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Field of the Invention
This invention relates generally to the field of magnetic data storage
10  devices, and more particularly, but not by way of limitation, to incorporation of an
integrated circuit system for self-writing servo and clock fields aligned in time and
coherent in phase and frequency to servo and clock fields previously written on a
disc drive.

15  Background
Disc drives are used for data storage in modern electronic products ranging

from digital cameras to computer systems and networks, Typically, disc drive
includes a mechanical portion, or head disc assembly (HDA), and electronics in the
-form of a printed circuit board assembly (PCB), mounted to an outer surface of the
20 HDA. The PCB controls HDA functions and provides an interface between the
disc drive and its host.

Generally, a HDA comprises one or more magnetic discs affixed to a
spindle motor assembly for rotation at a constant speed, an actuator assembly
supporting an array of read/write heads that traverse generally concentric data

25  tracks radially spaced across the disc surfaces and a voice coil motor (VCM)
provid,ing rotational motion to the actuator assembly. Modern disc drives typically
utilize magneto resistive head technology that employs both an inductive element,
for writing data to the data tracks and a magneto resistive element for reading data
from the recording tracks.
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used by the servo control system to control position of the read/write heads relative

to the rotating magnetic disc. As TPI escalate, servo field writing techniques that

incorporate servo track writers are unable to provide servo fields with sufficient
15  accuracy to support the increased track densities.

One approach taken by disc drive manufacturers to improve servo control
systems has been through the introduction of self-servo writing methods. One such
method is described in U.S. Pat. No. 4,912,576, issued Mar. 27, 1990 to Janz. In
Janz, one side of a disc is reserved for servo and the other side for data. Janz

20  teaches a first servo track written at an outer edge on the servo side of the disc.
Transducers are moved-in radially one half of a track, as indicated by the first
phase servo track amplitude, and a first data-track is recorded on the data side of
the disc. The transducers are again moved-in radially one half of a track, this time
as indicated by the first data-track amplitude, and a second phase servo track is

25  recorded on the servo side.

Another approach is described in U.S. Pat. No. 4,414,589, issued
November 8, 1983 to Oliver, et al. This reference teaches servo writing wherein
optimum track spacing is determined by positioning one of the moving read/write
heads at a first limit stop in the range of travel of the positioning means.

30  Unfortunately, the Oliver reference does not disclose how to generate a clock track
using the internal recording data heads, as an external clock head achieves this.
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products ranging from digital cameras to computer systems and networks. Typically, disc drive
storing various quantities such as the measured values of the readback amplitudes

10  and reference track values, a divider for normalizing instantaneous readback
amplitudes by their corresponding original full-track amplitudes, a microprocessor
sequence coniroller and a servo controller having variable control parameters to
allow rapid stepping and settling followed by a special form of control during the
write process that limits the growth of track shape errors while substantially

15  rejecting mechanical disturbances. The Yarmchuk reference fails to disclose servo
loop measurement circuitry implementation within the disc drive, but teaches the
use of a commercially available personal computer together with a commercially
available data acquisition plug-in board containing timing circuitry, an ADC, and a
DAC.

20 In still another approach disclosed in U.S. Pat. No. 6,031,680 issued
February 29, 2000 to Chainer, et al., a product servo pattern burst is writtento a
first track, a second sequential product servo pattern burst is written to a second
track while servoing on a third track. However, the Chainer reference fails to teach
the circuitry used to implement the disclosed self-servo writing method.

25 Self-servo writing as a technology is faced with many challenges. One of
these challenges is the ability to write information aligned in time and coherent in
phase and frequency with information previously written to the disc. Delays
between the write channel and read channel cause readback information to be
frequency coherent but shifted in phase relative to the write signal, which is fed to

30 the write channel. Additionally, circuit offsets in any synchronization system
whether phase locked loop (PLL) based, or otherwise, present themselves as an
additional phase (or time) offset relative to the desired written information.
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20 teaches a first grgendAGKYERRRRLAHONRE g MiDa SR sIdepiedisgedpnsducers are
moved-in radially gpe half of a track, as jndicated Dy gh%fir t e%hase Senvo track ar pjitude, and a first

data-track is recor ee Op% rslet eeteatg{ac %‘ét use I wri reference marks to the rotatable disc
surface, a multiplexer for switching between write signals from the write channel

and reference mark write signals from the pattern generator for writing information

20  and the reference mark respectively to the rotatable disc surface of the disc drive, a
memory buffer for storing radial position correction tables and values for writing
the reference mark to the rotatable disc surface, and a self-servo control and
sequencing circuit synchronizing timing signals for writing the reference mark to
the rotatable disc surface integrated into drive electronics.

25 In a preferred embodiment, a method self-writing additional servo field and
clock field information respectively in substantial time alignment and phase and
frequency coherent with a respective previously written servo field and clock field
is used to form a data track on a rotatable disc surface of a disc drive, using a
read/write head of the disc drive. The steps used to write the additional servo field

30 and clock field information respectively in substantial time alignment and phase
and frequency coherent with the respective previously written servo field and clock

field include, measuring a difference in radial position, relative to a center of the
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self-servo writing fAGHROGY ton Wil be apparent owing de
description and a review of the associated drawings.

20  Brief Description of the Drawings

FIG. 1 is a top plan view of a disc drive incorporating an integrated circuit
system for self-writing servo and clock fields on the disc drive in accordance with
a method of the present invention.

FIG. 2 is a simplified functional block diagram of a servo control loop of

25  the disc drive of FIG. 1.

FIG. 3 provides a block diagram of an electronic control system of the disc
drive of FIG. 1, showing a portion of circuitry of the electronic control system,
which facilitates self-writing of servo and clock fields to the disc drive of FIG. 1.

FIG. 4 is a simplified block diagram of the disc drive electronics portion of

30 the electronic system of FIG. 3.
FIG. 5 is a simplified block diagram of delay paths of the read/write

electronics of the electronic control system of FIG. 3.



25 Self-servo writing as a technology is faced with many challenges. One of these c%l%@&g .%QRQ
ability to write information aligned in time and coherent in phase and frequency with information
previously writtgiptadhegigc. Delays between the write channel and reag%lgﬁlm?g% e readback
information to be freque cqherent byt shifted in phase relative to the write signal, which is fed to
30 the write channel. Adﬁ%ﬁéﬁﬂ,{’jﬂ%ﬁmﬁ RPN Wi Rt dAoRy YRS RFiMer phase locked
loop (PLL) based, afitlxivennisy o fi€ed whicinfadlitetssaslfwriinditdinfdmpiaties (o diey offset relative to
the desired writterzinfoupaiipn. 3 10 March 2005 WO 2002/035543 PCT/US2001/023403 Therefore,
challenges remain and a need persists for advancing integrated circuit systems incorporated within
disc drives to advance tHEGr{ & dtdeck irgram et apabenpia smbadinest ohw parraraitd effective manner
that overcomes thghaenRiskéd op BRIt portist tidisaiitsas PP inthiarhomiaiesik Summary of
the .Ir.1vent|on The %ﬁ?%t’%ﬁ’t‘%ﬁﬂ n }E’%’ﬁl%’ﬁl%cad%'%%‘?ﬂi’& \i\{lth a _rotatable <_1I|S(_: surface accessed by a
positionable read/write head controlled by a p05|¥|on|ng méechanism functioning under the control of a
servo control loop that inEiGe8ds tiries dirgrme pLibefesrenevidienhasaleoih lompraytcarofiriting data to the
rotatable disc surfagg, @ previously written reference mark written to the rotatable disc surface, a
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detected by the pulse detector circuit for use in writing the reference marks to the rotatable disc
surface, a muItipIe&Q’?@P&%ﬂPﬁaﬁﬁﬂf/@@ﬂ‘W%@iﬁ%{@f}om the write channel and reference mark
write signals from the pattern generator for writing information 20 and the reference mark respectively

to the rotatable disgewféaﬁe&kmggisc drive, a memory buffer for storing radial position correction
rtmn

tables and values for w g € reference mark to the rotatable disc surface, and a self-servo control

and sequendihg circuit iioiths Sraminpsin sanstabrandimere pratiatierbifedIFalk to the rotatable

disc surface integréaiaeh Bierélti veaalpoiien st di Wivcasgesatwpbarneriardwatheg self-writing

additional servo fl%ll%s%rqg invention. Numerous details of and variations for the construction of the

disc drive 100 are not included in the following description as such are well known
to those skilled in the art and are believed to be unnecessary for the purpose of

20  describing the present invention.,

The disc drive 100 includes a basedeck 102 supporting various disc drive

components including a spindle motor assembly 104. The spindle motor assembly
104 supports at least one axially aligned rotatable disc surface 106 forming a disc
stack 108 (also referred to as a "disc pack"). Adjacent the disc stack 108 is an

25  actuator assembly 110 (also referred to as an "E-block” or a head stack assembly
(HSA)), which pivots about a primary actuator motor support 112 (also referred to
as a “bearing assembly”) in a rotary fashion. The HSA 110 includes at least one
actuator arm 114 that supports a load arm 116. Each load arm 116 in turn supports
at least one read/write head 118 (also referred as heads 118) that correspond to

30  each disc surface 106. The read head portion of read/write head 118 may be
physically separated or offset from the write head portion of read/write head 118

both in a radial or cross-track direction and in a circumferential or along-track
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VfVith thg%previouslg/ V\{rittegwtinformation field; and writing the information field
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previously written information field, These and various other features and advantages which
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the electronic Conterzﬁlc%rsﬁggrlnnetic field is setup, which interacts with the magnetic circuit of the

VCM 122 to cause the actuator coil 124 to move relative to the magnet assembly
126 in accordance with the well-known Lorentz relationship. As the actuator coil

20 124 moves, the HSA 110 pivots about the bearing assembly 112 (also referred to as
a primary actuator motor suppoxrt), thereby controlling the position of the heads
118 relative to a selected data track 120 of the disc surfaces 106. The servo control
loop (not shown) is an element of servo system 130 (not separately shown) that
also includes a positioning mechanism (not shown separately). The positioning

25  mechanism includes the HSA 110 and the VCM 122. The servo control loop (not
shown) includes servo control code programmed into a servo control circuit (not
shown)

To provide the requisite electrical conduction paths between the read/write

heads 118 and disc drive read/write circuitry (not shown), read/write head wires

30 (not separately shown) are affixed to a read/write flex circuit 132. Next, the
read/write flex circuit 132 is routed from the load arms 116 along the actuator arms

114 and into a flex circuit containment channel 134, then on to a flex connector
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PR S e T et
read head polion ms;@mmgchg&gnﬂ}gt pﬁaxyqj@y shown) operating under the control of servo
control circuit 142 programmed with servo control code, which forms the servo
control loop. The servo control circuit 142 includes control processor 144, a
demodulator (demod) 146, may include an application specific integrated circuit
(ASIC) hardware-based servo controller ("servo engine") 148, may include a
20  digital siénal processor 150, and includes volatile memory (VM) 152, a digital'to
analog converter (DAC) 154 and a motor driver circuit 156. Optionally, the
functions of servo engine 148, DSP 150 and volatile memory 152 may all be
contained within control processor 144. The components of the control circuit 142
are utilized to facilitate track following algorithms for the HSA 110 (of FIG. 1) and
25  more specifically for controlling the VCM 122 in attaining positioning of the heads
118 relative to the selected data track 120 (of FIG. 1).
The demodulator 146 conditions head position control information
transduced from the disc 106 to provide position information of the heads 118
relative to the data track 120 (of FIG. 1). The servo engine 148 generates servo
30  control loop values used by control processor 144 in generating command signals
such as seek signals used by VCM 122 in executing seek commands, and to
maintain position of the HSA 110 (of FIG. 1) during data transfer operations. The



physically separated or offset from the write head portion of read/write head 118 boti‘}%'\ﬂarra%]ﬁoo%
cross-track direction and in a circumferential or along-track 6 10 March 2005 WO 2002/035543

PCT/US2001/0¢349s/ai8gfion (not shown). A relatively small head offselg(jj%@s%({pmgﬁg'feature of the
construction of modern magneto-resistive head assemblies. In addition a seli- writing servo

propagation advarfSgRnd emals asiecrstnd hxdhs Do e Rraleg sodmlsipali e RSthe read head
and the write headbyBhemolincisvetateutOB éainldieamhdposit alibstd tislisado neriktveitoular data

tracks 120 (only o%§ggw§|) &yae&aw.% Msggﬁm%%gﬁgféi%@ a5 SB Ig{[yiggf&l)@located, and on

which head position control information are written to em serv s’(not separately shown).

The embedded servo fieldS st ghgutes uprtinmplork disgram of dise il shawing i8Mh) for use by

customers to storeldatand Sledtienid ool Qyistée 16m | RlMdR SHinmEMebyonip doRAHT fstsator motor 122
(also referred to ag g,"voice cojl motor gssembly” (VCM)), comprising an actuatqr, coil 124 immersed
in the magnetic ﬁeﬁﬁgﬁ%%%i%@%mﬁgg%gé?ngjéﬁ&%%efyﬁ .eA?l}rJ%ué%gsr)(% i (Fll)g/ pg gable flux path is
provided by a steefostadhe feemin cirail sastop qf dhe ivientipmand meyibaisovdined iemtor coil 124 to

complete the magigiife Gifispikdd HEHE TIENbIE 22O WHALLRAR ROl P &alism WieaHRD. and under
the control of a servo og%rol lo?fﬁot S‘Eﬁ n).current is passed thromélgcgeg}e coil 124, an
|

electromagnetic fisfiEs EXEHIRFREATIRE eHRESAATHR AT LFERRSE22 to cause the
actuator coil 104 tdorkeddoppleitist tho 8h Eack gnewabewmin|FIG. odenctec ot thastamendlécthiealvell-known

Lorentz relationshigy, st REHRIPIGRILAS K2R IR {50 AP )gUh g bearing

assembly 112 (also referred to as a primary actuator motor support), thereby controlling the position

of the heads 118 rEaAvefsed herimaTsdiiwelieciaot dfthelartedurmicsirais stigusedvo control
loop (not shown) idpdie!driver100 faawrlfeytitgrefttdsmbrie iasa telgsbibiy hpiiatsalso includes a
positioning mechagj rately. [tionin st igcludes the HSA 110
and the VCM 122. The seg\?g %%l‘ﬁ?ﬁ%ﬁs?ﬁ%gn s%%%%q%}%ﬁé%%%%ﬁo?ggﬁot?g@b%%Lgilggrammed into

a servo contrdP cirdEerEREe eHkIIH o Einaiankls disc i dOf (eAFIEnA A saTEalG between the
read/write heads bdSefélddigieidtivapactiosit Eicicdbisnohsiewpy. deagisiiedwad wires 30 (not

e o AR BRI S b e g e creu 1521
relative position to the disc surface 106 (of FIG. 2) for writing of additional
reference marks across the surface of the rotatable disc surface 106 (of FIG. 2)

20  during a self-writing servo process.

Included within the self-write circuit 164 is a pulse detector circuit 170
(also referred to herein as a phase measurement circuit 170) used during the self-
write servo process to create logic level signals from an information portion,
typically clock fields, previously written to the disc surface 106 (of FIG. 2).

25 The logic level signals are used in determining the substantially accurate
circumferential position of the information portion previously written to the disc
surface 106 (of FIG. 2).

The phase measurement circuit 170 is used in the self-writing process to
measure the phase or time difference between self-writing reference marks written

30 to the disc surface 106 (of FIG. 2) at different times. The clock generator phase
locked loop circuit 168,which includes a phase locked loop or PLL generates an

accurate clock for writing additional reference marks based on detection and



114 and into a flex circuit containment channel 134, then on to a flex connector 7 10 I@I%W%b%%ﬁ)
2002/035543 PCT/US2001/023403 body 136. The flex connector body 136 supports the flex circuit
132 durmg pa%&g&)%&%rgad/wr.lte erx. cwqwt 132 through the basedecéﬁ%%oalrzgz %]"’[t? electrical
communication with a disc drlveéarlnted circuit board assembly (PCBA) fa 0 as an

soreferre
electronic control SSRaf@friHSE Shivgnfraaine aorion areviongl wriken tabesisscuefere 105, The flex
circuit containment(efEIGI2). L3 prolgemmuppodifaiend iR Sesel Bildotfiofeiupmanereamplifier/driver
(preamp)138 used g condition re§dlwriilel7'sdqnals as ei{lge&/gafenther ad@f{i e circujtry (not

shown) and the redamvrite heads 118 The' elecironie control Sys é’ﬁﬁcproﬁa‘é trive

read/write circuitry ofiglpcisieusisefseersanationi of tibstaatislatigrgnent and egbstensanfier interface and
c(r)]ntrol) circC;Jitryhforgé}(jeo@iSIaﬁfé\é‘%t)rlwﬁefﬁQ endisfodt! h’&ﬁi@@pcﬂﬁﬁ B@ESPC : W%@ﬁﬁﬁ@ﬁ#@j ghe F;lC BAh(not
shown) and a head di sem HDA) 14Q attached to t A. Typically included within the
HDA 140 are the )—%&%‘?ﬁﬂ@%éﬁ'fggﬂ f'ﬁ’e“&f’g@ c@l}l(%@‘&ming to FIG. 2, positional control
of the heads 118 is providlbeipvggthmmébpobtiyrinminide vasaiesn @ebiysadratedijsitabln) operating
under the control ofi5a/\RmEPRURGsAd BIRRIRITALM LeratNG 6RAIIbARH o ch forms the

r

servo control loop. The serva contral circuit 142 includes control processor 144, a demodulator

(demod) 146, may THERIAEE AP SlRckiEsRCHerMhashienkpddoon ricHit a&mey hadssigned Mased servo
controller ("selyo emgitigly)thelBeqnencind tedslacRGielditind wighahpitnsimbgophbsdamighiacludes volatile

memory (VM) 152@@09119&?_%% @Q'%&eﬁ%@é@%ﬁ%ﬁ%%%@%%1‘3&}"3&@?““ 156. Optionally,

the functions of servo erigine 148, DSP"150 an e memory may all be contained within

control processor TA¥ntNed withintsenitiont missing srsheded ot ingomplete glpskdigkdea Fheate track
following algorithmgtige teaduimehi CirdaitFie rgydacn 2balogte aiddsifiealbidnd earbomisg the VCM 122
in attaining position gfﬁg agc dsenlla ogelﬁ\&sijvq tc?{%me selecte lggta tra?k %20 (of FIG. 1). The

503| ontrol Inormadon ARET DT

ing.
demodulator 146 c%lﬁ%ftlons hea ion jon transduted trom the disc 106 to

provide positidh infsipiaintcopefa pradeiend digitdbmixedannds elzquitraush aotredittoml 1). The servo
engine 148 generaiefciNacR AR ARy AKIBR SRRy RRED LREAITSRAIAG - generating

command signals such as seek si s used hy VCM 122 In_executing seek commands, and to
maintain po[sition o?ogﬁsealg%liﬁl%sgggf : 3?pd3ﬁf‘?d’f?§fm%?eqﬁg§él’?ﬁgt tr?szzfﬂaé'g;

implemented as an analog circuit, or an analog and digital circuit, or as a purely

digital circuit.

20 A pulse detector circuit 174, which may be either an analog or an analog
and digital mixed mode circuit, functions similarly to a classical read-write channel
integrated circuit pulse detector and is designed to have sufficient accuracy to
assure timing alignment in phase and frequency between adjacent servo fields and
between adjacent clock fields. A pattern generator 176 is a circuit functionally

25  similar to pattern generator circuits used in heretofore traditional servo track
writers. The digital circuits of the pattern generator 176 are selected to achieve
substantial coherence (low jitter and skew) between information portion previously
written to the disc surface 106 (of FIG. 2), either servo or clock fields, and a
reference marks, either servo or clock fields, being written to the disc surface 106

30  during the self-write process. The programmable delay circuit 172 is used to
adjust the phase or timing of the clock used to shift out the pattern from the pattern

generator 176 during the self-write process. A multiplexer circuit 178 serves to

10



10 March 2005 WO 2002/035543 PCTIUS2001/023403 command signals are conveleMy & HRe
154 to analog control signals for use by the motor driver circuit 156 in directing positioning of the

heads 118 relagiyg;igth&aelected data track 120 and seek functions of é&llﬂél}g“ﬁgoth of FIG. 1).
FIG. 3 shows a functiopal block diagram of disc drive 100 showing HDA and electronic control

{ ( g
system 160. Includ¥dSRitheSsE RERRLE Signas Bptesn thedgitsrn BRI LTRME62 and a self
servo-write circuit systehnedddriteivimnie) wlestitt dnfrgrdiedhy vfthe dsistasleafoiliesiréantion and may be
combined into a single intege: ireuit, The self servo-write &ircul tem 164 (shown within the
large broken line portion%g %%E?g ?égﬁ%gg%asg ur%lc%)u\}\ﬁ’l 8 C g?: gne%%?xﬁ 1iljtévee é%n%o\glked loop circuit

168. Each arrow shagiions ¢ithe sekfaviding nipsessand ferardiming Figuplireaniedifexshssalievices or
functions of the sefiraerieceste siveudisTHesBIL&dvd b spirtradienbiapaingag sedf-write circuit 164).

The self-write circuit 164 is used. by disc drive 100 far self-writing reference marks (also referred to
herein as an "info?ﬁ?ﬁﬁrgﬁl ﬁ%ﬁé"%ﬁ%yfl%o&?n Y%#ﬂc Pﬂ@ﬁ?&%ﬁ@g EH%C%%%&%?W . 2). The 15
reference marks wiiehleokddd aensitdie k& endinfaceystallaskinet. shpwmnd ofsheddive servo fields (not

S e et o g s U ol i
regarding the heads of FIG. 2). relative position to the dis¢ surfac of FIG. 2) for writing o
additional referentsm%H&gﬁfm&gﬁmsﬁﬁﬁmﬁﬁer@ﬁmw SEHEBEof FIG. 2) 20 during

a self-writing Hbrvq»mses&wimhinglm withipléer simm.ﬁ&toiselaﬁt maﬂfs. fqnkhe pmm_or circuit 170
(also referred o heggin. fBRASAAERSHIGHISRbNS Hiid pllainesheuiloe 1 sallziy b servo
ds, previously

process to create [ogic level signals from an information portion, typically clock fie
written to the disc SnfitkdbeeRbYsflevangthe sslfrwiteqyrcsssiamensaeds are used in determining the

substantially accurate cilcanyissmateppfeaitd entiodimdnfprogrinanapler telaysiestitusly/ magtten to the disc
surface 106 (of FI T nt.circuit 170 is i the self-writing process to
measure the phasgeogrl) %fr%‘% [ ﬁ}%ﬁ@?gg&é@g&gf&?ﬁ%ﬂe ecr%aeg%clg"lér%se v%ﬁ?\f{\(laor% I%% to the disc

surface 106 (b FIclogs gensrisraesmiecked lnon fiverit Lofe rixdiapprss sRazrEenrbidelayuit 168,which
includes a phase ekl 1mPR Rcilidd SAME] M6 Feadbade WHPEE taHPKIfovhiviting asitidean) reference

marks based o ool A R JGe foop 2itca To%. ks Toedbarl conmBUiaR 1 2o 10
advantageous by allowing the use of programmable delay circuit for measurement
of the loop response characteristics of the clock generator phase locked loop circuit

20 168. In an another alternate preferred embodiment the programmable delay circuit
172 may be placed immediately following the pulse detector circuit 174, in which
case the programmable delay circuit 172 will act upon the signals from the pulse
detector circuit 174, which go to both the clock generator phase locked loop circuit
168 and phase measurement circuit 170.

25 FIG. 4 is a simplified block diagram of the drive electronics 162, however
not all of the circuitry present on the drive electronics 162 (of FIG. 3) is shown. In
particular, the interface electronics involved with connecting the disc drive to a
host system are not shown. The circuit systems shown are those involved with the
self-write process. A controller-sequencer 183 is typically a digital circuit with a

30 few analog elements such as an analog phase locked loop for producing a multiply
clock signal from a lower frequency crystal and typically contains one or more

programmable central processing units, as well as random access memory and

1



characteristics of the information portion previously written to the disc surface 106 (oi‘—%?‘%h&"%
programmable delay circuit 172 is used in conjunction with the phase measurement circuit 170 to

perform track tqulsagdepiaygnferential alignment of similar in kind referenlggﬁqgf@i oizs o Substantial
alignment and coherence of 5 servo fields to servo fields and clock fields to clock fie és, for servo

fields and clock fi@Reamaenteaamene Matordrixmeleasomicsioirrait 184 previdrs slestsisthble delay circuit
172 creates a delayeepbakesphidisimbior aanibbig0a(drRIGalsiackiseneoLEp @HIthexlock

generator phase loﬁé‘%ﬁ ﬁeg{%ﬁggé:gﬁ&eq% The ¢ n%ﬁ%%ﬁ?@c%a%ﬂ@lceﬁggr%%% rl:'ggcuit 168 may be

designed to 10 mu requency of the clock field bits while maintaining pnase and time

accuracy, and haseXeguies i srad et avits fyneriony dusipg bypionh aperatiens i thp dispriiMeained with
intermittent, mssin@oekife thosdIGAHIPIREEE iRk fred BRbAARALMRATHIEPORRINGIECUIt 170 may
be an analog or analo d.digjtal mixed made, circuit, The clock generator phase Jocked loop circuit
168 may also be 1 § gﬁ@%&% S gfr%cggg}gsglg%g El‘fﬂfng ?&%%yl’%gg@ Sﬁ%ru%cg&ygas a traditional
analog phase lockéf F86p3)on daver ditia pettermogstherelioyi citcvit diTié (ppri&t\3)dfeweur theas a digital

phase locked loop b g oo G RAUPWHRALIHRY ek 1onTBaysBSs (Ul RIAEHIERHRA Rfpnalog circuit, or
an analog and digital circuit, or as a ﬁur%%ﬁégqiti circyit. 20 A pulse detector circuit 174, which may
i |

be either an analog%ﬁﬂgﬁtﬁ“tii%fltﬁﬁc'ﬁh % 9 RSB IR R MBS RV to a classical
read-write chafnelwiittegtatbeldiscomitimel $06defditbrzand is designed to have sufficient accuracy to

assure timing alignment ﬁi@f?&%ﬁpgﬁf@éﬂ&&%&@&%&sﬂﬁﬂgiﬂ%@%%m%$@éﬁ”d between

adjacent clock fields. A pattern generator 176'Is a circuit 1funct|onag¥ 25 similar to pattern generator

circuits used in he@tst8Y dithsAsadehnmnel gertion 88 of repdvaritn chanpel lectioies b8ftern generator
176 are selected tamchidleclsgiirtati phae 16tkarRdpaivaiiter6a Rhiskagsb esuddrikinformation portion
previously written tq.the dis fac 6 _(of FIG. 2) either servo or clock fields,.and a reference
marks, either servén%()rna%)&cl:%%i%sg,}%&eﬁagn .rlt'?gﬁe %tlfr)?éod%cf%%%%g%ni% ‘gg_tgiﬁl n%;lst & self-write
process. The BrogsaHhnTip Rrasess jasn s writedbhr;addisigns) vilp sigals torihe diss 96y 186 the clock used
to shift out the patters desigh bratRAEREWEHR BsatQledafictpHng 1bek 36dh eyitenpIggass. A multiplexer
circuit 178 serves to 10 10 March 2 WO 2002/035543 PCT/US2001/023403 switch the source of
write signals betwé’é?ﬁ?ﬁ%mﬁ%%gg 2 ((e)lnerg?(l)n P fn/sg%asnﬁrtﬁgse phase 01%6% 80 %agthe Teference

marks written to the disc surface 106 are placed coherent to the reference marks

previously written to the disc surface 106.

20 The self-write circuit 164 of FIG. 6 has the ability to measure phase error
between a voltage controlled oscillator 190 and reference marks previously written
to the disc surface 106 (of FIG. 5), the ability to accurately delay a phase lock loop
clock portion of the self-write circuit 164 and the ability of multiplexing clock
signals into the phase detector circuit 192 in order to perform automated

25  circuit/system calibrations. Measurement of phase error is accomplished by a
phase measurement circuit 170 of the self-write circuit 164. The ability to delay a
clock signal of the servo write clock generator phase locked loop circuit 168 is
provided by programmable delay circuit 172 and the ability of multiplexing, or
switching, clock signals into the phase detector circuit 192 is provided by a

30 multiplexer 194.

FIG. 7 shows a block diagram of a servo write phase lock loop system 200
which is an alternate embodiment of the self-write circuit 164 (of FIG. 5). Servo

12



normal read/write channel electronics (not shown) of the drive electronics 162. A self-Js%Mgrcc(Sh?r%ﬁ)S
and sequencing circuit 180 performs executive control functions of the self-writing process and forms

timing signals rgguserhiesihe self- 5 write process to proceed. The self-?%q@g%%ﬂ%g f&]d sequencing

circuit 180 synchronizes timing signals to the clock signal generated by the generator phase
locked loop circiFHsRIassdekA00R Sistrm 40 inslden ReL riparaEabls dRlRE 162. A buffer
memory 182 is aciiigitadoeirahich paskides sioehgel phlrdah fgsiliniratitblrdaisieasatd intermediate
values used duri self-write 10.0rogcess. Switching ihe. iplexer circuit tg select signals
from the pattern %%e&r’]lhg%r%%gc e%gﬁgﬁ{ﬁg%ﬁ‘ﬁﬁg%‘?%ﬁﬁﬁg% %%%%?ﬁé%cfg@c’l?ﬁeld patterns on
the disk thereby ia#daskesl thassdrcls e sledesiansd Zrbrecapuinudokiie phase loekfiepizd embodiment
programmatye delkay pbidh 17¢ may be placed such that the delayed output clock is connected back
to the input of the 15 k generator phase locked Igop circuit 168. In that case programmable delay
circuit 172 is included C\%v%%igg?%oe“?se %B%n&g}b%% {?jfe N o%ﬁﬁgﬁe]r'%%/ rh%ﬁﬁgoé%%%ggpock generator
phase locked logpdinsh meBumpmenicingbite ko8 anth &¢ditaf HGddandifed selbyritiowing the use of
programmable d&&%mm&f@ﬁ@)@ﬁs%y&emﬁﬁeé HAe JAoR ERvP Rk FNRAGIIIAVES Of the clock

generator phase |ocked Io%c'rcwt 168. In an anather alternate preferred embodiment the
[ G}‘Za’Fﬁ

2 :
programmable &R &k R Bdsd e figial R SDRIRONMR P 854 SOk tor circuit 174,
in which cakke thanpsegremvinpditenitdlgd/(ofBIGt 3)7 Invitflerab esiablithepbaganhiekfobthetPEIpulse detector

circuit 174, whichga {o, bathhe.clack generalor phass dasked (ap GiigHil a8 phase

measurement circuit 170, 25 FIG. 4 is a simplified block diagram of the drive electronics 162,
however not all BFEHOBIE UtFe 19rdsunibe Seme WHiG S erk ErRiear PB2sedP ek lospisiswn. In
particular, the integ$geeFIEClyanibphidy aivesie fitecitdn@ibnefdireddisas PiIgdie 404 dst system are not

shown. The circujt t are those invol it self-wri roc . «
controller-sequer%eéiﬁigg%é %ﬁ \ggﬁn&eﬁaﬁ%ﬁ%ﬂl%ﬁﬁﬁﬂw g’ ﬁ%fgﬁgﬁégé%ﬁ%@%uch as an analog
phase locked lodjresit bPAdeiie-3)mbrisarhabukodd sraversasion 10G e firddalragemagkal and typically

contains one or BFP SRR Y GraRBITRII0E RIS RErTItSoaRIa had RBRI cRERESS memory

@m
and 11 10 Marc 05 WO 20Q2/035543 PCT/US2001/023403 program con trol ory. Motor
driver electronicgﬁ%%c% ﬁrefer oF ma%( gﬁﬁfﬁlgrwn%?g asse%r%%ll 104 (of FIG. 1)

Ppecedes g seco QF Secon
provides-electrical power 1o the' s
and the VCM 1281Qaksefeyred to herein as a “secondary clock field” 410) and may follow a

third reference mark or servo track writer supplied servo field 412. For each of an
20  even servo sector 414, the secondary self-writing timing field 410 precedes the
primary self-writing timing field 408 and may follow a servo track writer supplied
field 412. For purposes of this disclosure it is noted that each servo sector, either
odd 406 or even 414, written to a data track 120 (of FIG. 1) lie substantially
between a successive forth type of reference mark designated as address marks
25 416.
Included within each odd servo sector 406 is the primary self-write timing
field 408, followed by the secondary self-writing timing field 410, followed by a
fifth type reference mark or primary servo field 418, which is followed by a second
primary self-writing timing field 408, and a second secondary self-writing timing
30 field 410 which proceeds a sixth type of reference mark or secondary self-writing
servo field 420. Following the secondary self-writing servo field 420 a repetitive
series of a paired timing field, i.e., a primary followed by a secondary self-write

13



during operations of the disc drive 100. The read/write channel electronics 186 exec&%yﬁfﬁgr%%%%
or write functions during typical operations of the disc drive 5 100. During the self-write process of a

preferred embaggngpleifgswrite portion of the read/write channel electrgpigs ?@2& itched out by
multiplexer circuit, 178 éof FIG. 3) in favar of the patter ﬂ%gnerator circuit 176 (of FI g however the

read portion of tHEFBRERIE08n% eﬁ%@ﬁ%?ﬁ&%%&ei Tk 6B 6 Ao Brteulse detector

circuit 174 (of F|ma¢msemmqtefmemmmmmmym¢mm aitimimgface 106 (of
Flo- 2). FIS. 5 e APIaN HAGLR ESRIRRRAIRGLIRS ARRYS JdREdAlLoH] JpaReraror 176, he read

channel portion 188 of read/write channel electronics 186 _and the clock generator phase locked loop
circuit 168 whichie¥Eet<he aRirativeeins 48 sleraalinesshal animpry-Aad seeandastbimivgreference mark
write signals she fifidgselideieofieldess uses to write the additional write signals to the disc surface
106. The design of th ryo write clo rator. Qh lock loap system 16 programmable
delay 172 com pensat:’sﬁf%?et Y g%%gﬁgg%ég??s‘?%%fslnéoﬁt %%%ﬁ% gag efg%%rgx%aaﬁ(%%ﬁériﬁgg to the disc

surface 106 are pricaressrsbyihonkase areastrasehoiryit 3 rO\(UBIG e D wf thesdlfc surface 106. 20
Comolled b5l B e 106 (01 F1G. 5)
controlled oscillato and. reference marks previoysly wrjtten, to the disc. surface of FIG. 5),
the abilty 1o acoAT SR S THALE RHRHSD SRRSO SRR AFRS LHESK 164 and the
ability of mulflple418}) ofgrimsiy natscendatiecifivaiting ecest dieklsddiB k8 220ppdaiauslyerform automated
25 circuit/system,GalibraliaRSo MRS HEERl R BE A RY 3) 5 eraemRisRELY g Phase

measurement circuit 170 of the self-write circuit 164, The ability to delay a_ clock signal of the servo

write clock generSEBIEp LS TotaiRia disp Trees PR &L I5Ho M soPAH Aathassiadelay circuit 172
and the ability of egitipbaiit the pevitaisiygyritternsinas destertheplodd sedeteatiors it 192 is
provided by a 30 puliplexerehdds FAC4o SABYRAPIRC I AIAIN LR SHHY Yiiﬂﬁéﬁgée lock loop

system 200 which is an alternate embodiment of the self write Circuit 164 {of F Servo 12 10

March 2005Mv0 4§dotesdns thesecondary seH-mptingrerypifield 20 YRk YatRe smbAte200 includes an
additional prograaisabimélt leycuiirC10 (QOACWHiR pRrcesdieitartielayeddats s6 tefa signal to the

;““'“p'exer 194 Ugrdidn3 SHish Closk SI9NaR MIROeBaRE SelSHONG S ildwualye Shown by FIG.
the same as the sum of the time that phase measure gate 404 is high for all primary
self-writing timing fields 408 between successive address marks of the selected

20 data track 120 (of FIG. 1) for which the phase measurement calculations are being
made. The phase measurement portion of the self-write process concludes, for
each odd servo sector 406 of the selected track 120 (of FIG. 1) with the occurrence
of the final primary self-writing timing field within the subject servo sector 406.

Conclusion of the phase measurement portion of the self-write process

25  initiates transfer of the measurements through the self servo control and
sequencing circuit 180 (of FIG. 3) to servo engine 148 and control processor 144
(of FIG. 2). Following transfer of the measurements to servo engine 148 and
control processor 144 (of FIG. 2), the phase measurement circuit 170 (of FIGS. 6
or 7) of self-write circuit 164 (of FIG. 3) is cleared in preparation for subsequent

30 sequential phase measurements of all remaining servo sectors of the selected data
track 120 (of FIG 1). It should be noted that phase measurement data collected to
calculate phase etror is gathered from the repeating pairs of primary and secondary

14



is a locked phase lock loop clock signal 204 as an output of the phase lock loop 5 cIo%Q %ﬂﬂﬁ ZLOIQTL3
FIG. 8 shows a timing chart 400 for the clock generator phase locked loop and phase measurement

circuits 168 angyd,40,6q5ElGS. 6 and 7) of self-write circuit 164 (of FIG. tem timing and phase
error measurement is derived from ﬁ,g;\tes, which are provided from digitﬁqﬁg%oso)%é fBnous to self

servo control 10 &P SEtne Heling Eplds 408 andA IB)mortion afsrsh seve sealons Besaassdheck of the PLL
and to measure ghaseeftondahasadesiatdeangadie ipctalsmicief et widagtmingate 402) is used
to drive the servo.wirite clock rator phase locked | circuit 168.(of FIG. 7). a hase measure
gate 404 (also re%\é\ri#esﬂ%(%gg gﬁ%%ﬁae 4%& s%nau-t% %%@%“&ﬁgrﬁ %@%&%&?&F%@ﬂ%ﬁrcuit 170 (of
FIGs.6 or 7) of theckamifingdimingifields Ban operiant elenrst ndbe sueeasstl immlementetioor 406, a first
reference mayk o RiyBaweRY protERnoationes ieteit08 (also referred to herein as a "primary clock
field" 408) precedes a d reference mark or secondary self-writing timing field 410 (also referred
to herein as a "second%%%&%ﬁél&%f‘ﬁﬁ&% o%&/b‘%‘iﬁﬂrg?é%ggﬁ&cﬁﬁcﬂﬁgﬂ servo track
writer supplied sdpfFl®|d)4o0wEtingmiiecotcamaks bveselkeotaddstadincid 120, @iFKechribatry self-writing
timing field 410 pg&c@gﬁg iﬂ&’ﬁ@&@ﬁéﬁgﬁﬁ&éﬂ{i&jﬁﬂﬁf@égﬁéiﬂﬁk%%e%%@%@ﬂéﬂﬁesewo track writer
. For

supplied field 41 is disclosure it is noted that each 'servo sector, either odd 406

purposes of { | S
or even 414, writf?ﬁ"tgaﬁkd’a%%(ﬂﬁWQB EhPERSY PR mOrtinn o s LHRE Ae4vehtt essive forth type
of referencelmarklcesiGodtthe prinsiglress fivhdiid 8 2&fetdrtte matitsl vt Whiehir@riaty self servo sector 406

is the primary selwlqﬁg %%é@l%gi&;&ég%%&p&g@c gg&/ﬁ@ﬁggj{%%ﬁgoﬁeld 410,

followed by a fifth ?/ e or primary servo field 418, w  foll a second
primary self-writif§ ﬂ%ﬁn@ﬂ’@?ﬁbﬁ%@&%ﬁﬂﬁ%@%ﬁaa@%m%@ﬁ#ﬁ% 196 frfid 410 which
proceeds a sixth BIFS. &, 6QETPOER IR GRURNEANY SRIGVS) ignshizbe thd RRkEDIoWiIng the
secondary self-writing seryo field 420.a repetitive seres.of a paired timing field, i.e., a primary
followed by a Sec%%%fpgsgﬁﬁmﬁ-{lg @%ﬁ%&“@é&%ﬁ §86%035543 PCT/US2001/023403 timing
field (408, 419), fill the Fiainvecnparioniof thetiaing sennsneel chady 6Rhosis that Bedress marks 416. It is
to be understood dhahgitiesieoF SRR REGtR R AN andipiisaANGtIESMEnaldSngaReiae undertaken and
would be within the s f this invention, the pbjectiv | lternating set of primary and
secondary timing@?ié%%%%gsfé?%%e ten to s ec!c ua&qgw&’faﬁ&tﬁ wﬁen gle Servo

write clock generator phase locked loop circuit 168 (of FIGS. 5, 6 or 7) of self-

write circuit 164 (of FIG. 3) is synchronized and locked to the secondary self-
20  writing timing field 410 (of FIG. 8).

In other words, viewing FIG. 8 and FIG. 9 together, information is written
to a selected portion of selected data track 120 (of FIG. 1) while the servo write
clock generator phase locked loop circuit 168 (of FIGS. 5, 6 and 7) of self-write
circuit 164 (of FIG. 3) is locked. Following the write operation, and with the servo

25  write clock generator phase locked loop circuit 168 (of FIG. 5) of self-write circuit
164 (of FIG. 3) still locked, the phase measurement circuit 170 (of FIG. 6) is used
to identify the amount of phase offset between servo write clock generator phase
locked loop circuit 168 (of FIG. S) of self-write circuit 164 (of FIG. 3) and the
reference marks just previously written to the rotatable disc surface 106. An

30 appropriate compensating offset is then programmed into programmable delay 172
(of FIGS. 6 or 7), this compensating offset is then used to remove the phase
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These repetitive series of timing field pairs (also referred to as clock field pairs) are U%QM(EH@OOS
phase measurement circuit 170 (of FIGS. 6 or 7) of the self- write circuit 164 (of FIG. 3) as the basis

for measuring RhgseSese8.petween reference marks (whether primary o;&&?ﬁ%%wsigf-writing

timing fields [408 gr 10 410], or primary or secondary self-writing servo fie or 420]) previously

written to the rotiHfenae betyprndBerer chpmel 183 Of FiGre) apd thepatierngeeratntikh to the rotatable
disc surface 106 (of FIIG 3ppiithereatweriting apetgpioase and frequency with the previously written

marks. In general, for ogfbs%v&(ﬁgé:;a%ﬂgﬁr{m?ﬁg%wfﬁg@@g%@éﬁn%égﬁ%%gds to the first

primary self-writing timing field 15 408 g the secondary se 420 by
activating the phég“éd ﬁ‘fé‘%@&l@%@cﬁ%wﬁ@ toprotatabledissmetace) (Fieh #848@urements for us in
calculating pBasesgfet i fient B ceatiani phaaehd e wan kiprewbaiB et the same as the
sum of the time that phase ure gate 404 is high for all primary., self-writing timing fields 408
between successlll\%%nc%roéls@ﬁréisr ‘é?‘gﬁr?gésé‘d?é@@g %%ﬁaﬁ%%ﬁ%% la%tﬁ\%?’éf .‘%cfor which the phase
measurement calufaeropinaiscidaivafsina el O ctaringatnogetseten802 pBromyprsiese self-write
process concludegef@n2aaec Bt eR a8 iRl Bf fRRSPIRGI 904 RGkehaRifRfifidC. 1) with the
occurrence of the final primary self- ritingr tf;ca%in%fij‘el .wit%i‘rl}fge F%Lé{?ef sea?x/o sector 406.
Conclusion of the} eé%‘éc?‘r%géﬁg?ﬁé%fnﬁﬁ RIS PR LS TRt RGeS arB3 AR B8 nsfer of the
measuremeifs thiswalyhsthiBsefitbedisds duvemelativel tose crndercifithcintatablBlislof Fi€nedlesd servo engine
148 and control praeessRtddd @l Feralcd R RNIBR AN Oh NG IMGARSRIRA!S to Servo engine
148 and control processor 144 (of FIG. Z)Iiir;he phase measurement circuit 170 (of FIGS. 6 or 7) of
self-write circuit 1¥F4BFERPEPISSERAN B prapina AT PunBEa] st dcltiehift phase
measurements oflal)rewaicknindey peopesiios willlsiers edd Gtedngahds rinadlerlid( (efck Maldg. It should be

noted that phase megsurement data gollected. to .calculate phase error is gathered from the repeating
pairs of primary air;?d sgggn%raof;ﬁsﬁ ?Pog %aaﬁ: 6%’31 Wdoﬁﬁ%ﬁﬁ%%egﬁb82001/023403 self
writing timingsfieldsréQ3 ek 4d ) rarinRIab eaei(Be=0), satidnifaspsiasdbardtdane error
measurements are taken on the repeating pairs of self-writing timing fields, writing additional
self-writing timingsi il sexons feor Wit pXawinus ¥ ivhittorresmeidingtin dranks dpfidids ksqan important
element in the successful implementatign 5 of the self-write process di}slcloa?d Qﬁrein. FIG. 9 shows

timing sequence &Y EFAORSEY TS ReH IR E0SeEs oRtAYes at step 808 where the e

element is position to a selected track k and phase lock of a servo write clock

generator phase locked loop circuit (such as 168) is obtained by reading the

20 previously written information, either clock fields or servo fields, on track k and
the phase correction signal vector Yy is determined based on the previously written
information.

In step 810 the self write process continues by writing a respective set of

secondary timing marks on track k+D while the servo write clock generator phase

25  locked loop circuit remains locked to the primary timing marks of track k, and
while phase correction signal vector Y is applied to a programmable delay (such
as 172). It is worth remembering at this point, that the track k+D being written in
step 810 is offset from selected track k by read element to write element radial
offset distance D. By the process in step, 810 the information fields including

30 secondary timing marks 410 and primary servo marks 418 are written aligned in

time and coherent in phase and frequency with the previously written information
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(of FIG. 3) for writing reference marks to a selected data track 120 (of FIG. 1) that aré%%asrgrég(g%
frequency coherent with reference marks previously written to the data track 120 (of FIG. 1). Shown

by the upper pyiiaehikaiiming sequence 10 charts 600, the primary s%\i%g'%gl/ﬁgﬁogeference
marks and the seﬁ%qg%r{ self- Writinglé[,imin field 4%& reference margg are each written to selected
data track 120 (GFEIEREY Ml e, iPRagks sg%ﬁétr]&B’feﬁ’r?éf TERRER BB circuit 168 (of
FIGS. 5,6 or 7) ofreteifbieidisgsuifacat 164 (of FIG. 3) is synchronized and locked to primary self-writing
timing fields 408. (of FIM%&?‘%J&@CQW%DB&EQ% %#:}ﬁil%@# ﬁ?eoslémcv@rﬁ@arts 600 shows

d pr f-writing timin

that the secondary servo field 420 reference marks an ary se g fields 408 (of FIG.

8) are each writtef1ag: SeRsEaton RbaRadacked boop rirouls iy ARiAipad fEip e rspedantiingBBerator phase
locked loop circuitndfi8 ¢HEdHdcidd. thack kar 7) of self- write circuit 164 (of FIG. 3) is synchronized and

locked to the secondar - riting-fiming field 410 (of FIG. 8). In.other words, viewing FIG. 8 and
FIG. 9 together, in'fo_rm)a&%?g#lé?sg\fl)\?r\%érg? %(?? gﬁfgg?(seqdc B%r{gl%erﬁ %%mnse?%'c‘{vélcﬁ %%ﬁ{ée e ??20 (of FIG. 1)
while the servo wittingpakeentpgkdiihubietasstounterlogk aweratsr phas leokedand 7) of self-write

circuit 164 (of FlGes} dfrdait kathiinibared e the sasdiiay exatiginARdorithce sRIwhiAd write clock
generator phase locked loop, circuit 168 (of FIG. 5) of self-write circuit 164 (of FIG. 3) still locked, the

phase measuremBHEEFUFFEoeRakTecter) Y fapnticd teipmgrramebindsiay: Jt 57888 offset between
servo write dlock gerk ieimnBfag tHeackeoiarkeDWhE 68ifieh I Gl 10f isofnsrkhircuit 164 (of FIG,
3) and the reference marks j evi ritten tq the rotatable disc syrf 106. An 30
appropriate compse?%eggﬁ%agégﬁgg ?ﬁ%ﬂo@#g}%fﬁ%%e?ﬁ%e%g%gvyg?ner%%@{ gafg% i%%t (of FIGS. 6 or 7),
this compensatingigfmaea s Bethepwgess vestrmid 41be prfageation e Nraenpisebofirtmoy2/035543
PCT/US2001/0234QB sl 08 SatvesiadhessfatinannelA8e{abifzed ahshibaqaattern generator
176 (of FIG. 3) on the next writing operation. E|G, 10 shows sglf-write process 800, a method of
writing an informa‘i?éﬁ’eﬂ%ﬁ%ﬁ&ﬁ%&&%ﬁ%@?‘k‘f@&éﬁ%f a‘f%‘%‘fﬁg(?g ace (such as 106),
5 aligned in tifne sewdmshetisnogmptis<d Gprdvieglyonitewittke pretdblesiisawitface. idfisomation field

(such has 408, 41841 %0%420) protia Ig1dise AUUaRBHAEA Bissebive (such as 100),

QJ&W@%@?
starting at process step 802. From pr%cessh step 802 the self-write %rocess continues in process step
C.

804 by measurin gf]fﬁ? error is measured by a phase measurement circuit (such as 170) and stored

temporarily in a vector W. The measurement of this AC component of the PLL

phase error is significant to the process of preserving the time alignment and

20  coherence of data to be written later with data written previously.

Now the self-write process proceeds to step 816 where a phase correction
signal vector Yy i8 calculated and then stored to be used for later timing
propagation cotrection so that the time alignment and frequency and phase
coherence of data to be written is maintained relative to previously written data.

25  This signal vector, Yy, is calculated from the AC component of the PLL phase
error stored in vector W, collected in the previous step, and from previous values
of signal vectors Yy. Later, as the propagation process continues, when the read
head is eventually placed over selected track k-+n this stored phase correction
signal vector is used as a correction vector applied to programmable delay. Next, at

30 step 818 a determination is whether any more tracks are to be written. If more
tracks are to be written the self write process proceeds to process step 820, where a
one is added to the track value k (k=k+1), and the process returns to process step
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difference D of a read element radius and write element radius of a read/write head 16%%%09399%)
of the disk drive relative to a center of the rotatable disk. The nearest integer portion of this
difference is thgr,Sgisas @ value n. Self-write process continues at prog?i?i@ﬁ(ﬁ /(2)32090by choosing a
track number of a data track (such as 120) at which timing propagation will star and’sf’oring this

number as a trackE U ARG cRntiues 1p Iorpbeeughdhedueess wHIAIFACks TERABiAGS it vector Yk 15
corresponding to ttackidhigoheitlie sif onfiilpridpsaarlisitidjionsak phpeeesostgrion signal vectors from

Yk+1, Yk+2, to YKk+n, CQyrg qg(g tracks, fram k to k+n., ar et to zero. The self write
process continues at ste 8%% w ég%}%%ﬁrgg% a&é&%ﬁ%%%sﬁé@oﬁgsgg é?i%gée {Fack k and phase
lock of a servo writEarséRGeasd g apesitioniagmedhsnisra vtiish drchidesadierd statkined by reading
the 20 previossly systheslyi(¥auinetion) ithevstedsiialeeQEaareiieidsatrtiagk k and the phase

correction signal vector Yk is determined basgd e.previously written _jnformation. In step 810 the
self write process’con ?r]?ﬁlgg %ﬁvrl?%geaa%rgss g@ﬁ%@éhé?lg?vgéoc%gwaﬁﬁiﬂécr‘ﬂﬁ ‘'on track k+D while
the servo write clddie disadrivmingiudesa wHtkoeheadelnopticirodia readiairits Kivkeel ttethronirmary timing

marks of track k, apeuw(iePRase)caiFsatinn alang) e rintarl BaRAlECkI QAR giamable delay
(such as 172). Itis worth r meﬂ{Bberin(g at this %grint, that the track k+D being written in step 810 is

offset from selectST AN LB HBAFEISWaHe A Gk fenermien BhtsEAgcked 19oR CHIMA FRISh85 By the process

in step, 810 e int68rfaticmfieliisgitintingifig Btittpcoriaeyctimirk @Guetka 408, 410) $12vary servo marks

418 are written ali i otl [ eqL it reviously written
b e ARG, K iasRang ratagen WiieR EUale

information 16 10 March 2005 WO 2092/03554 PCT/US200 403 that include primary
timing marks 408 'S8t 18} pazels foR infateation dsuch ge 408 b 0idd 20 A0 PRBIRMERE self-write process
continues to step @iikewhette tbratabledisy siefactos seniasaiatoh aaeHashes)ipep circuit is obtained

from the secondary timi rks of.selected tr cék. n step 814 the self write.process continues
again by writing tf%%?%ﬁ%ﬁ%%r%%%@&n%ﬁ%ﬁ grbtl\l}veh?ﬁéf%h%vglesrl\go WHite ¢ _(e)%:% generator phase

locked loop Hrculrnehesreburecs makdoshe seiatablewliseriyfaeniend mudtilexsntsuchie phase

correction signal uggjderiwiteiang bestenorensapne biardsiaye thimadaia rbR\ghegmembering that,
the track k+D bei%\évritteqirhste 81él&is offset from S%Iected fi\ck K, 1%%10f FIG 13 th thg read

clement to write 6 emeeSI r%I ?jla(fn(% Seert) ern generator, which are used for wri e data an
reference mark respectively to the rotatable disc surface of the disc drive.
It will be clear that the present invention is well adapted to attain the ends
20  and advantages mentioned as well as those inherent therein. While presently
preferred embodiments have been described for purposes of this disclosure,
numerous changes may be made which will readily suggest themselves to those
skilled in the art such as, the inclusion of the pulse detector circuit 174 (of FIG. 6),
the phase measurement circuit 170 (of FIG. 3), servo write clock generator phase
25  locked loop circuit 168 (of FIG. 3), the programmable delay circuit 172 (of FIG.
3), the pattern generator circuit 176 (of FIG. 5), the multiplexer circuit 178 (of
FIG. 3), and buffer memory 182 (of FIG. 3) within the read/write channel
electronics 186 (of FIG. 4) of disc drive 100 (of FIG. 1) or the inclusion of the self-
servo control and sequencing circuit 180 (of FIG. 3) and/or the inclusion of the
30 phase measurement circuit 170 (of FIG. 3) and the pattern generator circuit 176 (of
FIG. 5) within the control-sequencer 183 (of FIG. 4) of the disc drive 100 (of FIG.

1), which are encompassed in the spirit of the invention disclosed and as defined in
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distance D. By the process in step 814 the information fields comprised of primary m%%&{'ﬁ{&!fké%
and secondary servo marks 420 are written aligned in time and coherent in phase and frequency

with the inform@p%gﬁgﬁﬁomprised of the 15 secondary timing marks 4 vigusly written to the
rotatable disc surface. Also during the writing EE\rocess of self-write step ﬁﬁg’“ 2@‘2)%ponent of the

PLL phase errorths grpsadadelaims pndctthonghprefamedeapedimaithrye besnierittedtored temporarily

in a vector W. Thangneasibene néel Higif\Gneemaaios idofidie, Bitlstipitiae L @lelsi@gnificant to the
process of presering e fime lidnment and 20.caiersnc ol dalala beriien aterwith data
written prewously.aﬁownf e SLIPWte process proceeds to Step 816 witere a pﬁa%e correction signal
vector Yk+n is caleeinventionanthan beseéate oopsidesestidde eithinithersgonsrobthg dnnsatisgrrection so that
the time aligrgneng ﬁ%@@ﬂ%ﬁ@%éﬁ&i@aﬁﬁ% rangsencaatdaiad mbamwiilistrsipaintained relative to
previously written data. 25 This signal vector, Yk+n, is cagi%lgted from the AC component of the PLL

phase error storddFebEER AL Bt sRsfisaira RS iudef) a8 AEHYAI M Hvious values of signal
vectors Yk. Later, as the propagation process continues, when the read head is eventually placed
over selected track k+n this stored phase correction signal vector is used as a correction vector
applied to programmable delay. Next, at 30 step 818 a determination is whether any more tracks are
to be written. If more tracks are to be written the self write process proceeds to process step 820,
where a one is added to the track value k (k=k+1), and the process returns to process step 17 10
March 2005 WO 2002/035543 PCT/US2001/023403 808 and continues to loop through the process
until no tracks remain to be written, at which point the self write process ends the process at process
step 220. In a preferred embodiment a disc drive (such as 100) has a rotatable disc surface (such as
106) and a positioning mechanism, which includes a head stack 5 assembly (such as 110) and a
voice coil motor (such as 122), controlling a positionable read/write head (such as 118) relative to the
rotatable disc surface. The disc drive includes a write channel portion of a read/write channel
electronics circuit (such as 186), for writing data to the rotatable disc surface, self-write circuit (such
as 164) with a servo write clock generator phase locked loop circuit (such as 10 168) for controlling
timing for writing a reference mark (such as 408, 410, 412 or 420) to the rotatable disc surface, a
pulse detector circuit (such as 174) for creating logic level signals from information (such as 408,
410, 412 or 420) previously written to the rotatable disc surface, a pattern generator (such as 176)
for
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generating reference mark write signals from the logic level signals for use in 15 writirjrg M@'}%I?egggée
mark to the rotatable disc surface, and a multiplexer (such as 178) for switching between write
signals of thg WHEE6RR368) and reference mark write S|g.nals from the p?%)%ms %?/‘32@{9%“ which are
used for writing the data and the reference mark respectively to the rotatable disc sUrface of the disc
drive. It will be cleSfMSt the present invention is well adapted to attain the ends 20 and advantages

mentioned as well as those inkedasididerrRivingdtapits st yugiedaHed gusitadipents have been
i
11 S, CONLTQ L]

described for purpg of this losure. . humerous change be made which,will readily
suggest themselveses(% ose sg[q e%%pﬁéug?%ﬁéﬁaag%n&ﬁ%%ﬁ%ﬁeg rﬂ%%r ﬁ/@é&d%lfgctor circuit 174
(of FIG. 6), the plsadecenibgdipednizacemptirago (of FIG. 3), servo write clock generator phase 25
locked loop ciscuit 168 (Q%vﬁt@elﬁhn%l%&?eﬁmig%% siefak WiGkHitheadal b i rothedfle Patiern
generator circuit 176 (of FIG. 5), the multiplexer circuit 178 (of FIG. 3), and buffer memory 182 (of
FIG. 3) within the read/write c el &féctronics 186 (of FIG. 4) of disc drive 100 (of FIG. 1) or the
inclusion of the self- serytefswertee nzankl wetiereoctheroiatble 480 fofftesPrd)iding ntivd inclusion of the
30 phase measurement circuif e Dnhf - @ pockitigpaltermggnerator circuit 176 (of FIG. 5) within

the control-sequencer 183 (of FIG. 4) of the disc drive 100 (of IFIG’,. 1), which are encompassed in the
spirit of the invention didiER8IVE R cleck esmsaiorPhaselackionn FhpRibcoptr ling singfan
PCT/US2001M23403 the appsuriting tHetefereAsednakough preferred embodiments have been
depicted and described, i i i %?11 icati oaﬁ? it itutions and the like can be
made by those skilled igatﬂueijs ?eﬁl%t\}%%?gr}tc%t oﬁ%%%\gét §ﬁg%§@£§§%0@et egefﬁ]\nfgntion and are
therefore considered to be witBi#¥he scope of the invention 5 as defined in the appended claim. For
claims expressed in meapapki6-genetion fdpgenatiatRiiqeferimitenhii Wit SNeRI GiRhés excluded as
equivalent art. 19 10 March 2q95c\§{59312s902/1cs) 051,5ués}§inPC. ju§3zqug.402334nqgrk% 'rgs: 1. A disc drive
having a rotatable disc surfacé Ahd A po Ioning mec Aniem con rgli'l?ng a positionable read/write

head relativelfo the rotatable drfatablerfisesunfasediand drive comprising: 5 a write channel for generating
write signals for writing dagafgpibeer @ataMshing between write signals from the write channel

and reference mark write signals from the pattern generator for
writing the data and the reference mark, respectively, to the
rotatable disc surface of disc drive.

20
2. The disc drive of claim 1 further comprising:
a memory buffer for storing radial position correction tables and values for
writing the reference mark to the rotatable disc surface; and
a self-servo control and sequencing circuit synchronizing timing signals for
25 writing the reference mark to the rotatable disc surface.

3. The disc drive of claim 1 further comprising an information portion
previously written to the rotatable disc surface and a phase measurement circuit for
producing logic level signals from the information portion previously written to the

30 rotatable disc surface for use in determining a substantially accurate
circumferential position of the information portion previously written to the
rotatable disc surface.

20



disc surface; a reference mark written on the rotatable disc surface providing control Jrr?f(l)\%rﬂi]o%of%?
the positioning mechanism; a servo write clock generator phase lock loop circuit controlling timing for

10 writing the rg.fgrﬁ[bg@jgpgrk; a pulse detector qrcwt for creating Ioglg Iep\e:-;llnsJ 516}}0323%? the .
reference mark; a pattern generator for generating reference mark write signals from the logic level

signals for use in writing the reference mark to the 15 rotatable disc surface; and a multiplexer for
switching between writedsignafthé dise thiveviicapharfachenoshisisifyeeaadaibnalitgerdgials from the
pattern generator for itl FPE'I . d the.reference mark. re tiyely, ta the rotatable disc
surface of disc drRt)le.. %ﬁ ;E@ egglgs%%ﬁ%\?)él B)fe_c 3?&?3’1%%%%? Eﬁé&rﬁ%ﬁa%%% iﬁ%%‘él%na%ewa%%’f?er for storing
radial position cofdithdhazifsenaevaarkicrsaptiseswrilock fisld rspdrethe digsritrivetioe rotatable disc

surface; and 3 sekiysefivnice BN POCheRRYICADGIEIHRUFAYSIR QRN WREngIgHRals for 25 writing
the reference magaé&ict)h rojatable di ace, e disc drjve of clajm 1 furfher comprising an

f T j
information portion prer\ll%o%rje f§eﬁﬁﬁfgﬁi{3§t ! f%tﬁ'!latélﬁl s&i@@éﬁ?@c@%ﬁ?ﬂg A rement circuit

for producing logiwddiagusittiaidfpbasetbehéndatrwititibe gookifinld raditheshfonrittim tetten 30 rotatable
disc surface for uggJbEaiarmNRINEG herhaidtialy fegutate circumferential position of the information
portion previously written to the rotatable disc surface. 20 10 March 2005 WO 2002/035543
PCT/US2001/023403 4. The disc drive of claim 1 further comprising an additional reference mark, an
information @drtion previously Thetdise toithefdidtablartieccemirisiag anddditisthickfdaenceference mark

comprises a clock figld ise. drive . &gm jze Hm . WHLggLth ditional
reference mark Wﬁ%ﬁ#ﬁiﬁg %@ﬂﬁoﬁgﬁﬁﬁence ﬁn%?lgggt#ﬂéi%gﬁe%%%éé%g%e in substantial

time alignment affYR&qBEAIgeR-Rreazelling bearsifiming meqbrisnia st thersadwmition portion
previously writtenhkadhelatvatalie figtablerdiRaurface, and in which the reference mark

comprises a servo field used by the disc drive to synchronize timing of writing
15  while writing the additional reference mark to the rotatable disc surface in
substantial time alignment and frequency and phase coherent with the servo field

and the information portion previously written to the rotatable disc surface.

6. The disc drive of claim 1 further comprising an information portion
20 previously written to the rotatable disc surface, and which the servo write clock
generator phase lock loop circuit generates a clock signal for use in writing the
reference mark to the rotatable disc surface, and still further comprising a
programmable delay providing a delay signal for delaying the clock signal to attain
substantial time alignment and frequency and phase coherence between the
25  information portion previously written to the rotatable disc surface and the

reference mark written to the rotatable disc surface.

7. A method of writing an information field to a rotatable disc surface
aligned in time and coherent in phase and frequency with a previously written
30 information field of the rotatable disc surface using a read/write head of a disc

drive by steps comprising:
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10 5. The disc drive of claim 1 further comprising an additional reference mark, an inﬂOQMaﬁ%H 2005
portion previously written to the rotatable disc surface, and a servo control loop for controlling the

positioning meghawiesidaalion the read/write head relative to the rotatap&el.;ai&ﬁq%lagg, and in
which the reference mag%com rises a servo field used by the disc drive to synchronize timing of

writing 15 while writing fHe TSHEEA.P Birentednradiel ppitionielatirte aceatsroldden substantial time
alignment and frequency and pitaiebledise sarfios; tetinees e teadfiddthennghthevrifo eleaisan portion
previously written to the rotatalje.dise Suia %a@foIG? Sﬁﬁ%ﬂfﬁg‘%ﬁ%ﬁﬁiﬁ%ﬁ&‘#&gr c&@prising an
information portion 20 previously written to the rotatable disc Surface, and whic tt%e servo write clock
generator phase lock loop cir&?ﬁa@é}?&’é?é?ﬁa‘iﬂbck signal for use in writing the reference mark to the

rotatable discssurface, apyl stledtifigedan RRESNEAoRIARIATE bR dRIAeRaYiging a delay signal for
delaying the clock signal to attain . substantial.time align t and frequency a hase coherence
between the 25 information p(?r]{?(‘)'}‘l) lbs?g\ﬁgl}u‘s ymvggﬂ?eg#ﬁ%%?%?t% Peg&‘f&{%]?fg 2and the reference
mark written to the rotatable dizrsk anfbastting an initishplnssf coritietipmmalngo poreasponfiingtto a rotatable
disc surface aligned in time agg gas&eeaamaass@wiﬁz.;jsaﬁxnmaﬁgmusw written 30
information field of the rotatable disc surf using a read/write head of a disc drive by steps
comprising: 21 10 March 200%@%2%?&%% %23403 (a) measuring a difference in
radial positiohd, relative ¥)a pesitioningtthe rathelrioientlisincent tiessecletedaiun aracadidle ment and a write
element of the read/write heagl iphEitieg e dnfsmaticndeigkiodhsg Jolatakle disc surface; 5

(b) selecting a data track of the rotatable disc surface for reading the previously written information
field written to the selected dal2CRRLE ARgdhs Riexiourly; Biritin Saformatien 5814 At 8s¢Brresponding to
the selected data track, to zereitipgeinsirstimmtion fieling tHeaeclafrddatiardicia sisbathelected data

track; 10 (c) positioning the rewmﬁgﬁégﬁﬁﬁﬁeﬁgggﬁgggéﬁhg%ﬁ “\{lv&il%e obtaining a phase

lock of a servo write clock generator e lock “loop circuit'using the previously written information
field for use il writing the infoPFT Yiepftes inferamdendisldaandrack in substantial* alignment in time

and phase and frequengy) cehkithigihaififolfifation field to a second data track of the rotatable disc
surface substantially aligned in time and coherent in phase and

frequency with the previously written information field of the
selected data track, while maintaining the phase lock of the servo

20 write clock generator phase lock loop circuit to the previously
written information field.

8. The method of claim 7 in which the previously written information
field is a plurality of previously written information fields, the information field is
25  aplurality of information fields, the data track is a plurality of data tracks and in
which the steps further comprising:

(e) maintaining position of the read element adjacent the selected data
track while obtaining a phase lock of the servo write clock generator
phase lock loop circuit using a second previously written

30 information field sequential in time adjacent the previously written
information field and selected from the plurality of previously
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15 previously written information field; and (d) writing the information field to a secondlgei\(eLff%]cEC%)(l15
the rotatable disc surface substantially aligned in time and coherent in phase and frequency with the

previously writt@rpisyeyiasyign field of the selected data track, while main@p}ﬁg@%ggﬁse lock of the
servo 20 write clock generator phasge lock loop, circyit to the previousl fitten information field. 8.
The method of claim 7 in Whié’}mﬁ?é‘ﬂ‘rfgmgmﬁg‘ﬁﬁﬁf’ Wﬁ@%’?ﬁlg’%ﬁ?ﬁm of previously
written information fields, the fieldrseprintinfial trite 28 zqiuttelinfomafonfeltipn fields, the data track is a
plurality of data tracks agd wﬁtﬂgi%«lf ég&ﬁ ﬁ&i&ﬁ%%ff&m@éiiﬂ'ﬁt%%%ﬁl maiaiRieg position of the

e selecte

read element adjacent | Jata track while obtaining a phase lock of the servo write clock

generator phase lock loop cifBfrrmpisn deldarbilrmsiatiping fhemeesh kOIS feld sequential in

time adjaceng the previously wiiieelotkfgsisatiaplistdendspletat fdm seamiurality of previously 22

10 March 2005 WO 2002/035543 PCT/U.52001/02340 rifen information fields for use in writing a
Cf éen n%orm 3'1[?11‘15'1'%% Hle i Onﬁél?gﬁrfﬂat\}\?ﬁt?%%he second

second information field sequ%rﬁﬁléjlufryt?vrrﬁle fadjacen% . rmastlg)n i
information field sequential ina¢htheinforastion Seld e eashdnfaraatiamfields afrtheinlwglife phase lock of

the servo. 5 write clock genergigiroiassd dekdlo 8 siteHl irdhe66660d RIsMiaUaIly Written information
field, the second information field and the in‘iongation field are £ ch inform&}i&n gield%of the plurality
a

of information fields, the seco FHTEIPRSE %%%é? ?ﬁl?n ﬁ%eﬁ%vﬁlme &4 coherent in phase
and frequenk®y with the seconpréviopsbwiaittshy infiarmatiomfEatd off the feltted date tatdeted data track; (g)

maintaining position of {pe mmé%ggiﬁ&wgﬁgﬁ}g&;@d%t fiackieMiiasgquentially obtaining

a phase lock of the servo write clock generator phase Jock loop circuit using each of the previously

written information fields of thE3SK ¥R SEtsPaiaY AR & P9359 1eg AEBS AFE AL which each of
the plurality of previously writtiekpkmematt phafie idskusegiciscait gsing tathrofitnepatjmosyt a prior used
previously written information figld,of 16 BHYAENRTf the plurality of previously written

15 information fields, in which each of the plurality of previously

written information fields used is sequential in time adjacent a prior

used previously written information field of the plurality of

previously written information fields used as a bases for writing a

prior information field of the plurality of information fields written
20 to the selected data track;

(h) writing each of a subsequent information field of the plurality of
information fields sequential in time adjacent each prior written
information field while maintaining the phase lock of the servo
write clock generator phase lock loop circuit to each of a respective

25 sequential in time previously written information field of the
plurality of previously written information fields, each of the
subsequent information fields substantially aligned in time and
coherent in phase and frequency with each of the respective
sequential in time previously written information fields of the

30 plurality of previously written information fields of the selected data
track;
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previously written information fields used as a bases for writing a prior information fiezl'cg) (I)\‘fj?ﬁ%h 2005
plurality of information fields written 20 to the selected data track; (h) writing each of a subsequent

information fielgygf,Hisgadsglity of information fields sequential in time adjagenl sach, %g'or written
information field while maintaining the phase lock of the servo write clock generator phase lock loop

circuit to each of a resp&RividrBEsHe FRrd{ Wit herd te aitrsens drttpckadisrentdh®field of the plurality

of previously written informaticeléisid dataaciol) fiib second aatg wactt itme séieaddadaa autistantially

aligned in time and coherent ié}eoe ghs?a q%%%p%gr a%%} uév#% %%%th)gggfs,respective sequential in time

previously written information fields of the eviously written information fields of the
selected data track; 2330 Keasating ooy cieps (D bsmeh o theseatideninds @ddvancing the
read/write head to a seqendéAiaihaghaeiasep {ensalacietdalrticiake M RcRNGFdata track and
the selected data track are eggh data tracks of the plurality of data tracks; repeating process steps
(a) through (h) for the second gﬁxﬁagi ;° %ﬁa a%ﬁﬁ%g i 5 1?%?88?%‘%%%‘% ?57 ﬂﬁgﬁg‘ﬁ%h) for each of the
data tracks of the plurality of dzits srhetanett tiodhetenensl eelticiedsdatimizackf the disc drive subsequent to
the second selected data track. 9. The method of claim 8 in which the second data track is located at
a 10 radius from a center-of rgtation of the rqtatable disc surface of substantjally the radius of the

selected data from a cefter of FEtSRSPO LTI & i piRich de Seppaddeta tack is faeftef #rforence between
the read eledfent mudbis Hiowy A teete ofeotatidnid thesddtabiedive aokfids dDsubstentivdiythe of claim 8 in

which the second,ggla SRk dsidokaigih o Ladis JARAGENG, W4alaiaRse kg fotatable disc

surface of substantially the radius of the selected data from a center of rotation of the rotatable disc
surface in additidfsiRfEdiR) diffmrrachrtwesa fiadplemeniaul i aita Alemsat (5 element of the

read/write head. 2éad/write head.

15 10.  The method of claim 8 in which the second data track is located at a
radius from a center of rotation of the rotatable disc surface of substantially the
radius of the selected data from a center of rotation of the rotatable disc surface in
addition to the radial difference between the read element and the write element of
the read/write head.
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