overcone the circunferential timng synchronizing probl emon the-surface
of the disk. Using the notor drive or clock frequency nultiples allows
synchroni zation with the disk surface elimnaggng the need for a cl ock
head. Even though a clock head is not required, high bandw dth and high

burst density can be achieved. The use of the file clock and PLL_

synchroni zed motor drive commands allows accurate pl acenment of the servo
bursts circunferentially around-t he % Pg¥hodTher tikidice s5aVe PREREEREMS

allows a very high density.ef g ihsﬁignﬁel @R ﬂéfuaéﬁhtl’i’é”s%e '2&* ty

directly contributes to increasing the servo position sanple rate I C
i ncreases the avail abl e semidimgndwctotk track at said first crash stop

and wherein said servo information is written

over said clock track.

o emdee

5. A method for writing servo patterns as
recited in claim 4 wherein said step of moving
offset from said last wfitten.servo information
and detecting said written servo information
until said detected servo signal equals a
predetermined value further includes the steps
of dividing said written clock track at said

i first crash stop into odd and even clock portions
between said written servo information and
wherein said odd and even clock portions

alternately provide said detected servo signal.

6. A method for writing servo patterns as
recited in claim 5 further includes the steps of
writing a calibration pattern between each odd
and even clock pertions not previously written

with servo information.

7. A method for writing servo patterns as
recited in claim 6 further includes the steps of
reading back said servb information and said

‘calibration patterns to identify any offsets and
. rewriting said calibration patterns using said
identified offsets.



capabi lity. Hence the bandw dth is not linited by the number of—roetor—potes

or electrical drive cycles. The techni que for maintaining | L.
synchroni zation with the angul ar di sptacenent on the di ;skl IM]B&&@@U[I ﬂu“l
providing a stable index and an orderly spoke |ike sectior s OTly
the di sk surface. This enhances the control over sector! positioning on the
di sk surface and allows optimal arrangenent of the sectors for maxi num

t hroughput. It should be understood that for agtrack density 17 sel ected
either for all surfaces in common, or for each surface separately, it is
not necessary to maintain a constant track density across the radial band.

The pitch can be selectively varied by using an algorithmto selectively
vary the fraction of full anpli&ude & RgEhrd fo¥ sttidd nd Sefyp RgttREns as

actuator in the servo-wi tig +Qfd ﬁha&k.ai?ﬂss" (7 Roa (2] ggf_gggggd;ﬁgrsgef erring

now to FIGS. 4A, 4B, 4C and 4D, alternative sequentia erations of the
sel f servo ' servo amplitude pattern is written with a

complex .f.‘requency pattern.

9. A method for writing servo patterns as
recited in claim 3 wherein said quad-burst
servo amplitude pattern is written with four

types of offtrack positions separated in time.

10. A method for writing servo patterns as
recited in claim 9 wherein said predetermined
value corresponds to a seiected fraction of a

selected track pitch. ;

11. A method for writing servo patterns as
recited in claim 3 wherein said moving and
detecting steps include the steps of averaging
of burst positions to create a circumferential
position reference for writing subsequent servo

information.

12. A method for writing servo patterns as
recited in ¢laim 1 wherein said data storage '
media includes at least one disk surface and
wherein said moving and detecting steps include
the step of utilizing a crystal clock multiple
count and a motor drive index inpu.t for
maintaining an angular disk reference across a

radial band of the disk surface.



wr|t|ng file 10 are |IIustrate’de’ﬁ , Ierrentlng the bugsg

]
bl ock 322 of FIG 3. In FIG 4 ’mﬂﬂm’ peratlo h 19 EEAOCK
to not JHI
nd a

400 for a first case with burst
Counts of burst wite starts and stops ar® ihitialized a

count value for a full revolution is set at a bl ock 404. Next at a

deci sion bl ock 406, a nodul o count is conpared with a burst wite start.
When equal , the buffer pattern wite is startgg as indicated at a bl ock
408. O herwise or after starting the buffer pattern wite, then at a

deci sion block 410 a nodul o count is conpared with a burst wite stop. Wen
equal , the buffer pattern wite is stopped as indicated at a block 412. The
sequential operations are repedfed ﬁe@ﬂre-hpﬁgf@{) WHE it B8EYR BRBERTROEAS

until a conpleted revol ut LQRiisd _@Iﬁn(t;iﬁ,géﬁka,? a-eﬂﬁcgéi&ruﬂl&%( delbgslhen

the sequenti al operatlons continue to 41n HG 3. In FG 4B t he
sequenti al operations begistoxage Bevikedidciudes apiunalikyecofidata

nonsynchroni zed storage surfaces and wherein said steps are

sequentially repeated for each data storage

surface.

o e

14. A method for writing servo patterns as
recited in claim 2 wherein said direct access
storage device includes a plurality of data
storage surfaces and further includes the steps
of:

switzhing to a high bandwidth servo system;

and

duplicating said written servo information

onto others of said data storage surfaces.

15. A method for writing servo patterns as
recited in claim 3 wherein said step of writing
servo information on said data storage media
responsive to said detected servo signal equal
to said predetemined value further includes the

steps of:

incrementing a burst type of said quad-

burst servo amplitude pattern;

detecting and timing from said last written

servo information; and



trigéered burst wites that is subj—eet—t—e—gfeat—eT—nm'or speed vari atloiac

error. First it is determned if the head
rack
bloc

a decision block 420. If yes, then a
performed until [ e

t he sequential operations continue to bl ock 324 |n FI G 3. Qherw se, a new
burst is witten by first as indicated at a bl ock 424 to |l ock the PLL on to
previous track bursts, then to trigger the coywyer by threshold detection
of the start of the previous track burst at a block 426. -Wen a count equal
to the burst start separation Gertihs éﬁepghek.gﬁ{eﬁq;ea Hepkti©Bppd! ock 428,
then the new burst is witten at a block 430. The sequential operations are
repeated returning to bl ockesp@siveito tahpredetemmeddwmmenqrmenhs been
witten identified at a decision block 432. Then the sequential operations
continue to block 324 in FIG 3. In FIG 4C, the sequential operations
begin at a block 436 for a thirlbcask method dosywriting matrwy paddedns as

t.l’l ggered burst wites that cie'éjéjéeisn average

wherein said servo
information writing steps include writing a high
density quad-burst servo amplitude pattern
whereby high accuracy and high bandwidth
capability are enabled for the direct é.c}cess

storage device.

'17. A method for writing servo patterns as
recited in claim 3 wherein the direct access
storage device includes a plurality of disk

surfaces and further includes the steps of:

-reading said quad-burst servo pattern

written over said data storage media; and

writing a predetermined servo pattern to at
least one of the remaining disk surfaces to
duplicate written quad burst servo track
offsets.



burst start error. First it is de{—e%m~ﬁed—i~f~+ﬁe—head is force

OD stop at a decision block 438. nitial TMBhS&tHLJB%Q,kRe
is performed until closure is achl H!lm aHm ~at a'
t he sequential operations continue ﬁz FI G 3 new
burst is witten by first as indi cated at a block 442 to

previous track bursts, then to trigger the counter start by averagl ng burst
start detected threshold - 19 timngs atgg@ bl ock 444. Wien a count
equal to the burst start separation count is identified at a decision bl ock
446, then the new burst is witten at a block 448. The sequenti al
operations are repeated returning to block 442, until the |ast burst on t he
track has been written identifi8d af 8ehedeHveh B EERIsEDLe HAAPTHELNG
sequential operations continue to block 324 in FIG 3. In FIG 4D, the
sequential operations begin at a block 454 for a fourth case with
nonsynchr oni zed a housing;

a plurality of disk surfaces mounted in
said housing for simultaneous rotation about an

. N

axis;

a plurality of transducer heads mounted for
movement across said disk surfaces for reading

and writing information to said disk surfaces;

a control system for writing quad-burst
servo pattern over at least one disk surface;

said control system inciuding;

means for writing a first servo burst type
pattern on a first one of said disk surfaces at a

first crash stop;

means for moving offset from said last
written servo burst type pattern and for
detecting said written servo burst type pattern
until said detected servo signal equals a

predetermined value;

means for incrementing said servo burst
type pattern and for writing servo burst type
pattern responsive to said detected servo signal

equal to said predetermined value.



aver-éged triggered burst wites with, jpdex co‘r"rééﬁo\nt hat reduces average

burst start error and corrects for |ﬂ!ﬂ &”’Lm” Wt
N e s

bl ock 456. If yes, then an initial burst trackR wsite is

closure is achieved as indicated at a block 458 and then t

witten by first as indicated at a block 459 §¢ |ock the PLL on to previous

track bursts, then to trigger the counter start by averaging burst start

count equal to the burst start separation count is identified at a decision

bl ock 462, then the new burst 1w i €eAfaserve vouiktisen filgecagckeckted is

driver or PLL notor lock tine as tndicated at a en the

sequential operations arepadiieatredsr abanpligude pladterac0, until the | ast

it is determined if the head is forc t iﬁm@'ﬁi&d'
operations continue to block 324 in FIG 3. Oherw se, a E %‘m\ \ :
detected threshold timngs and track average tine at a block 444. Wen a
to update average track tig . reehi : - chi O d: pr esent

i c§2imcE vﬁ{hxt%.ﬁ Q%.:L@b{;ggegg%gs{:_ﬁép\%
burst on the track has been witten identified at a decision

20. A self servo writing file as recited
in claim 18 wherein saiq control system further
includes means for readi‘ll?g said qtiad-—burst servo
pattern written over said first disk surface
and for writing to at least some of the remaining
disk surfaces to duplicate said quad—Btirst servo

pattern written.

21. A sgelf servo writing file as recited
in claim 18 wherein said control system further i
includes means for reading said quad-burst servo
pattern written over said first disk surface
and for writing a servo pattern to at least one
of the remaining disk surfaces to duplicate

written quad-burst servo track offsets.

wta.



20 bl ock 468. Then the sequential _operations cont i nue td bI ock 324 in FIG

3 InFG 7, thereis shown a flow chart illustrating g n This aced
ENRRCERE ST

alternative self-servo witing nethod. Eraliny can’be acconplished by
turning on the head wite current wwth a DC data signal while slowly noving
t he head across the master disk surface. To manim ze the nunber of m ssed
spots that occur if the head noves too fast during erasing, repeated passes
over the disk can be made. By controlling the velocity such that the head

noves | ess than one head wi dth per disk revol ution, .erasing c Qvi ded
with a single pass. Constant v@%ZociAyneRe: fomWELtipg, F%%f%a}tbv"g%

sensing of ‘the actualor mhlafrdor dRIIdE Beorhye/abpLis Conhrrshpnte | arge
percent age of the disk surface Is erased, for exanple, such as nore than

90% then th| s self- servoswepmcng met hod can be perforned.

writing a clock track on a data storage
media at a first crash stop, ]
writing servo information over said clock

track periodically around sdid clock track;

moving offset from said last written clock
burst and detecting said last written clock
burst until said detected signal equals a
predetermined value; ;

writing clock burst and servo information
on said data sto.rage media responsive to said d-
etected signal equal to said predetermined

value; and

sequentially repeating said moving and
writing steps until a second crash stop is

reached.

23. A method for writing servo patterns as
recited in claim 22 wherein said servo
information writing steps include writing a
selected servo pattern, said selected servo
pattern includes one of phase aligned servo
patterns and amplitude servo patterns whereby

the method for writing servo patterns is not

dependent on any particular servo pattern.



Next~ a clock track is witten at one of the crash stops—-such as_the 1D
crash stop as indicated at a block 704 A stahle ¢lock ce such as a
crystal clock, is used to wite a required nunber of cl e d
using a single head at the block mmmﬂﬂ“wﬁm trac t he
nunber of clocks actually wrltten nis:- an

i ndex mark encoded in the clock dat'a to det@érnine when to start and stop
counting. Wen the disk is rotating at 21 tﬁe proper speed, the required
-nunber of clocks (N) are witten on the disk anid clock witing is conplete.

Q herwi se, repeated clock witing trials and tests are nade until exactly N
clocks are witten to the disk. Since the clock source is fixed in

frequency, only the di sk speed #4-vahinRathes foacHreéEdRe SRTY? Rpttaxns @fti |
t he correct nunber of N clp%(f é&e;ﬂ‘”d %&WZZ%?%I%elﬁflzﬁqh é Qilgr g@gbogfare

witten over the clock trac perlodlc aroun e trac
erasing the c_lata storage media before the step of

writing said clock track, whereby said data
storage media is substantially erased in the
disk file and the requirement for pre-erased

digks is eliminated.

25. A method for writing servo patterns as
recited in claim 22 further includes the step of
wri;ting a calibration pattern between clock
bursts not previously written with servo

information.

26. A method for writing servo patterns as
recited in claim 25 further includes the step of

rewriting said calibration patterns.

27. A method for writing servo patterns as
recited in. claim 26 wherein said step of
rewriting said calibration patterns includes the
steps of reading back adjacent servo and
calibration patterns, identifying the spacing
difference between the servo and calibration
patterns, calculating an average value of all
identified differences, subtracting said average
value from each identified spacing difference
aﬁd storing an offset table, and using said
offset table for rewriting said calibration

patterns.



indicated at a block 706. Then each cl ock burst between the servo
i.Aformation bursts are divided into two halves, naming the first half the
odd cl ock burst and the second half the éven clock burst as indicated at a
bl ock 708. Next as indicated at a bl.ack 710, the head is noved using the
odd clock track signal anplitude as a servo signal, until the anplitude
drops to a predeterm ned value T1, for exanple, such as 60%as indicated in
a decision block 712. Then even cl ock burgt and servo information are
witten for this head position while ser@ i ng and synchroni zing the system
timng off the odd clock burst on the previous track as indicated at a

bl ock 714. At block 714, the servo information is witten aligned in tinme

with the servo burst on the prey QUSERVACWRITENG HiBg ndi cated at a bl ock
716, the head is noved using the even cl ocfltrack signal anplitude as a

servo signal until the anplitude drops to the predeterm ned value T1, as

indicated in a deci sion
' ABSTRACT

A self servo writing file and method for writing servo patterns in a direct access
storage device are provided. First servo information is written on a data storage media
at a first crash stop. The transducer heads (28) are moved offset from the written servo
information while reading the last written servo information until the detected servo
signal equals a predetermined value. Then servo information is written on the data
storage media (20) responsive to the detected servo signal equal to the predetermined
value. The moving and writing steps are sequentially repeating until a second crash stop
is reached. A quad-burst servo amplitude pattern or phase pattern can be used for th'e
servo information. The servo writing method is adapted easily for many different servo
options. When the file uses a hybrid servo or sector servo, the other surfaces can be

written by duplicating the servo bursts with a high bandwidth servo system of the file.

Fig. 3



75 CLAI MB 1. A nmethod for witing servo patterns in a direct access
" storage -device including at | east one data storage nedia nounted for
" rotation by a drive notor and an actuator for noving transducer neans
relative to the data storage nedia for reading and witing data to the data
storage nedi a, said rmethod conprising the steps of: rotating said data
storage nedi a using the drive notor; upyfig said transducer neans, witing
servo i.nformation ongthe data storage nedia at a first portion of the data
storage medi,a usj ng i ming information devel oped w thout requiring the use
A a cgf@‘c?k%ﬂrérfquk_;j:us@g s§i d actyator and transducer meangz noving of f set
from sai d”‘"'[oﬁfgt“wri tt avo | p™rnation qﬁr_ld detecting s®& witten servo
;'?"agi'nforr-ration\,un _ = eryo sigpal equals a pré&igfernined val ue;
L 'devel opi ng tinfE&g i aid | a§t witten serwoa nformation;
usi ng said $raffEduce serv@gi nformati on on i d data st orage
medi a r espoNsiNE &0 S Hr vo signal equal to sé\i d predeterm ned
devel gged fromsaid | gst wrig-t en servo
o of &cl ock track; an entially
m ng i nf or mattom—fron witten
wtil a second portiorn Of tYWe data

i nformation wilE@Bre
repeating said [

servo i nf &¥rat

quig,i g
déelg '

st orage a pd. for witing sery, ons as
‘recited | | & ct access storage dgVi i p€l udes a | ow
bandwi dt h [Zer ser v¥2i nf or marTo /
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witing steps. 3. A nmethod for witing servo patterns as recited in claim
1 wherein said servo information witing steps include witing a quad-burst
servo anplitude pattern. 23 servo or hybrid servo files, the servo

i nformati on and cl ock informati on between servo bursts can be witten on
the other surfaces. Referring nowto FIG 8, there is shown a flow chart
Illustrating sequential steps for read ?ﬂ k of the calibration patterns and
rewriting the calibration patterns at bl'oCks 726-732 of FIG 7. The
sequential operations begin at a firsfFJ€a& as indicated at a bl ock 802.
Then servo information or servo pattern is read as indicated at a bl ock
804 to determine an average for the track. Next the calibration patterns
for that tra éﬁﬁéﬁa éggkfated at a block 806 to determ ne an average
calibration €a| ug. e d':jf ce between the calibration and servo pattern

averages is recordid as indicated at a block 808. Unless the last track

START FILE | 302 ' 1
WITH ACTUATOR ; 318
MEASURE AMP |
AT 1D STOP ON REF HEAD
l CALC AND SAVE
RATIO AS T
MOVE 304
ACTUATOR |~ I
TO 0D SToP . MOVE AGAINST . 320
! - 0D STOP -
LOAD PATTERN A
BURST WRITE 3os - _
PATTERN A —/ 1
WITH ALL HEADS , o
| ' BURST WRITE 322
| 308 TRACK WITH
v I . REF/HEAD WITH
: . CORRESPONDING
OF EACH HEAD |
PATTERN TIMING |
AND SAVE 330
ilz )
INCREMENT
MOVE ACTUATOR | BUFFER PATTERN
“UNTIL HEAD 1
= ACB,D,.......
RATIO=S
- 324) l 'y
3/0 '
MEASURE AND SAVE
OFFSET NO ON TRACK
MEASUREMENTS | AMPLITUDES
MADE 328
2 Z
MOVE
314 ACTUATOR
SAVE NO.OF |~ | UNTIL RATIO=T
HEAD WITH
MAX RATIO 326
IS
REF HEAD
MOVE SO MAX 376 AT 1D STOP
RATIO HEAD HAS >
RATIO=S -

( eno )




Is identified at a decision block 810, then the sequential operation
continues with a next adjacent track as indicated at a block 812. After al
the servo and calibration patterns fromthe |last track have been read and
the differences recorded, then an average value of all recorded differences
I's calculated as indicated at a block 814. Then the identified average
value is subtracted from each recordedgySfference to store the offset table
as indicated at a blggﬁjflg#%Then the calibration patt er Ie| e4ﬂgwwitten,
using the stored off ‘a for position correction adjustnents, as

I ndicated at a block 818. The sequential steps at bl ocks 802-818, -
t he di sk

i ncl usi ve, then can_hb ated to achi eve the naste
file. 24 Wi |6 BORST'WRITE Oy h een descri bed e :
details of the i\l | ust ,'éih#i t hese det ail¥§ :éyq()

limt the scope O

INITIALIZE COUNT OF BURST

WRITE
STARTS AND STOPS FORCED AGAINST
; OD STOP

SET COUNT VALUE

FOR | Yo, D

A FULL REVOLUTION LOCK PLL ON TO PREVIOUS
ls04 TRACK BURSTS

w06 a2y e

DOES

TRIGGER COUNTER
MODULO COUNT ~ ves BY THRESHOLD DETECTION
EQUAL BURST WRITE 408 RSO o ThE
STgRT { - PREVIOUS
7 START TRACK BURST

NO BUFFER
PATTERN
WRITE

]

BURST START
SEPARATION

COUNT

470

DOES
MODULO COUNT
EQUAL BURST WRITE
STOP
’

YES
q72
2

WRITE A NEW BURST

START

BUFFER
PATTERN 432
WRITE HAS THE 2
YES LAST BURST
J ON TRACK BEEN

WRITTEN
?

" HAS THE
REVOLUTION BEEN
COMPLETED
2

NO

INITIAL BURST TRACK WRITE
| - WRITE UNTIL -
CLOSURE ACHIEVED

(CONTINUE TO 324) L~ CONTINUE TO 324 )

a2z




Wrat i § clainmed and desired to be secured by Letters Patent of the United
States is: 28 13. A method for witing servo patterns as recited in
claiml1l wherein said direct access storage device includes a plurality of
data storage surfaces and wherein said steps are sequentially repeated for
each data storage surface. 14. A nmethod for witing servo patterns as
recited in claim2 wherein said direct accgzg st orage device includes a
plurality of data storage sy ur r includes the siep

swi tching to Imgh Egndwi £t 'BURSYOWBYEE &1 and RIEG.i 43Di ng
servo i nfornati 'o% ofth&rs oSTA®RT dathA storage surfacep.\15. SYART hod
for witing servo patterk ecTt=XATIT clfaim 3 wherein s/ d 50
writing servo inforng R _sai d daf"gsstorage medi a regpons™eg to S8 5
“detected servo sigr

g~sai d predeterm ned vz THE HeD ™Ncl udes
the steps of: : kPe of said aﬁoﬁ;ﬁ ABAINST M VEBude
pattern; detect ' nt 1 f

€n servP inforMgil on ds-r
predetermned tifms O?é\@lop sai d
| ast witten servo i

¥On; and writihg said increhwspteg

responsive to a predeterffiyged ti W;?ncremﬁnt. 16. A et hod wri/tryﬁg
servo patt g~hRs—s o648l —tit—al-a-m Mer ¢i N Se-e-ser-v-o
LOCK PLL ON TO PREVIOUS LOCK PLL ON TO PREVIOUS
TRACK BURSTS TRACK BURSTS
= , woy  —
TRIGGER COUNTER START TRIGGER COUNTER START
BY AVERAGING BURST ' _ BY AVERAGING BURST
_ START . START DETECTED THRESHOLD
DETECTED THRESHOLD TIMINGS AND
TIMINGS TRACK AVERAGE TIME
BURST START BURST START

SEPARATION
cogm

SEPARATION
COL%NT

46‘4) _

WRITE A NEW BURST ' WRITE A NEW BURST
Y
. UPDATE AVERAGE
TRACK TIME CORRECTION
8Y THE DIFFERENCE TO

THE PRESENT DRIVER OR
PLL MOTOR LOCK TIME

HAS THE
YES . LAST BURST
‘ ON TRACK BEEN
WRITTEN

440 e 468
INITIAL BURST TRACK WRITE RAS THE
i STTRACK WRITE| | o LAST BURST NO
WRITE UNTIL ON TRACK BEEN
CLOSURE ACHIEVED WRITTEN

——-Cconrlﬁue T0 324 )

INITIAL BURST TRACK WRITE
| S WRITE UNTIL e—
CLOSURE ACHIEVED

——«{ CONTINUE TO 324)




.
inforfation witing steps include witing a high density quad-burst servo
anplitude pattern whereby high accuracy and hi gh bandwi dth capability are
enabl ed for the direct access storage device wi thout requiring the use of a-
clock track. 17. A nmethod for witing servo patterns as recited in claim3
wherein the direct access storage device includes a plurality of disk
surfaces and further includes the steps ®fs reading said quig-gurst servo
pattern witten over FJ(g ddta storage media; and witing e8er i ned
servo pattern to at |east one of the remaining disk surfaces to duplicate
witten quad b ET VO > of fsets. 18. A self s | NGt
conprising: a J;{gl?l\/Epgg'SHEET 29 QP AT BT TRk ces
néou ;

mounted in said housing fer sinulté S rotati
nt a

plurality fof tr e at ed fgqr nove [ C ;
sur faces flor reiﬁ%gggahﬂggﬁgﬁﬁﬁg&&%for tion t¢ said disk SURESS: a
- control systemfor witi uad- bur st _se¥@¥ pafft er n jover sgryeE AT TRRN di SH
surface; dai t ' | & | 1l igieye Jneans fesponsd o ]
ce:  SBWRPPEICGOCRYMASK AF![¢istp jeans | esp -y
rotating sidedi SiZSir acpa—loi—cou g%élrnr@pf formation

) \ . READ
BURST WRITE SERVO INFO MOVE CALIBRATION PATTERN
OVER CLOCK TRACK T0
NEXT ¥
y
' TRACK RECORD
DIVIDE CLOCK BURST T | DIFFERENCE BETWEEN
ODD AND EVEN 812 | CALIBRATION AND SERVO
708" Vo | PATTERN AVERAGES
y _
MOVE HEAD MEASURE AMP
FROM ODD
L
7I2— 7 ’fw
; CALCULATE
YES Ve OF ALL
WRITE EVEN BURST AND SERVO | RECORDED ':'FFERENCES
776y F o8 | SUBTRACT
MOVE HEAD MEASURE AMP AVERAGE FROM EACH
OvE FRgM EVEN RECORDED DIFFERENCE
~ |(STORE AS OFFSET TABLE)
718 ¥
¢ - 8i8 | REWRITE
720 CALIBRATION PATTERN
Yes [ OFFSET FROM
WRITE ODD _BURST EACH SERVO POSITION
722
AT 0D sTop N0 728, ¢
724 Z STORE IN OFFSET TABLE
WRITE _ No 730
CALIBRATION PATTERNS @
726 3 F YES
READ BACK A REWRITE
CALIBRATION PATTERNS | 732 | CALIBRATION PATTERNS




fr-st—ome-of—353i d

RLAGEMEN TSAEFT |

_means for witing a first servo burst type pattern on
di sk surfaces at a first portion of the data storage
timng informati on devel oped wi thout requiring the use 6f a clock tradk;
means for moving offset fromsaid last witten servo bufstl 4B 1988 eqnf and
for detecting said witten servo burst type pattern unfil s‘érﬂf,deiweﬁerd
servo signal equals a predeterm ned val ue; greans for d ¥, $J
information fromsaid last witten servo information; _
increnmenting said servo burst type pattern and for witing servo burst type
pattern respon%‘?‘g?dt%‘d tigised; use 1of dhes haag/disk; ogpabilitis 4% MPPPVCY; and to provide an
predeterm ned yal ue usi sai d..tiging.infornmation devel gped from sai d, | ast
witten servo WY%FF;%"W VAU Hi"éﬁ'ﬂi’?’r%‘sphéf"t&% Wod%mntwgmmﬂﬂ. A
self servo wi f; f b5 féﬁﬂ'&dﬁgli ' . | ' s for
witing said qh’g - tt?lféét?wggtr‘ VO pa éroﬂexiﬁé]%, %@d‘wn@gﬁﬁg?%ﬁﬁﬁ@%&femn
anplitude pattern. AdQrding\ub 8hd aspREtVdt M biekdtl iy f?mfc i | nggﬁ.; 8
wherein said control sy“s@em_further i&rﬁlécpteges_lémegﬁos_ ore’ré adi nééinaéal a'hot
quad- bur st ser weitingséres patierns inediRviccdd§ btbraize Bevicetthaltidifg it 18G€ o \dhtd Stbrage
writing a predeterm ned servo pattern to at |east sonme of the renaining

di sk surfaces medidupringest for satation)bych- trives mowe rand apadctuaton for maving. tfsductr

met hod for witing servo patterns in a direct access storage device

i ncl udi ng at | @EaAS 1slative)ter the data siggge medissfontrading and griting dataito thepdatastarage e
motor and an ametlﬁaCt a’t soarid ];n%ﬁwd comprising the steps of: rotating said data storage media using the

drive‘motor; using said transducer means, writing servo information on the data storage
media at a first portion of the data storage media using timing information developed
without requiring the use of a clock' track; using said actuator and transducer means,
moving offset from said last written servo information and detecting said written servo
informatton umtil said detected servo signal equals a predetermined value; developing
timing information from said last written servo infocmation; using said transducer
means, writing servo information on said data storage media responsive to said detected
servo signal equal to said predetermined value using said timing information developed
from said last written servo information without requiring the use of a clock track; and
sequentially repeating said moving, developing timing information from said last written
servo information and writing steps until a second portion of the data storage media is
reached. ' | |
According to another aspect of the present invention there is provided a self servo
writing file comprising: a housing; a plurality of disk surfaces mounted in said housing
for simultaneous rotation about an axis; a plurality of transducer heads mounted for
movement across said disk surfaces for reading and writing information to said disk
surfaces; a control 'éystem for writing qﬁad—burst servo pattern over at least one disk
surface; sald control system including; means responsive t a motor rotating said disk
surfaces for developing timing information; means for writing a first servo burst type
pattern on a first one of said disk surfac:s' at'a firstpomoanthe data storage media



30 noving transducer neans relative to the data stora
*and witing data to the data storage nedia, said net hQRECONPE
initialising a plurality of predefined count
val ues including nultiple count values for burst wit
a conplete revolution count value; rotating said data
the drive notor; developing timng informgion includi
conparing said timng count value with said ini

st eps of:

val ue;

orage nedi-a.
M ng countl

predefined count val ues and when said timng count value is equal to a
burst write susing saiduiming cinfoemation dévelpped withoutrfeguiring ithan veen of: adelock tradk;age -
- media at a first portion of the data storage nmedia using said timng .

i nformat i on aReANstfenmEKES ffset fEoum arid last wrjtebseryo Russt fyps fattern and fop deleqting s ¢

hi d i ng. ol R, 80e BRGEed el mall, it SRR ber Sl el

novi ng of f set t I t s I iRk 'Qﬁbnaﬂpmd ] b Qsal
witten servopl n ornat(ﬁjgéllﬁ?jn?%*sfgfge%g{pé%tgﬂjngervo sl gha e%%* g%téﬂ
predet er m nedseydd Uffornshtion] @l Ritads fOr ficrbRéMingtshidoRro BitssS §ipel paitérn Md fdren
servo information; witing servo information on said data storage nedia
responsi ve t owsitihgl selet cdutst dypeepatierss regparisive qol aaid tdatestad deqyo estipnab equah ¢l said| ue
using said timng information devel oped fromsaid last witten servo

i nformat i on; predetensjued-valuel usingrsaiddiming infermatiomdaveloped fromesnidjas gyritienisenyo
information fromsaid [ast witten servo information and witing steps

until a seconiifqsertion withourrequiting the ¥peRfALdockdCE | s reached.

According to still another aspect of the'present invention there is provided a
method for writing servo patterns in 2 direct access storage device including at least one
data storage media mounted for rotation by a drive motor and an actuator for moving
transducer means relative to the data storage media for reading and writing data to the
data storage media, said method comprising the steps of: initiaiising a plurality of
predefined count values, said count values including muitiple count values for burst write
starts and stops and a complete revolution count value; rotating said data storage media
using the drive motor; developing timing information including a timing count value;
comparing said timing count value with said initialised plurality of predefined count
values and when said timing count value is equal to a burst write start count valve,
writing servo information on a data storage media at a first portion of the data storage
media using said timing information and stopping when said timing count value is equal
10 a burst write stop count value and repeating said servo information writing until said
timing count value is equal to said complete revolution count value; moving offset from
said last written servo information and detecting said written servo information until said
detected servo signal equals a predetermined value; developing timing information from
said last written servo information; writing servo information on said data storage media
responsive 1o said detected servo signal equal to said predetermined value using said

timing information developed from said last written servo information; and sequentially
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22. .A nethod for witing servo patterns in a direct access storage.device

“conprising the steps of: (a) witing a clock track a s[tgrl;agei medi a
at a first portion of said data storage nedia; (b) W i “aﬁ‘}geéﬁ—v&‘“ﬁ i

information on said data storage nedia at said firs ti E Sreijbsaid
servo information is witten over said clock track; iﬁ? "Vi di mg the

witten clock track into odd and even clogk portionibetween _t i-tten
servo information; (d) noving offset fromsaid wittlen clock track and
detecting said witten clock track until a detected rgnal provi ded
by said odd atpeating caili movingy aeecloping eitsiage informetion afroit; saide JastVvritiend séto even
clock burst on said data storage nedia responsive to said detected servo

si gnal equal information apd exritingrseeps vutilvassecandi portion\of the datacstoragh media Js reachedi ng
offset fromthe last witten even clock burst and detecting said |ast
witten even cl odyecording: to,sill |anpthero aspeetcof the Rreseny invention, thered ésd prayidedi o

odd ol ock. buritiefoe Jefing e s dn B AiFS oFisSh et 0 kg e ceR
e oo 1 ke S U Al BP0 B il

storage media; (b) writing servo information on said data storage media at said first
portion, wherein said servo information is written over said clock track; (c) dividing the
written clock track into odd and even clock portion between the written servo
information; (d) moving offset from said written clock track and detecting said written
clock track until a detected servo signal provided by said odd clock portion equals a
predetermined value; () writing an even clock burst on said data storage media
responsive to said detected servo signal equal to said predetermined value in moving step
(d); (f) moving offset from the last written even clock burst and detecting said last
wtitten even clock burst until a detected servo signal provided by said last written even
clock burst equals a predetermined value; (g) writing an odd clock burst on said data
storage media responsive to said detected servo signal equal to said predetermined value
in moving step (f); (h) moving offset from the last written odd clock burst and detecting
said last written odd clock burst until a detected servo signal provided by said last
written odd clock burst equals a predetermined value; (i) writing an even clock burst on
said data storage media responsive to said detected servo signal equal to said
predetermined value in moving step (h), one oi:‘ said writing stcps {g) and () including
the step of writing servo information; (j) sequentially repeating said moving and writing
steps (f), (g), (h) and (i) ixntil a second portion of said dara storage media is reached; and
(k) writing a calibration pattern between odd and even clock bursts not previously
written with said servo information, including the step of using said servo information
for positioning.

According ro still another aspect of the present invention there is provided a
method for writing servo patterns in a direct access storage device comprising the steps



written odd clock burst until a detected servo signal
-witten odd cl ock burst equal s"a predeterm ned val[ug,

' by——e?ai d | ast
MENFiSHEEY {an even
cl ock burst on said data storage nedi a responsive it

‘servo

signal equal to said predeterm ned value in noving §tgp of: said
witing steps (g) and (i) including the step of w} iﬂg1 mégjﬂﬁfér‘n&tion;
(1) sequentially repeating said noving and witi ste ~—£g);, (h)
and (i) until a second portion of said dat ﬁbstorag medi a i S_reached; and
(k) witing a calibration pattern between odd and crock bursts not
previous! y w8t () WridigSa iock %ot oh ' @i Rbtad melifil MCd Best poRicR! GiPaf aitz’ N
said servo information for positioning. 23. nmethod for witing servo

patterns as restorage miediag K)i wrifidy etvd Rformation WuaSsaididlodd eick périodizalty BgubdCk
said servo information and said calibration patterns to identify any

of fsets and r esaid cloelgtrack; dembying affses from said clock tra¢knapdsdetedtingl eaid icfock drack

of fsets. 24. A nethod for ,writin‘ﬁ servo patterns in a direct access storage
devi ce conpri s at%é“éﬁ"e‘fi&"‘éfp.m dedzby #aid clppk frackyequals) 4 predeternmined, walve; o) a
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track; to said predetermined value in moving step (c); (e) moving offset from the last written

clock burst and detecting said last written clock burst until a detected signal provided by
-said last written clock burst equals a predetermined value; (f) writing a clock burst and
servo information on said data storage media responsive to said detected signal equal to
said predetermined value in moving step (e); (g) sequeﬁtially repeating said moving and
writing steps (¢) and (f) until a second portion of said data storage media is reached; and
(h) writing a calibration pattern between said clock bursts not previously written with:

said servo information, including the step of using said servo information for
i

positioning.

According to yet another aspect of the present invention there is provided a method
for writing servo patterns in a direct access storage device comprising the steps of: (‘a)
writing a clock track on a data storape media at a first portion of said data storage
media; (b) writing servo information over said clock track periodically around said clock
track; (c) moving offset from said clock track and detecting said clock track until a
detected signal provided by said clock track equals a predetermined value; (d) writing a
clock burst on said data storage media responsive to said detected signal equal to said
pre@etermined value in moving step (c); (¢) moving offset from the last written clock
burst and detecting said last written clock burst until a detected signal provided by safd
last written clock burst equals a predetermined value; (f) writing a clock burst and servo
information on said data storage media responsive to said detected signal equal to said
predetermined value in moving step (¢); (g) sequentially repeating said movixié and
writing steps (€) and (f) until a second potion of said data storage media is reached; (h)

writing a calibration patter between clock bursts not previously written with servo



(c) noving offset fromsaid clock track and det egti-hg - track
“until a detected signal provided by said clock trprEPIMPEMENTSHEEdet er mi ned
value; (d) witing a clock burst on said data stof &€& nedi a respqgnisi ve to
sai d detected signal equal to said predeternined jal de{iFEBd988o |step (c);
(e) nmoving offset fromthe last witten clock burptt and detectind said | ast
written clock burst until a detected signal provi ' ijitten
cl ock burst equals a predeterm ned val ue;6°(f) wriling a clock burst and
servo information on said data storage nedia responsive to said detected
signal equal iriférnfafiof; RIADSeRFiIThRSM caldl4i8n pitefi? i 56 st bf reluiting said
sequentially repeating said noving and witing steps (e) and (f) until a
second port i calibrdtionapatterint inclatesr the cstape bf aedding’ bk fhcem drvonind valitritive, &
calibration pattern between said clock bursts not previously witten with
sai d servo i Bttsrsatidentifying theuspacing difference petwken thersgrvoaind calibration patemst i on
vo patterns as recited in

E?’i; ﬁ??gt wnerHrHeEs wAast‘?%s_E"v%wF?#nﬁ%h%{tiﬁ% diferigeds; Bt Sk e,
1 aned ser viOBEaRh Hebugafufong difdEts 35 KSuRP Gied: [ 486 Soife Sl o o
writing servgpﬁ%} %ﬁftﬂg%aﬂ%ﬁﬁ%&f@?ﬁfnspn any particul ar servo pattern.

26. A nethod tor witing servo patt S as recited in claim?24, further

i ncl udes the step of erasINIEFDESCREPTION OFTHEDRAWE(GSEe t he step of

witing said clock track, whereby said data storage nedia is substantially
erased in the diFhe present dnvbntitee together withethd alove and atieet aobjedtsdamikaivastages

el i m nat ed. _
may 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 simplified vertical sectional view of a rigid magnetic
disk driire unit embodying the present invention;,

FIG. 2 is a top plaﬁ view of the structure shown in FIG. 1;

FIG. 3 is a flow chart illustrating sequential operations of the self servo writing file
of the invention;

FIGS. 4A, 4B, 4C and 4D are flow charts illustrating alternative sequential
operations of the self servo writing file of the invention;

FIG. 5 illustrates a quad burst servo pattern for the self servo writing file of the

invention;



27. .A nethod for witing servo patterns as recited in | er

“i ncl udes the step of Tewiting said calibration pat ﬁéﬁ@cm\mﬁﬂfﬁfﬂod for
witing serve patterns ss storage d pr1si ng it he
steps of: (a) witing Hlnlgmm[mgmnﬁma data storapg ? EEmR1983 f i r!st
portion of said data sterage nmedi as (b) witing seryq in OI‘ITB.tIOI‘] agver said
clock track periodically around said clock,track; (¢)
said clock track and detecting said clock track untll a det ect ed SJ—g-F]a|
provi ded by said clock track equals a predeterm ned Value; (d) witing a
clock burst on said data storage nedi a GIsyMei ve to said detected signal
equal to said predetermned value in noving step (c¢); (e) noving offset
fromthe |ast lwi éwethod Gorkwriting servon gattbotscin taj ditpcisaccess [stosagevdevice duciuding: ht

burst until a,detected signal provided by said Iast written clock burst
equal s a predé’taé ?ﬂ"n‘g‘&‘ %ﬁ%m"?"f’)mWHM foR gotatiom kyck Btﬁg?wﬁﬁadééﬂ@awf f°1‘

I nfornmation on, M&d‘{ﬂ&&‘ﬁﬁg‘%&%‘awedb%?ﬁg fagg%? f&?l d det ted SI

equal to said predeterm ned value Ih
repeating sai g fHe\dafaSestast MEdid,| AR ,g&poﬁ@} shptil a second potlon
of said data storage rre%éa 'S reac‘ﬁé ¢ mﬁ?tl ng a calibration pattern
bet ween cl ock bur aitstingGhidiativiterdge inedis uih@the Givémotor;

using said transducer means, writing servo information on the data storage media

at a first portion of the data storage media using timing information developed without
requiring the use of a clock track;

using said actuator and transducer means, moving offset from said last written
servo _information and detecting said written servo information until said detected servo
signal equals a predetermined value;

. developing timing information from said Iast written servo information;

using said transducer means, writing servo information on said data storage media
responsive to said detected servo signal equal to said predetermined value using said
timing information developed from said last written servo information withont requlnng
the use of a clock track; and

sequentially repeating said moving, ‘dcveloping timing information from said last
wriften servo information and writing steps until a second portion of the data storage
media is reached. |
2. A method for writing servo patterns as recited in claim 1 wherein said direct access
storage device includes a low bandwidth servo system used for said servo information
writing steps.
3. A method for writing servo patierns as recited in claim 1 wherein said servo

information writing steps include writing a quad-burst servo amplitude pattern.



servo information; and (i) rewliting said calibrati S\ﬂﬁﬁrqei n

- said step of rewitin said calibration patterns i ndl St eps| of
readi ng back adj acent Tm"jtﬂuﬂlmjﬂm’uﬂl tion pattern egtr\:l fR19a ¢ he
spacing difference bet d calibration patterns. cal cdl: at| ng

an average val ue of all dentif1ed di'fferences, subt
val ue fromeach identifi ed spacing differgnhce and st
and using said offset table for rewiting said calib N patterns.
19. A self servo witing file as recited in claim18 wherein said
quad- bur st serdo Aafethodifor writing serpd patiects apadcitet in.cladfl.1 wheseih faid direcr accdss i ng
file as recited in claim18 wherein said control systemfurther includes
means for reatiomge device ipohudesoa phirality rof dajasstaregensupfacestand whessin saidostgpsrare

di sk surface and for witing to at |east some of the remaining disk
surfaces to oﬁ?ﬁ!‘ql’é'a wrepaated g\E fi@rﬂ!‘&fa‘i?attern witten. 21. A self

fs 3; Yﬁe\er ti 9 .I lf mefhod%r gng Qer% f)iz{t@m% as Yecited " in'Clat I2 wﬁe%gn gid dslr\ééttaccess

storage device includes a plurality of data storage surfaces and further includes the steps
of:

switching to a high bandwidth servo system; and

duplicating said written servo information onto others of said data storage surfaces.
15. A method for writing servo patterns as recited in claim 3 wherein said step of
writing servo information on said data storage media responsive to said detected servo
signal equal to said predetermined value further includes the steps of:

incrementing a burst type of said quad-burst servo amplitude pattern;

detecting said last written servo information and identifying a predetermined time
increment using timing information developed from said last written servo information;
and

writing said incremented burst type responsive to a predetermined time increment.
16. A method for writing servo patterns as recited in claim 1 wherein said servo
information writing steps include writing a high density quad-burst servo amplitude
pattern whereby high accuracy and high bandwidth capability axe enabled for the direct
access storage device without requiring the use of a clock track. '
17. A method for writing servo patterns as recited in claim 3 wherein the direct access
storage device includes a plurality of disk surfaces and further includes the steps of:

reading said quad-burst servo pattern written over said data storage media; and

writing a predetermined servo pattern to at least one of the remaining disk surfaces
to duplicate written quad burst servo track offsets.
18. A self servo writing file comprising:

a housing;



vier said

QT N

i ncl udes neans for reading said quad-burst servo pp

“first disk surface andfor—witing a servo pattern

remai ni ng di sk surfaces to duplicate witten quad-p
of f sets. 32 22. A ’)m Lﬁ H g servo patterns_in a directl hccess
storage device conpri A O witing a ¢lock track on a fata

storage nedia at a first crash stop; witi n%'g servo TTrformation over said
clock track periodically around said cl ock®® rack; novi ng of fset from said
| ast witten clock burst and detecting said |last witten clock burst until

Servo. i nfor mati on QLAY o ek SRRE BTGl aitioling R shltindons Sl fouf 0
signal equal tanagijd predeterm ned

a plurality of transducer heads mounted for movement across said disk surfaces for
reading and writing information to said disk surfaces;

a control system for writing quad-burst sexvo pattern over at least one disk surface;
said control system including; _

means responsive to a motor rotating said disk surfaces for deveioping timing
information;

means for writing a first servo burst type pattern on a first one of said disk
surfaces at a first portion of the data storage media using said timing information
developed without requiring the use of a clock track;

means for moving offset from said last written servo burst type pattern and for
detecting said written servo burst type pattern until said detected servo signal equals a
predetermined value;

means for developing timing information from said last written servo information;
and |

means for incrementing said servo burst type pattern and for writing servo burst
type pattern responsive to said detected servo signal equal w said predetermined value
using said timing information developed from said last written servo information without
requiring the use of a clock track. |
19. A self servo writing file as recited in claim 18 wherein said means for writing said
quad-burst servo pattern includes means for writing an amplitude pattern.
20. A self servo writing file as recited in claim 18 wherein said control system further
includes means for reading said quad-burst servo pattern written over said first disk
surface and for writing a predetermined servo pattern to at least some of the remaining
disk surfaces to duplicate said quad-burst servo patrern written.
21. A method for writing servo patterns in a direct access storage device including at

least one dara storage media mounted for rotation by a drive motor and an actuaror for



val ue; and sequern_l_aJ_Igz_L&pﬁa id moving and writing ste
»second crash stop is reached. 23. A nethod for wi S rgqm@t&e ns as

wiling a sel octed ﬂMﬂﬂlLNﬂﬂlﬂUﬂﬁLYﬁ el octod S rw“a Ppd g;m des one
pdil _

of phase aligned servo paltetns afd anplitude serv
nmet hod for witing servo patterns is not endent{ qn any af servo

r‘rTs“é'é"rQ'ém ted ih claim
ra before the

pattern. 33 24. A nmethod for witing servo patt

22 further includes the step of erasing the data s

step of writi Rghvigy Radt&eK mehMCielativd &) BP Yard 3ioPagt FeiaSloP taadde TRd vriting data
substantially erased in the disk file and the requirenment for pre- erased
di sks is el i mtngteatita storage media, said method comprising the steps of:

initialising a plurality of predefined count values, said count values including
multiple count values for burst write starts and stops and a complete revolution count
value; _

rotating said data storage media using the drive motor;

developing timing information including a timing count value;

comparing said timing count value with said initialised plurality of predefined
count values and when said timing count value is equal to a burst write start count value,
writing servo information on a data storage media at a first portion of the data storage
media using said timing information and stopping when said timing count value is equal
to a burst write stop count value and repeating said servo information writing until said
timing count value is equal to said complete revolution connt value;

moving offset from said last written servo information and detecting said written
servo information until said detected servo signal equals a predetermined value;

developing timing information from said last written servo information;

writing servo information on said data storage media responsive to said detected
servo signal equal to said predetermined value using said timing information developed
feom said last written servo information; and

sequentially repeating said moving, developing timing information from said last
written servo information and writing steps until a second portion of the data storage
media is reached.
22. A method for writing servo patterns in a direct access storage device comprising
the steps of:

(a) writing a clock track on a data storage media at a first portion of said data
storage media, |

(b) writing servo infonnation' on said data storage media at said first portion,

wherein said servo information is written over said clock track;



25. A nethod for witing servo patterns as recite her

“includes the step of witing a calibration pattern} RBeR rsts not
previously witten V\ntn [ “I 26. A od f gl servo
patterns as recited in mﬂ”m"?lm Iﬂmﬂ |ncI udes t féﬁw@%.t ng said
calibration patterns. 27. A retModsfot writing ser patterns as.rletited in

claim26 wherein said step of rewiting said calib patterns i hcl udes
the steps of reading back adjacent servo adl calib atterns,
identifying the spacing difference between the servo and cali bration
patterns, cal cul atgyng bl i
subtracting said a ergggdi\%%egaﬁ?éﬁlg%c@ck% Oh??géjh‘;séggg?c%gd oﬁé‘f@?‘g%é’emgnd
storing an of fgaied #PtEinfardtiotsi Ny said offset table for rewiting said .
calibration patterns.

(d) moving offset from said written clock track and detecting said written clock

track until a detected servo signal provided by said odd clock portion equals a
predetermined value; | '

(¢) writing an even clock burst on said data storage media responsive to said
detected servo signal equal to said predetermined value in moving step (d);

() moving offset from the last written even clock bugst and detecting said last
written even clock burst until a detected servo signal provided by said last written even
clock burst equals a predetermined value;

(g) writing an odd clock burst on said data storage media responsive to said
detected servo signal eqt:xa! to said predetermined value in moving step (f);

(h) moving offset from the last written odd clock burst and detecting said last
written odd clock burst until a detected servo signal provided by said last written odd
clock burst equals a predetermined value;

() writing an even clock burst on said data storage media responsive to said
detected servo signal equal to said predetermined value in moving step (h), one of said
writing steps (g) and (i) including the step of writing servo information;

() sequentially repeating said moving and writing steps @, ). () and (i) until
a second portion of said data storage media is reached; and

(k) writing a calibration pattern between odd and even clock bursts not
previously written with said servo information, including the step of using said servo
information for positioning.

23. A method for writing servo patterns as recited in claim 22 further includes the
steps of reading back said servo information and said calibration patterns to identify any
offsets and rewriting said calibration patterns using said identified offsets.

24. A method for writing servo patterns in a direct access storage device comprising
the steps of: |
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(a) writing a clock track on a data storage medium at a first portion of said data
storage media; ‘

. (b) writing servo information over said clock track periodically around said clock
track;

(¢) moving offset from said clock track and detecting said clock track uatil a
detected signal provided by said clock track equals a predetermined value;

(d) writing a clock burst on said data storage media responsive to said detected
signal equal to said predetermined w'lalue in moving step (c); '

(& moving offset from the last written clock burst and detecting said last written
clock burst until a detected signal provided by said last written clock burst equals a
predetermined value;

(® writing a clock burst and servo information on said data storage media
responsive to said detected signal equal to said predetermined value in moving step (e);

(g) sequentially repeating said moving and writing steps (¢) and (f) until a second
portion of said data storage media is reached; and

(h) writing a calibration pattern between said clock bursts not previmlﬁly written
with said servo information, including the step of using said servo information for
positioning.

25. A method for writing servo patterns as recited in claim 24 wherein said servo
information writing steps include writing 2 selected servo pattern, said selected servo
pattern includes one of phase aligned servo patierns and amplitude servo patxeins
whereby the method for writing servo patterns is not dependent on any particular servo
pattern.

26. A method for writing servo patterns as recited in claim 24, further includes the
step of erasing the data storage media before the step of writing said clock track,
whereby said data storage media is substantially erased in the disk file and the

requirement for pre-erased disks is eliminated.
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27. A method for writing servo patterns as recited in claim 24 further includes the step
of rewriting said calibration patterns.

28. A method for writing servo patterns in a direct access storage device comprising
the steps of: '

(a) writing a clock track on a data storage media at a first portion of said data
storage media;

(b) writing servo information over said clock track periodically around said clock
track;

(¢) moving offset from said clock track and detecting said clock track until a
detected signal provided by said clock track equals a predetermined value; |

(d) writing a clock burst on said data storage media responsive to said detected
signal equal to said predetermined value in moving step (C);

(¢) moving offset from the last written clock burst and detecting said last written
clock burst until a detected signal provided by said last written clock burst equals a
predetermined value;

(f) writing a clock burst and servo information on said data storage media
responsive to said detected signal equal to said predetecmined value in moving step (e);

(g) sequentially repeating said moving and writing steps (€) and (f) until a second
potion of said data storage media is reached;

(h) writing a calibration pattern between clock bursts not previously written with
servo information; and

(i) rewriting said calibration pattern, wherein said step of rewriting said
calibration patterns includes the steps of reading back adjacent servo and calibration
patterns, identifying the spacing difference between the servo and calibration patterns,
calculating an average value of all identified differcnces, subtracting said average value
from each identified spacing difference and storing an offset table, and using said offset |

table for rewriting said calibration patterns.



