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surface (106), a servo write clock generator phase lock loop circuit (168) controlling timing for writing the reference mark, a pulse
detector circuit (174) for creating logic level signals from the reference mark, a pattern generator (176) for generating reference mark
write signals from the logic level signals, a memory buffer (182) for storing radial position correction tables and values for writing
B the reference mark, and a self-servo control and sequencing circuit (180) synchronizing timing signals for writing the reference mark
to rotatable disc surface (106) of disc drive (100).

0 200



-.-.-.-...i.en J Memory Drive Electronics lin 14 162 In (57) Abstract: A disc drive (100)]\?/iMae{ﬁh 2005
information portion previously written on a rotatable disc surface (106), a servo write N clock
generator pha ircuit (168) controlling timing for writing a reference mark to the rotatable
disc surface (lﬁ?%é%%%‘t%ntial time alignment and phase and frequentgwc‘{gﬁ?é’?éﬁf%?ﬂw the
information portion previously written to the rotatable disc_surface %&mservo write clock
generator phase lock loop circ i i rence mark, a pulse
detector circuit (174) for creating log ' f%\{‘rﬁ Srg mark, a pattern generator
(176) for generatirlgefﬁggr_ggﬁc A 0 write signals from the logic level signals, a memory buffer (182)
for storing radial position correction tables and values for writing the reference mark, and a self-servo
control and sequencing &GRS APPListicsEmubpreny Wit dRiatesProvisicnplyrlivetiorence mark to
rotatable disc surfare €0/06), P@iHedDbiEbEE ) 2061) entitted; Integrated-Cirouit Systerrrfor-— -~ | Pulse
Detector 1 -1 Pha asur, t Pattern eratqr 17 PCT 4 1111111101111
11111111011101%%’}@{‘{5ffq%%%rl"?E:\L%‘i{ffﬁcﬁ?i?tf?fdl%eﬁf>6°1"isl°|"1 Bl 6‘1‘11%1111111 (10)
International Fublié®@6% 138 dilsé daverp b8 205 sutitled, PLES yienswith RIMEDeBRN Jose, CA 95124
(US). BELSER, Kabmpensaadsl. Drysdale Drive, San Jose, CA 95124-6306 (US). MURPHY, Robert,
D.; 7416 Park Place, Boulder, CO 80301 (US). (74) Agent: OLSON, Jonathan, E.; Seegate
Technology, Inc., Intellectual Property - COL2LGL, 389 Disc Drive, Long- mont, CO 80503 (US). (81)
Designated State<Fieldtofitiz In@tiéhE, GB, JP, KR, SG.

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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Servo fields written to the surface of the disc provide positional information
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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27,1990 to Janz. Iu':]se 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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or use In writing t%e %’?“egehce 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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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.
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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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particularly tolFIG. 1, shberHiSsislin iscantoplabbrpasitionid bylrperi@y ecmatmunteck ite2ccordance with

the present inventigg, J@m%qewiée%ﬁlHgm@@fawmﬁzﬁ?&wamﬁiSC drive 100

are not included in the following description as such are we hose skilled in the art and are

believed to be unrf@le:msTsH e pemeic e ldecarmstag bk a BrseehAssRb I L#P- Phe disc drive 100
includes a basedenieghdfcallp pertiashleaflionfmitlizpehwieddgmpsrebslise n2dudisgcalispinttp motor

assembly 104. TthﬁQ B]gclg} %8&56%%%%%% actuator coil 124 to complete the magnetic circuit
15  ofthe VCM 122. During operation of the disc drive 100, and under the control of

a servo control loop (not shown) current is passed through the coil 124, an

electromagnetic 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



104 supports at least one axially aligned rotatable disc surface 106 forming a disc st&&“ﬂ@écfh?s%%
referred to as a "disc pack"). Adjacent the disc stack 108 is an 25 actuator assembly 110 (also

referred to as agoBolliasksp’ a head stack assembly (HSA)), which pivo&p@g&@ Qﬂﬁary actuator
motor support 112 (also referred to as a "bearin&assembly") in a rotary fashion. %e SA 110

includes at least oR¥Yakirafdtedlen copentorhady ﬁ%“ﬁﬂ%%%‘%ﬂ?’ii‘ﬁ‘?“ggéﬁ Y588 rm 116 in turn
supports at least pasagaat/theiteaisaiielfled ¢irtant nsetiemgisticindedddB)thatidctespond to 30 each

disc surface 106. | r ite head.118 may be physic arated or
offset from the Wr%eizg %E%%&c}ﬁ%qnﬂc%gﬁlgﬁv%ﬁg%g%%ﬁ%ﬁg%g|Hl%§¥§r(§§f%eﬁ:§rigg£§% direction and
in a circumferentidPle ZERdiadge e etroarisconns WDy shyw) nmatedisbe01/023403 direction
(not shown). A relatidelidoathbBakdeticetds ThearanatuieasuramidienhasiRsrsrtny of modern

magneto-resistive head assemblies. In.additipn .a self- writin rvo propagatio vantage may be
achieved by use 0$“gl}gﬁtgﬁsgyﬁg{r§%%gg%lge een prrggﬁggg?iﬁarp@ge Wﬁg%%ad. Each disc
surface 106 is divigigd ® prmdiionseaditiaite senadle pesedhemieandbeacadmriseld@yitniynohe shown) over
which the read/wiiighepgs ikSamrasiianably. attacRnsk eontdlichiradRaailiar control

information are wrigten tp embedded servo fieldaglr‘l)ot separately shown). e embedded servo fields

)
separate a plurality'5t AR TEALEre st X SourRiths PRrtens tisdeatietiSdstore data. 10
The HSA 1106s covdilciaitheotitfaceaddxostnoticivemitradou dto diseatdvel 1. (also referred to as a "voice

coil motor assembly” (V : s} i i j ic field
generated by a m%gget Zils}{sgehrln%)liﬁ%gm ,gl %nqﬁ%ﬁé%ﬁﬁgﬁrﬁgg%g&@&@oﬁ%ﬁg% by a steel

plate 128 (also cafetfad s serabledy Mdafatiachedints E Rivatoricallvizatided rithite the
magnetic circuit 15he{HDe I @\ird 2id. HRA NP ahe Mdiini 22 Hae isdistpaek118, and under the control of

a servo control loop (notW&}o%égﬂtﬂgs%ﬁfﬁé%%vg%%% i%%)l gssﬁép%w . &Ig%tr rgagnetic field is

setup, which interacts wi e'magneticcircuit o e the actliator coil 124 to

move relativelfo tHOstiogingBechomm (nebssnaraielipirD Orsrating anden theremirol efsemorelationship.
As the actuator cododfiol 2O VABpibRammed With Biya s @lRutshe WaRHTeAs I8RO 112 (also referred

to as a primary actuatormotaor. support reb nirolling the position of t eads 118 relative to a
selected data traclgojf%r(?f(%??ﬁ'e .Séjegfﬂ ggtggl f@fé{‘ %%%ﬁslté?‘ll\r/l}geggﬁ#{ﬁ?processor 4‘?’ 2
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



loop (not shown) is an element of servo system 130 (not separately shown) that alsojiﬂch/lu%fgg 5005
positioning mechanism (not shown separately). The positioning 25 mechanism includes the HSA 110
and the VCM 1&%2];5%%5\_{0 control loop (not shown) includes servo Cop, §ﬂﬂi%g;]§ rammed into
a servo control circuit (not. shown) To provide the requisite electrical con uction etween the

read/write heads F9BHY &E&‘;"ﬁﬁ?f‘e"?@%’nﬁfﬁﬁ#@ e Qs 184dp snelamsortglsigntls fEgewires 30 (not
separately shown)bgriheafiotecitiva vhaditvisecfldixeciiogjfodifidnihesf ik desdatiid/rirtii@tcircuit 132 is

routed from the quﬂe pags ontainment
channel 134, then on to a f!ggl?tc%tg%gég)sr 7%%%%&%%0@%@%% {g %él%y% S2001/023403
body 136. The flex conngéﬁ)?’%ﬁ?ﬂ%@%ﬁ?ﬁm}@oﬂk@mﬂ?@ﬁqgw&}ﬁﬁghmf the read/write
flex circuit 1325thrqwgfaﬁd€blbﬁﬁﬁﬁ’@€&1&91?si§f‘ddﬂm Q!ﬁﬁiﬂ%bﬁﬁﬂﬂ%ﬂﬁ&ﬁ%ﬂﬂﬁ‘&fhﬁsﬁlﬁc drive printed
circuit board assemhly P#BAF)I[ S Sﬁi’cé £ ‘félrr\]/ electr%l%: %nt ; egﬂ %ﬁf:\ot shown)
mounted to the 5 un erside o ?1 ase 21? 65 e e rcm Pﬁaaﬁ' nel 134 also

supports read/wntéogv@fhp@itmmmmtm@ﬁﬁpﬂnw@mem(mnhmmn@mw condition

readiwrite signals pagmashipphesilic AU IRRINHIGRR AN TGSk IEvARK WEe heads 118
The electronic conjrol s% ?/*f rovides t?e%% § 2«5 read/wrlte cwcwa(y, WhICh controls the operation
89 B e ¢

of the heads 118, BERER S‘Hﬁﬁ‘é‘?rmﬁﬁlﬂf PR JHEE 100. The disc
drive 100 hasléwo lmhedllqumblﬁ FachREa¥Wsiinwh sh51Eh B denbtes htkdstize elesieirddly (HDA) 140

etached to the PO Tipitalycorkled WiHRS LR ARaE Nns iSO ABeIEN 122 and the

disc pack 108. Turnlng to FIG. 2, positional control of the heads 118 is providée he 15 positioning

mechanism (not s ﬂé?é?&?%%ﬂ?’aﬂé@{fh%‘&&"{h@&@hﬂ%*fs%"‘éﬂﬂ’tﬂcﬁ"dﬁéﬁ?@mz
programmed with dgrdiscaiivt b0 daaslihidtinprefsdive sarko(alworsfeiiabp. hefngratd control circuit

142 includ tro) I ication specific
mteglpe(l:t(lajd i?l‘(c::l(jl? r(,&%@clr gt)& %ﬁiﬁv}@(ﬁ%s%%w@%%ﬁé%%%%&ner %é&%a%%%%%:ﬁ%dude aZ20
digital signal Hoc&%?%@%ﬁd‘iﬂﬁ?&d@@%%@lﬁfgfﬁéWWI\M?GL@fF&CH@i?&?E?T@ﬁﬁl’og converter

(DAC)154 and a metas Hede (ol shiwhP6r pligRadlmiiendway iy liseravenoie 148, DSP 150 and

volatile memory 152 may allhe, SoNAISIINILCONTol RIOGENRNI s AlepgIponents of the

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



are utilized to facilitate track following algorithms for the HSA 110 (of FIG. 1) and 25 ?‘fpoMagﬁgc%ﬁ)(%ly
for controlling the VCM 122 in attaining positioning of the heads 118 relative to the selected data

track 120 (pf Fi%o Qozm%gemoqmatqr 146 cc_)ndltlons head position con{)rg_lfwgé)ororg%tég% transduced
from the disc 106 to provide position information of the heads 118 relative to the data track 120 (of

FIG. 1). The servo &itieristies gEthe infematipppatiaunaarrshiitierts thedispudiondddrocessor 144
in generating comudRIGs ig) adsprogainatise dklsinalst 3R Byed faMbiRaddog XAt iR seek
commands, and to_maintain position of. SA 110 (of FIG, 1).during data transfer operations. The
8 10 March 2005 Sﬁ&t?ﬁ?B%gﬁﬁg"Hﬁ'#ﬂ@%B#ﬁ%%&%E tgohrf%r%gﬁa &g%g%af ! rted by the
DAC 154 to analogEeimelan isidrinsl sefercpeempksHes srigbstantinlefi shmwait 28@ dehdienatiofy positioning of

thg he;:lds élgsegaébf%tﬁemqwlﬁaﬁm%% ﬁg@swa&ﬁ%f%ﬁl@ﬁpi&vefﬁmsd% 1610 (bdoth of
FIG. 1). FIG. 3 shows ctiopal block diagram of disc driv showing HDA 5 140, an
electronic control s 8f§.ﬁé@éd‘.’ﬁ‘ﬁ8ﬂﬁfb%ﬂﬂﬁ URSERF ﬁil@gé?ffji:QS)]/'&em 160 are drive electronics 162

and a self servo-write cird@bit prpgramniable delaictirdaitr iz reainteqtelaydicpinsi aijssabicof the invention
and may be combiggdgiha ARG BRIk e kSRR icu e 164 (shown

within the large broken line portion of FIG. 3) inCludes a servo write clock generator phase 10 locked

loop circuit 168. E&AT 85 Jh6wAeek sensratoritiastderked dopn it 168 be et P between
devices or furitionswifiphetlseffegaruoywfitte clkelifisidbizanwhid mgigsinfeptasetmb erpen as self-write

circuit 164). The selfaurk ,%&ﬂﬁs&%ﬂéﬂ%ﬁ &%yeﬁ;ﬁ% é\(&elé%qu&r %%%%‘%@ﬂ%rﬁ erence marks (also
e

referred to herein as an “information fiefd")(not shown) on the rotata ISc surface 106 (of FIG. 2).

The 15 reference risiR@inadiRethisteraiitsnt: smirsiegsexslydeter mvorpplats clods fekdsoFhsally servo fields
(not shown) or clogi#iriagdsnessan virouitsicd Rirbscutihedo QP denls QMg gastoReRedMIng

information regardigllg:tq.eﬂlee% S 1§ng0£toFrlGn'ag lrgllg&ii{)e %%ét'%q ég the djsc,surface 106 (of FIG. 2)

for writing of additional reference Marks Across e Suraca orthe rorata %bcﬁsc surface 106 (of FIG.

2) 20 during &3selfiprlaments-obapanadesand dighdanjef matrecioliimich e s tiedidni a pulse detector
circuit 170 (also refgixgchhasbsetedasch, M ase dppapst e ek it iymesidwiagehe self- write
pihoete 1 G CR EE R IR N I
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



25 The logic level signals are used in determining the substantially accurate circumfélr%rln\ﬂgf%gﬁ)lgﬁ
of the information portion previously written to the disc surface 106 (of FIG. 2). The phase

measurement GigYhddidss used in the self-writing process to measure E{ é[pe difference
between self writing reference marks written 30 to the disc surface 106 (o . 2) at different times.

The clock generatSVHHLLE Jo1Ke 9f Bt Shegasls Peiaeen it PR B HALLEIBKER loop or PLL
generates an accusateliedikwititewhdingl attditnial (pietonad ofitikdriva st teshideteation and 9 10

March 2005 WO 2002/035543.PCT. 3403 char ISt the information portion:
previously written to the %s%:ﬁgsugr)rf%cé%%%o%%g?&enﬁl)n%é}g:r@ggyfﬁ%@%ﬁ%{%ﬁgﬁ?&ﬂ%ﬁ? 2 is usedin
conjunction with tHngieasefhesslirentig renessh adorng Erénesigaalk reqvizadkfon tha selérential

alignment of gimilaiite fdbsdsiepeseedNankSeifforfd BSiant iakiakghenang spsugqigerence of 5 servo
fields to servo fields and clock.fields to glock fields, for servo fields and clock fields written on
adjacent data tracke L “(‘8?%5%8‘.“5?1 ac(les ;t)°r I@Qrﬁ%ﬁ%g &5?5?%%}&;&167@03&%%?& 0Eielay or phase

adjustable clock shypse rehed doofoeikcuit el auktpra obste diokiKngt shawm optesisitecked loop circuit
168. The clock geRprAGiRNR3e O6kfe: ReRdyael 4 G8pay drubsiaDRe iRrhleattiRbk the frequency

of the clock field bits ywhile maintaini hase and {ime accuracy, andFHas a gated phase detector

P
structure so that pREEHR EEaHopLabies AR lSEMERAt PRt g vrRR e selkdftitfed or incomplete
clock fields. Tide pivasssmeaEchimgthe tooittplexer Cirel/ 138 tasekaotbignds fnaldg paitbaligital mixed mode

ciruit, The clock agngralen faspilacliediap s 1 makalsaPads ibRlsmeled,as an analog

and digital mixed mode circuit, such as a traditional analog phase locked loop, or as a digital or
mostly digital circufttytitk ShereRsratieringheseigite Prratsdqdersddoop. The programmable delay
circuit 172 may be impldmeniktelaseainefeprid entboditienprgramaablodelagticiialicizathagr as a purely
digital circuit. 20 r GICUL, hi be eit r an.gnalog and digital
mixed mode c:irCl'JDih'Elg %l%g%%%agﬁs%&r}lnaﬁ%%H?é%élgstg}gg}%ﬁa%-?/?/rl g%%ﬁ%@ﬁ%%&%ﬁ%ﬁcuit pulse

detector and 1S de§igplegrnstaiayhastrecked lnop pirrit 498a du thet arperigosypmabla delphase and

frequency betweeniggliaeenissesuadiwinange RRlvaRNREeCAPEIDGKTR dfyinbRltethegenerator 176

s acireutt functiongly 25 Simlar o, pale ARDSralor GiC i, Yes b sielofoyeiraditional servo track

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



writers. The digital circuits of the pattern generator 176 are selected to achieve subst]a%ﬁg?mh 2005
coherence (low jitter and skew) between information portion previously written to the disc surface

106 (of FIG. 2)wgithiseey9 or clock fields, and a reference marks, eithq;cst%gﬂgfﬁe;o%e%g( fields, being

written to the disc surface 106 30 during the self-write process. The programma ay circuit 172
is used to adjust tROBRESOSOl MR Motk eder tomrf iRk e Preddssmlsstierl pattern
generator 176 duripgvipeoshé spikitite[ione asseMb il 0p R FIGI Muthd thd YEMVERM(HFLR Harch 2005 WO

2002/035543 PCTHS20 switch.the sgurce of write. signals between the pattern generator
176 and the normgh{%e 8%\/%@%}%%&&’?}5 Ve 20, THe re%’&%%g% gpfﬁgeggectm Jry

O C .
e channel electronics (not shown) o five electronics 162. A

self-servo control &Xeraiey il iegdcorctiite Sogtiorpipineipicalioncesions pithsditsisivs the self-writing
process and fayms140)ingigR SRt grivedhier agicrediiemsaness, dweResisher self-servo

control and sequencing ¢jircyit 180 synchronizes timing signals fo the clock signal generated by the
clock generator p esregﬁ@gﬁgaclj% pec}??ll:eﬁff%? f%%lﬁg‘ﬁt%étﬁéxw%%%m&%ﬂ%%e drive
electronics 162. A OGRES. Fambaven otlis peititgitgdnehatercirewit! 1l GIFEG ) fedivdr thesition correction

tables and intermegliateoyiadn@? thegehaning BmelMitRidO B6GERSS: in ClGRIRGIhFiRultiplexer circuit
178 to select signals from the pattern gzqnerg%or 176 enfil\?lle the writing of servo field patterns and

clock field patterndBlS® ST AREICHTRIA] FHiRFead R FREmSPSe Bkt PErEeRdY. in an alternate
preferred embodinvaitteproghartiseabiéactel 8¢ ©FfEIGE. 2).2 may be placed such that the delayed output

clock is connected back fqdhg JH&M ng C&%&(ﬁ%ﬁ?&gﬁg Qhd Eﬁ?ﬁ?gat?e?ﬂ circuit 168. In that
is included within

case programmable delay circuit 172 is inc _ the feedpack loop of the PLL which may
include the clock GERERIontsasetramsinoriraits eireadinrite shmek ertiomicsdRas
advantageous by alid\te glébie geaeratbppbgsciovkediiegictoyici6awtioh txnssieedbait of the loop

response charactefislics, lie slaplhdensialabhase aekedan. siou 20, 108.Inan another
alternate preferred embodiment the programmable delay circuit 172 may be placed immediately

following the pfilseSeléfwrte prasessitepo writmadditionshwriesigaalatethradise myfesecifi®172 will act
upon the signals frons desigalisthedeits whtsicidk dakratoh iSKh@Qdeksuh dhiteglaek ganerator phase

locked loop cifcit 408, s |aaf MRS SISl e HS s (D G MR ock diagram
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



not all of the circuitry present on the drive electronics 162 (of FIG. 3) is shown. In pa&&%ﬁf%@ow
interface electronics involved with connecting the disc drive to a host system are not shown. The

circuit systemsshpge Rks,4hose involved with the self-write process. A %@Lﬁﬁﬁiﬁl‘gncer 183 is
cked |

typically a digital circuit with a 30 few analog elements such as an analo {C% ase oop for
3"6’?5}?)38 Se]ébﬁntains one or more

producing a mulfie Ristadesk deamsystem R dclrden anradditiqnalarg
programmable ceipdiiét 202 eaacigdvidts aak el pdsohtosiymtce g mahisletandihikeit0 March 2005
WO 2002/03554 001/023403 program. contral n ry Motor drive tronics circuit 184
provides electric_gal S%lgc\;&%ﬁc% tﬁé{ %ﬁrﬁ?eﬁlnggﬁo%ea@ég?ﬁ f)gl)lj ‘_;184 %(g’ Fﬁ?%ﬁ%%g%g%?gM 122 (of FIG. 2)
during operationis afaplkediphaserloek oy clork sieaal/didas oyt ofdbe phaeeloddoakecutes either read

or write funciongigsiipgyRicAl operations of the disc drive 5 100. During the self-write process of a
preferred embodiment (&Iafe ite portion of . the read/write channel electronjcg 186 is switched out by
multiplexer circuit 178 Fo Iglv 9??%%&?%@%%&&%%’@# eé't%ﬁ?ﬁ Ch?filfé(fég%?% 3), however the
read portion of tlaadpbassmireselementsinduittio8iend 136 (efdSEy.ih adijlptsaifwiith pulse detector

circuit 174 (of FlGcqk (EASBEHits 55 efRiee iRATK R maet s atitenHe iR sise surface 106 (of
FIG. 2). FIG. 5 shows a block diagram r presentin,? the delays in the pattern generator 176, the read

channel portion S8 &PIEaRRIHATER owosrblagie SBronats e S £ ase locked loop
circuit 168 ifichand ssmensngirirckitingo (ofIGn3)o beostftedstayiish phaselddckafthtRLIeference mark

write signals the 5 selfuie pragssLSRalcIu s ardisanabulieNaRels phe disc surface

106. The design of the servo write cloc generatorc@hase ock loop system 168 and programmable

delay 172 comp&AEA22 isrerdicedane the strep raritscingl esperairadiee lasisdkomw fitshito the disc
surface 106 are pé3qefilIGheyand fhikenieianeger Halssopefaned shyavPiignikoitagisisc surface 106. 20
The self-write circuit 164.0f EIG.. 6 has the ability. t e elr bet\ﬁg en a voltage
controlled oscillaltlg)erélgggdrgédﬁfee g%%ggar%ug? gnr{)rxe\?lousiysgd/?%ﬁsz??;o{ﬁé%?gggﬁrfaceel% (of FIG. 5),

the ability td &ccaguiiy éfefalFAG RAsEomrached pn efdenys sesivstihe Sast-iRferencaaik164 and the
ability of multiplexipeiflesselsigaals tiadh @ oo sledectardd toUitréRAhin opaaiatp gegkorm automated

25 circultsystemygalblglions: Measuemenl. o Rhass ST R AL PUshEd Qi e

410 (also referred 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



phase measurement circuit 170 of the self-write circuit 164. The ability to delay a clo&%\{bq{ﬁho%%g
servo write clock generator phase locked loop circuit 168 is provided by programmable delay circuit

172 and the abiigy,gfmséiglexing, or switching, clock signals into the ph@éﬁ&%g@g&gmuit 192 is
provided by a 30 mult&iﬂg er 194. FIG, 7 shows a block diagram ofégservo write phase lock loop

system 200 whil& 40t OnBblashalanssrabtbe data agk LA (of TEG: (3PRINSER). Servo 12 10
March 2005 WOtROaRH236ma k416 ISL (i OrisdiR dvilite diffarieg arknigampesy simiz@0 includes an

addiional progragphie el el B0hhistRMHER A dolE hRUBs AR gIonal © the

multiplexer 194 used to switch clock signals into the phase detector circuit 198. Also shown by FIG.
7 is a locked phisenHen e ghirstixedgingiengkicmating sehpf RimarLasd seeondar [#888 clock portion
170. FIG. 8 shovfiziddundgrebaidld4)0 for the clock generator phase locked loop and phase
measurement circits 198 4nd L (QLFIGS 6.204.4) plspliurie. SUeU A LEIC 9. System
timing and phase error measttement IS derived from ates, which are provided from digital logic
synchronous to S8itSeredeshydha phasemessiuenerhejrenit d 0@ FEFS- 16erd). afiterdelf-to establish
phase lock of theygid cirifl 18468 S PRARE IO folaaaas MRsINaRIBIRVER? (also referred to as
PLL gate 402) is ysed to drive the serva write clock genergtor phase |ocked | circuit 168 (of FIG.
7) and phase mergiﬁﬁ?gcﬁﬁgrllﬁ)w éﬁr FARRRE e a‘ﬁ'ewfgﬂ? Emf&%%fﬁ the phase
measuremekt cirglif, b privkf Gs@ardmyckifwrdalg serite Addsifé L8t x@20D prei@uBly For each of an
odd servo sectorgfia it QRIS aHAO1 0 ([BBRGS S nditipgdingdis!d 408 (also referred to

herein as a "primary clock field" 408), precedes a second reference mark or secondary self-writing

timing field 410 {SRSSHEdhegtatehie ding sptacsJO84ALETS- Abimeietheraniand sbess8)%ollow a third

reference mark mﬁ@kwmmiwthemﬁeIMﬁeﬁpfm sﬂrmls_efﬁoesg_ehpseryo sector
414, the secondagy, sellaniting Hiing Itﬁﬂ?eéib]o%&%%ﬁé’ﬁ&ﬁaﬁmg%émﬁﬂi&m Hgpng field 408 and

may follow a servo track writer supplied field 412. For purposes of this disclosure it is noted that each

servo sectotdeitft8 Blging Be scrondanvselimaitingseavadield A0y sativatingthe BhREe substantially
between a successiserénient il Tof@EFIC TwrsRswalatasasmtias foraiiss 25 416.

calculating phase error. The time duration for each measurement is substantially

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



Included within each odd servo sector 406 is the primary self-write timing field 408, f&Pob()é&CHﬁ%
secondary self Writing timing field 410, followed by a fifth type reference mark or primary servo field
418, which is fQlgwme f¥sgsecond primary self-writing timing field 408, second secondary
self-writing tlmlng 30 T/ eId5 410 whic P{léroceeds a sixth type of reference nﬁar@smmmwgary

of secon
self-writing servéHEMring timingfirkds (A28 sad g Akpgriewaf rrsligaspasciiaBesanseBpetitive series of

a paired timing figlthsé @rrc PEBRBMaHOWeriRY &&B@%yéaiﬁgqﬂﬁ'ﬁ\df@ﬁ&ﬁﬂnylﬂﬁﬁhgm% WO
2002/035543 PC / 82001/02 fi i he balance of the dgta track 120 (of
FIG. 1) between e advénené rr%glr% quﬁ?l?mﬁ&g be uﬁéglr%%gg 0‘% rrﬁlvéoarlir%ng?ments of timing
fields and servo ﬁd&yﬁm@(@mm&%wmiﬂﬁﬁ@@w@élmnlqmelim@ntlon the
objec_ti_ve beil_ag a%f@wgames&%gsgﬁmﬁgﬁggﬁeconde;ry grrglrg 5 fie}l;)j%:nd seé\g fi(rellds.hThese
repetitive series o tlml%# airs (aJso referred to as cloc I[s) are.use the phase
measurement circuit 170 (6f B gﬁeg??ﬁcéeglé?ft |§t5s% Y ié% 611 he basis for
measuring phase(@Fdbe)t\fwemmecmermrkst@ﬂﬁemwwm&(nfrﬂ@ry)shﬂtwntmg timing
fields (408 or 10 444 o R REYRRSAERBRAN AR IEIIHBORERIISldsy Va6 Gl previously

written to the rotatable disc surface éof FIG. 5) and reference marks to be written to the rotatable
disc surface 106 fgferiesk é)"%‘?@%@hé}e P%%ﬁﬁ%@amw&%&ﬁ@mously written

marks. In gdierabhéats@dd, smmmmt@c&otﬁeldmamfmasmmann riseddagsptinds to the first

Dy e el 4R 95RlG.Re secaaa AR uILing sanelela20 by

activating the phase ﬁ easurement circuit 170 rocee measurements for us in

calculating phaseF3e: Th@h%@ﬁﬁﬁ%(ﬂdﬂ“f&%ﬁ&ﬂ%@?&%ﬁbﬁfeﬁ?@%@ﬂgmI’;ﬁgtlﬁ%fsame as the

sum of the time tmwsrasamyassme-@ﬁr@gd&@u& NéaltorIa Prisnshchasib-va idgdirdae fields 408
between successive addr%s rrark ls‘ﬁﬁ]&esj f%géjﬁ‘tﬁl tr k 120 (of FIG. 1) for which the phase
measurement cafCUlatione aré b (f Rase measu ement portion of the self-write

process contludes, for E@chwm@@mw@t@mw@mmee%é@owhw@@@ﬁ FIG. 1) with the
occurrence of thgeipaipyigeany sal mﬂ&&éﬂe&@ﬂaﬂ@%wﬁmﬂamewmﬁtgsm@gmr 406.

measurements (100G TG SOFSERD LEITFL AT O ALt DACRRBE &7 to servo engine
148 and control proiteskok gdderator 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

15



(of FIG. 2). Following transfer of the measurements to servo engine 148 and control E)PoMaasrgg'r%QPAIS
(of FIG. 2), the phase measurement circuit 170 (of FIGS. 6 or 7) of self-write circuit 164 (of FIG. 3) is

cleared in prepgigbigg d¥ssibsequent 30 sequential phase measuremen 9&1@&05%1‘%1@”9 servo
sectors of the selected data track 1215)%01‘{@*1 . It should be noted that phase measurement data
i

collected to calcGispraRerksra the @ISR s Ao BSTAIRF A7 secondary 14

10 March-2005 &I IO 3)0tihé det GritiadSataniti®i? 3403 self writing timing fields (408 and 410)

portion of each servo s r the. ] ] the repeating
$58 nfSS%§&EQ§5§%%§]§§§§@;_M&M%?}§?§§§§ #6000

pairs of self-writing timing fields, writin writing tim coherent with previously

written self-writindelthésh ﬁél‘&sﬁ%%%ﬁﬁﬁa%télém@ﬁbiﬁ@ﬁé%ém ahpdmentation 5 of the
self-write prosessiBisetDisatiiaiei doletent & phaswsdifiagarguancephasufytaed by the self-write

circuit 164 (of FIG..3) for writing referen k a selected datg tra 0(of FIG. 1) that are
phase and freque%%f}%%()%hoenrgl_ﬁ{tasgsl cg?é%%t%ﬁhi%&%@% )711 V\?r)igleeﬁ %iﬂjg’(%ae ‘éséq[a track 120 (of FIG.
1). Shown by the Suiges Qicrdisa Givutings d XD iutog at OroprsststaRO2ihBromipraegsservo field 418

reference marks gieg 402 B sQRNAIR SRbest/EtinaniETINgrigdsh 48P seivPReasaBaY@are each written to
selected data tragggézo %oé F#G. 1),when the servo, write Ioc%eneratﬁor ]e%h%se,lo ked loop circuit
168 (of FIGS. 5,6'0r 76t v -Wﬁ%ﬂw%%&&ﬂ’éﬁ%ﬁ’&%% %@H?(S’ AR R dto primary
self-writing thfing(fiellas408) ¢6fHe ldB dfiverélitivs td heduterenf for tiatablediskinTihemsegsience charts
600 shows that the: sECRIHEN. SRR 8ifE/ch42 IRISIARCE MAKS RskRrRapraedkvriting timing fields

408 (of FIG. 8) are each written to selected track 120-(of FIG. 1) when the seryo write clock
generator phase fSSRBUeREFOresit iR R0pdReesing iprknyphen el s Atte SrekS1dtor FIG. 3) is
synchronized and 28} letorhizlitimnbepmopkaayi e il Santratid gtowrinign thili @ldnbOagaf thaék v@8Judn other words,
viewing FIG. 8 and FIG. Qctogethei irg(#%rme_ti ngisliwritten to a selgftedtg%tion of selected data track
120 (of FIG. 1) while & L ENEY g’ IO gI%ne a%s’reﬁ?m%%ce?gcsk%l I‘(S%"p Cirduit 168 (of FIGS. 5, 6 and
7) of self-writg CicaiéshBAd(BS fol toack iss ket ke gbrl (w0 Guib adafticr A pRsséioftretdnvith 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 phasesigrahseromdontkguil Yied2(dd ¥ien, 6pisspording to tracks from k to k+n,

are all set to zero. The self write process continues at step 808 where the read
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

16



to identify the amount of phase offset between servo write clock generator phase Iocﬂ(gdvllgé?)hc?r%ﬁ
168 (of FIG. 5) of self-write circuit 164 (of FIG. 3) and the reference marks just previously written to

the rotatable digeShssasss&06. An 30 appropriate compensating offset isg@;f)ﬁﬁ)(a%med into

programmable deélﬁy 1%% %FIGS. 6 or.7), this or&%%%ating offset js then used to remove the

phase 15 10 Mard§' SO BR AP SRS i s /PRrER e R R BRen the read

channel 188 (of Fi@atS)adiscthefpattern generator 176 (of FIG. 3) on the next writing operation. FIG.

10 shows self-write prow,ﬁgglﬁvmgg%égg mﬁlﬂgeg{& Q@?m@reﬂ:ﬁps%% 408, 410, 418 or
gned In ti

420) to a rotatable disc surface (such as 106), 5 aligned in time and coherent in phase and frequency
with a previously HRRkgFaHRESofked leaprirpiibisokfainediramdhs sacnmyisr g, the rotatable disc
surface of a disc erivies (fselekl HAER kstarting at process step 802. From process step 802 the

self-write process conti | e 4 by m uring.t e differepce D of a read element
radius and write e!er_nerr#ﬂ r%%ﬁg)%%sr%eﬁé%;ﬁvﬁfgg %Qéya%%%ﬁc asq) ﬁ%r)lqb% *%SHFéﬁ"‘&‘ﬁve relative to a
center of the rotatiBiesansrksTndradaksBy whils dog ssoieivitsiclprk epfeaterabasetinskedave as a value n.

Self-write processogOéiiHitasnMin QLRSS 1BI2R S6nkx-¢ RRHSinthikd Akt )R8l Rhiedata track (such
as 120) at which tjiming progagation will start and storing this number as a track value k. Also at

process step 806BRASHAGP B veriaE Xisis Aenlisd tarrogrennabledelasn it @it ack k is set to zero
(Yk =0), andiedditienaralanbetiay ¢elaReSigaok VD g e islep Wi 2s #8fékfromcorresponding to
tracks from k to k+ re all settn z The self write.process cqntinues at step 808 where the read
element is positio%%%%%ﬁ%?e&?a‘&%%ﬁ(? %ﬁlgsrgaé)%lgr% g%%ﬁéigv{;l ee%ﬁé%%ﬁgoet?]sg?ator phase
locked loop circuidigitnes Bs Bpieiproesssiinetien B 1 thsi infoumation sauiprigefiefpiimerihation, either
clock fields or sengifiglgaranisam keatidat ScPRARRENIPOGIOWHSAali¥RsdGh Mk duetermined based
on the previously written .information. In step 810,the self write, process continues by writing a
respective set of %’é&eﬂ%ﬁﬁ%ﬁﬁiﬁbg%%lwg%ﬁ &Vﬁ%ﬁ?@%@%@%ﬁ%@%& generator phase
25 locked 1odd cirsgimdanydininguiads 43 Qipecpianshrytitieinty tharbisteble disk iyrfave. Whsle phase
correction signal yeginr iR aRIGELe 7 RIRIRRAHE Bl AR Bofks ke Biig worth

remembering at this point, that the track k+D being written in |
phase 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

17



step 810 is offset from selected track k by read element to write element radial offset]é)lé\/tlﬁ‘f(?g 50%?/
the process in step, 810 the information fields including 30 secondary timing marks 410 and primary
servo marks 438 4sEkigy aligned in time and coherent in phase and é;g@ggggc vgj,’thsthe previously
written information 16 10 March 2005 WO 2002/035543 PCT/US2001/02: efds thit include
primary timing ma3 s SIS eRtaues 0 oan HrRueh frarencrssril i Aragkrremaindols Jaitkbw the self-write

process continuestto/sithpéinPthuiseltwiiie priveswiiie e pricge ansrisspigselncked loop circuit is
obtained from the secorklqry iRy o5 Hakks;P! SEESISd URSk B Ep, S0 g el wrte process
continues again by writing the primary timing marks on track k+ lle‘the servo write clock

generator phase I38k&8 (feipaeikeO)end A ansifipning meehanismervbish dngludasahead sterlof track k, and
while phase sorrassiaibBigninh e ctiw) ¥idis vaelied dsP@RAW S, salayiikis again. 10 worth

remembering that, the track k+D bei ritten in 14 is offset from selected track k (120 of FIG
1) by the read ele ogﬁto %rﬁé‘%?‘énmezgetgﬁag ﬁ[ﬁgﬁ‘jﬁfm X ?@Wﬁ@%%ﬁé Afstep 814 the
information fields Eberinesbiyoinphides o/ wiitaichpumel patitd® S afovitcicinnsdrdectraiks 420 are written
aligned in time anglr&@NGIaNAS 48) 208 AHEh{ AR S A YoitHIE dRIMALOR AR camprised of the 15

secondary timing marks reviously wrijtten to the rotatable disc surface. Also during the writing
process of self-wr f@%‘@ﬁé&%@ha E‘%o\‘ﬁﬁ%ﬁ]@f‘% geerales phassiacked josp FirpHiL AR by a phase

measuremenOcircl68) frclonling Yiarukstoredtitgm pdezerbe maskyenth ndM0T, He0yei2strement of this
AC component of ) kit REASASIR R AIANIGAN dadbe RiGATR0h ISR AL me alianment

and 20 coherence of data tq be written later with data written previously. Now the self-write process
proceeds to step SEACIErEEpalh om drmaation (s1gh a3 $%H1 0y A2 oxd2Q)qriershind then stored to
be used for later tinnitten torihpagatible diseranties, apihehibadine GighBeveanyd frequency and phase

coherence of dat , 1_ | iptained relative to.previoysly.writt nd{iata. 25 This signal vector,
Yk+n, is calcuIatggéﬁeg%eg%%%é?nn%g}r?éﬁ%g*%%él‘_)fl S%a% lcger%lrssl%fﬁes hVEtor W, collected in

the previous Step vaiigidaTeitesnetmarkiiadhe srtaigiedise sustse rnd amnpltipletes (swobayation process
continues, when theyeadvwirndbavwesiuatis Blaatcour aaleakathblask keradhis sigked phase

correction Signal Y eIl I R AR bR SO Y Ol SPRUS L P QAR MERIE, JeFy, Next, at
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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30 step 818 a determination is whether any more tracks are to be written. If more tra&Qs'\Q?é% %%05
written the self write process proceeds to process step 820, where a one is added to the track value
k (k=k+1), and {He Bi9pssssreturns to process step 17 10 March 2005 W? 2/035543
PCT/US2001/023403 808 and continues to loop through the process un ﬁ:%% TR ain to be

written, at whichtbearpendedsipimsicnd alibeugh aeefrreeg raehodanants brwsshesndsnieted in a preferred
embodiment a digaddbseritfedeh dsaliiens madigiataal e difbns KibathiowadhOfkand a positioning
mechanism, which includes.a head stack.5 assembly (such as 110).and a vpice cqil motor (such as
122), controlling 5*‘6%51%"‘%%8 et r%sae(f%v?}ﬁelﬁet%cf SUE Yéﬁw‘%@&%ﬁ%@ﬁ) fe roetg?g(b%lgfgisc surface.
The disc drive indhedoeeatipnisadotra thestforn tomsidergd-tadetywithindhe propk efethe snvieicsircuit (such as
186), for writing d&t&ﬂm%@@ﬁﬁéﬁdm&h&ff%ﬁcﬁﬂk\é{ SUEHmBHG AT HedIVith a servo write

clock generator phase locked loop, circuit (such as 10 168) for controlling timing for writing a
reference mark (SAERRLETIBErtA11§d m s FPASEGARORHE X |8 GREYEIRLEE, 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 generating
reference mark write signals from the logic level signals for use in 15 writing the reference mark to the
rotatable disc surface, and a multiplexer (such as 178) for switching between write signals of the
write channel and reference mark write signals from the pattern generator, which are used for writing
the data and the 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
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FIG. 5) within the control-sequencer 183 (of FIG. 4) of the disc drive 100 (of FIG. 1), %\%Wr&ﬁ% 2005

encompassed in the spirit of the invention disclosed and as defined in 18 10 March 2005 WO

2002/035543 R phs 45444023403 the appended claims. And, although g)éffl(??rred embodiments have
stitu

been depicted and described in detail herein, modification, additions, su A1 the like can

be made by those“SM¥d in the relevant art without deviating from the spirit of the invention and are
therefore considered to he withidisehseonsag hetanetine st daiihegoatihamappended claim. For
claims expressed | %Fan-plu -function farmat, prigr art cited in this cification is excluded as
equivalent art. 19?% a?é%o%%gﬂ%a%fﬁ%ﬁgﬁ g&%ﬁﬁ%%ﬁ%&%&% r@&%s&f A disc drive
having a rotatableS#ileesthealiss driveaqrepsisinging mechanism controlling a positionable read/write
head relative $o the rotajabigedpmmevrin gendhBdisnif g A0 ToPHSines Jua YR dianse! for generating

write signals for writing data to the ﬁ’?‘%atable disc surface; a reference mark written on the rotatable
disc surface providing control dfﬁ otthation for the positioning mechanism; a servo write clock
generator phase lock loapebirendt oomkretitten timthertataile disetrugfabeprefddiueniralrk; a pulse detector

circuit for creating logic level sigRals#amihe."SIGIRREE Medtkigpattern generator for generating

reference mark write signals from the |ogic level signals for use in writing the reference mark to the
15 rotatable disc surfac@SSHA WHA MRS gereraio L Ren ATk feam risstihromireline miiiome write channel

and referencldmark write signaistingrhéhefgpeaitemagienerator for writing the data and the reference

mavk, respectively, to the, {RIATRRIGH Ry HR G abd RipR TR S futs RS RG Sl & claim 1 further
comprising:
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 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



a memory buffer for storing radial position correction tables and values for writing thelpe’f\é?éﬁ@@ﬂpgk
to the rotatable disc surface; and a self-servo control and sequencing circuit synchronizing timing
signals for 25 W@t%gzmgsggfer.ence mark to thg rotatabl'e disc surface. 38%@5192&?0%/9”\4/(% of claim 1
further comprising an information portion previously written to the rotatablé diSc YR and a phase
measurement circuit for producing logic level signals from the information portion previously written
to the 30 rotatable disc4surfacEhéatisesitiire optREMNgherachipitsibiaty alttsaierefseanaderential

position of the inf [on portign previously written ta the rotatabl fgi c surface. 20,10 March 2005
WO 2002/035543 b ot pradicus Vs,‘é'%?ﬁ’}‘e%?ﬁ&’é"?h%"% i °esr‘“c'%‘r’ﬁp?’f‘s9|ﬁ’é an additional

reference mark, 3higkgrerafsmesonish qorarrisesstylasitfisidipseddydhadistaldisdsurface, and in which

the reference snaggnrBpFEs G OCkdialgl tis et ihadisemes Mardownty Welighike timing of writing
the additional refergnce par while w itinr%}the g%jité%nal rﬁferen%sﬂmar,k to the rotatable disc surface
in substantial tim&GNGAMERt Sna ©HA6 QIR MR ALS LERSR DT BRRRIREMEThd the
information portiomdJregicney\andrithase eolienvwittathiectick fieldfand theGnforfaticdiportioive of claim 1
further comprising,apAdHtANR &feke RegAAlk #Hormation portion previously written to the
rotatable disc surface, and a servo control loop for controlling the positioning mechanism to align the
read/write head relative to the rotatable disc surface, and in which the reference mark comprises a
servo field udéd by the disc drihe tlissdnivh kfieiaimt infunth so fcarmipiiging madditionsitiafpidieaadditional
reference mark tq.{iig ratatahle.fise TG JnoSHPSIARIAL S AR AL ARAegiepcy and phase

coherent with the servo field and the information portion previously written to the rotatable disc
surface. 6. The difEYGrFPBtE! dpardor somtrpiling hsnositioping meshanisio to ghiandhe wadivaiifously written to
the rotatable disclradfestativartd thiriotutkibte v sdits Do Rkvitcietn esfpdacenagk loop circuit
generates a cloc&g' r}%legor use iﬁ Y\c/lritincgbthﬁler%g(car nee mar&}g the jotatabile disc surface, and still

g

further comprising a pro rammable dlgFay %row INg a%é’lgyl&gn%iz?&%ga?/lrvél%é clock signal to

attain substaptiaMthievantegtameddiipnal srfeisece metkiin tharolstabledise syefgen the 25 information
portion previouslysiyetieial titCalipiahail andi e gHenaCm&PpEhib Soherent 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:

21



reference mark written to the rotatable disc surface. 7. A method of writing an informa]t%rq/lﬁ‘é%]t%og o
rotatable disc surface aligned in time and coherent in phase and frequency with a previously written

30 information igJdsgi s ptatable disc surface using a read/write head P{S’f{t@ﬁ%l iye;by steps
comprising: 21 10 Marct%%OOS WQ 2002/035543 PCTIUS2001/023403 (a) measuring a difference in

radial position, relative 6% TSATBFRS #Ltieseaes Madiel ROFHOBRF eI A dR A coRenef e ment and a write
element of the read/write hearbfatahlediso surfticeg tbtevemdar raaticlanfigitkia theritotiaable disc surface; 5
(b) selecting a data track of thﬁfﬁ’x@é’aﬁﬁrgﬂ?ﬁ g&l%@gﬁf %ﬂ the. previously. written information
field written to the selected data track an seetting an ?rg{i‘zg?lp ggg@?&: ?Sﬁ%fgﬁ\g"’, %ce)rresponding to
the selected data track, to zer@ﬁt%ﬂéﬁ%ﬁi’éﬁ%r writing the information field to the selected data

track; 10 (c) positioning (B)e selactintendentaciasand ihatsataGiodeii fekaihdeeobtaining a phase

lock of a servo write clock generator phase lock. loop circyif using the previously written information
field for use in writing the info?rrﬁgt?gﬁ? i‘é’%ﬁgl S tlae e(fLi a h?%éﬂ%ﬁggﬂﬁg% Mt alignment in time

and phase and frequency coh&pekiapdaeting anipital phashcovrectionimébrenetrosspettingted (d) writing the
information field to a second dgksblagikilathgdatatalie g{%pwmgq ; quﬁgly aligned in time and
coherent in phase and frequ?{%g with [%‘%E ?ﬁre\%ousi%v@ﬁen information field of the selected data
track, while maintaining the pHAS&¥88 OJRRS S FRER Bk generator phase lock loop circuit to
the previoush written irfédripesitiontigthedeaielermet rahcint tainseledteduiitittiok whiteiously written
information field is a plurality gh@R{E%iOsSWTIE B RIQFANER Eﬁ@s%(gﬁg;a@;%tig field is 25 a

plurality of information fields, £the data track is a plurality of data tracks and in which the steps further
comprising: 30 (e) maintainin %@ﬁﬂﬁﬂtﬁ%mﬁaﬁgﬁﬁwpgm%@Fé@f@ﬂ‘ﬁ&i& track while
obtaining a phase lock of the settingniisénfdnaitige fielditokhe selected data track in substantial

alignment in time and phase and frequency coherent with the

15 previously written information field; and
(d) writing the information 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

22



phase lock loop circuit using a second previously written information field sequential iertM?ef%[bJ%%%%t
the previously written information field and selected from the plurality of previously 22 10 March 2005

WO 2002/0355¢:9 Rfe2l¢3453001/023403 written information fields for usq,&%ﬁg%ggoﬁgﬁcond
information field sequential in time adjacent th i f(%rmation field; (f) writing the second Iinformation
field sequential in time adjacefiB ?‘Hgﬂg?ﬁ H% S A BRck of the servo 5
write clock generator phase |dieldlempeniialiii timéelpeadtic infovinatidy fielidfen information field, the
second information fielgﬂag%ﬁm% iﬂg%@%ﬂﬁ%%é}ﬁlgu@ﬁeﬁ@ﬂ%d@ﬁﬂ'%é'ﬂﬁ%ﬁ {he plurality of

nd i su

information fields, the second information fiel bstantially” aligned in timeé and coherent in phase

and frequency with the secorifemmstisn;Seldiyhilsrasiniaipng hrahte et b 88ed data track: (g)
maintaining gosition of the reagiglemkiieacinccpiatedosk Roieeircldtao thackcstiile sequentially obtaining
a phase lock of the servo write_clock generator phase | lpap circuit psing.each, of the previously
written information fields of th%rep)‘ilt?}lﬁlk%/”gf?ﬁ%r\l}f%%% yovl%/r%%eﬁh%%s?r?f)(?r&rjn%%gﬁ ielt S?]iél) which each of
the plurality of previously wrigehtherrrmatensfisidareeagh infarmatian feldsifherligabtt a prior used
previously written information digigoahihenH eI e dtRVIGUShattRM nfomaEny fields used as a
bases for writing a prior infor%%it%mﬁ |d of H:e IIr))lura%li;%/q%infor ation fiel \ﬁ{itten 20 to the selected
data track; (h) writing each of BTSSRt i gqblﬁ?t%'li‘ﬁ} of intormation fields
sequential ildtime adjacent eagukvrisky writteminfoimratian delf olthesilsctad idataitrasly; the phase lock of the
servo write clock gene@;o;nqm%l% JRRR SHRNHlA ERARMR LA ISR RIS M dtaas@ ential in time

h

previously written information field of the plurality of previously written r{rl[gformation fields, each of the
subsequent information fieldst@GSYaItiseRIRE I g mine A RS Ioqk AL 9 STEYRRE S Nnd frequency with
each of the respective sequecitick gedanamypbasiolosk loopttdrcuit iingatickn dfdldprvibes30 plurality of

previously written information \yﬁ{%ﬁ ﬂ&&gﬁaﬁgﬁeﬁéﬁﬂ SaiR 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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track: 23 10 March 2005 WO 2002/035543 PCT/US2001/023403 (i) advancing the resiMAE %P0
a second data track adjacent the selected data track, the second data track and the selected data

track are eachylgiadsassssOf the plurality of data tracks; repeating proce;&.zﬁxg%@ggagough (h) for
ch of the dat

the second data track; and replicatir{g process steps (a) through (h) for ea a tracks of the

plurality of data tracks ofth@Feraging b rerdarrits head fqfecernd ditr Bagkisdisgerttito the second

selected data track. 9. The meidlako tiskairack, iheubichitheaseapnddibtsdienkdddnanicd at a 10 radius
from a center of rotation of thea{é)ggéﬁtal% iggkgu fﬁcelﬁg ai%ps%%gttﬁlrl the radius of the selected data

from a center of rotation of the rotatable disc sﬁr agg ess tﬂe radia ﬁfference between the read

element and the write el®ma&eReatinggraeeaisiopréahtizenghhy dorthesenent data tretiirang in which the

second data gack is locatpdeplisatiasiuscEse Slepsqe et Qipkip 6aoh Brenkiaiahigidise surface of
substantially the radius of thetﬁel ucrtaef1

data from a center of ratation of the rotatable disc surface in
addition to the radial difference %B Wee % (gatraea(f léﬁg enfogﬁﬁglﬁ ‘%ﬁ?éflﬁﬁgﬁf et%‘fzcthe read/write
head. 24 drive subsequent to the second selected data track.

9.  Themethod of claim 8 in which the second data track is located at a
10  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
less the radial difference between the read element and the write element of the
read/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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