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electromagnetic transducer carried on an air bearing slider. This slider acts in a cooperative

hydrodynamic relationship with a thin layer of air dragged along by the spinning discs to fly
the head assembly in a closely spaced relationship to the disc surface. In order to maintain
the proper flying relationship between the head assemblies and the discs, the head

25 assemblies are attached to and supported by head suspensions or flexures.

The actuator assembly used to move the heads from track to track has assumed many
forms historically, with most disc drives of the current generation incorporating an actuator
of the type referred to as a rotary voice coil actuator. A typical rotary voice coil actuator
consists of a pivot shaft fixedly attached to the disc drive housing base member closely

30 adjacent the outer diameter of the discs.” The pivot shaft is mounted such that its central
axis is normal to the plane of rotation of the discs. An actuator bearing housing is mounted
to the pivot shaft by an arrangement of precision ball bearing assemblies, and supports a flat
coil which is suspended in the magnetic field of an array of permanent magnets, which are

fixedly mounted to the disc drive housing base member. On the side of the actuator bearing
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information included in the servo data pattern. In typical servo systems, a servo header is
recorded at the beginning of each user data sector, which includes, among other
information, the track number and sector number, thus providing to the servo system a
25 continually updated status on the location of the actuator relative to the disc.

In some disc drives of the current generation, the data blocks are not only used to
store user data, but also can be used to provide tuning information to adapt a read/write
channel to the particular combination of recording medium and head for each disc surface.
It is common in such disc drives for the data block on the disc surface to include control

30 fields used to automatically adjust the gain of the write and read amplifiers used to control
the recording and recovery of user data. Thus, prior to any attempt to access user data, the
read/write channel is optimized for each access.

Moreover, data blocks typically include 2 synchronization (sync) field which enables
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30 . Wth increases in data storage densi
f |§9 ng ﬁgchﬁltngcﬁengmgs Hemdisc drive applications in the foreseeable future.

Likewise, the recording heads used in disc drives have evolved from monolithic

inductive heads to composite inductive heads (without and with metal-in-gap technology) to
thin-film heads fabricated using semi-conductor deposition techniques to the current
generation of thin-film heads incorporating inductive write and magneto-resistive (MR) read

25 elements. As will be recognized, MR heads detect the presence of magnetic flux reversals
on the discs by reacting to the presence of flux changes with a proportional change in
electrical resistance. The MR read element in such heads is biased with a constant low
level dc current, and induced resistance changes are readily detected as sensed changes in
the amount of voltage across the MR element.

30 With increases in data storage density and reductions in flying height of the heads,
disc drives are becoming increasingly sensitive to the effects of anomalous conditions
caused by defects associated with the media. Particularly, localized anomalies in the media

on a disc surface may provide insufficient magnetization characteristics to allow data to be
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of the disc surfaces, which can significantly degrade the capabilities of a disc drive to
reliably store and retrieve user data over the operational life of the drive.
Anomalous conditions that cause a distortion of the readback signal corresponding to
25 user data can often be compensated for by the error detection and correction circuitry of the
read/write channel; however, anomalous conditions that coincide with control fields used to
tune the channel can affect the ability of the channel to be properly set up for receipt of the
associated user data. More significantly, an anomalous condition coincident with the sync
field can prevent synchronization of the channel with the user data, preventing the disc
30 drive from retrieving the user data stored in a data block altogether.
Defect screening operations are typically performed on disc drives during
manufacturing to minimize the effects of anomalous conditions upon disc drive

performance. However, the fact that many anomalous conditions associated with disc
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#Q nar fiekbrfolowed by a second set of control fields comprising a secondary PLO field, a
secondary training field and a secondary sync field. User data and error correction code
(ECC) fields follow the secondary sync field and complete the data block.

When data synchronization and read channel tuning are successfully achieved during

the reading of the primary control fields, the generation of system sync signal for the data

25 channel is delayed to the end of the secondary control field time interval, thus ignoring the
effects of any anomalous condition encountered during the sscondary control field time
interval. However, when an anomalous condition is encountered during the primary control
field time interval, read channel synchronization and tuning are achieved from the
information provided during the secondary control field time interval.

30 Further, in accordance with a second preferred embodiment of the invention, a data
block format is provided having a first set of control fields comprising a PLO field, a
training field and a first sync field. A selected amount of user data is stored in a first user

data field following the first sync field. The remaining control field is then provided as a
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i on TBYieVHY the a§50RiafG%LItaR8Tel of FIG 2. FIG 4-1 is a representation

of a portion of a prior art data track, including a conventional

arrangenent of servo bl ocks and data bl ocks. 25 FIG 4-2is a

r epr eserBrigfiDescriptiom of the Beawings one of the prior art data blocks of FIG

4-1. FIG. 1 is a top plan view of a disc drive constructed in accordance with the

preferred embodiments of the present invention.

20 FIG. 2 is a functional block diagram of the disc drive of FIG. 1.

FIG. 3 is a functional block diagram of the read channel portion of the read/write
channel of FIG. 2.

FIG. 4-1 is a representation of a portion of a prior art data track, including a
conventional arrangement of servo blocks and data blocks.

25 FIG. 4-2 is a representation of the format of one of the prior art data blocks of FIG.
4-1.

FIG. 4-3 is a representation of the format of a non-contiguous prior art data block
coinciding in location with a servo block, the data block of FIG. 4-3 being split into two
portions, one immediately before and the other immediately after the servo block.

30 FIG. 4-4 is a timing diagram representative of timing windows established during a
read operation upon the prior art data block format of
FIG. 4-2.

FIG. 4-5 is a timing diagram representative of timing windows established during a



FIG 4-3is a representation of the format of a non-contiguous prior art
data bl ock coinciding in |ocation with a servo bl ock, the of
FIG 4-3 W&%ﬂ“%‘”ﬁl it into two portions, one imrediately be]g%érlgugdr@gﬁ?e

ot her imediately after the servo bl ock- 30 FIG 4-4is atimng
di agram representative of timng w ndows established during a read

oper at i dRadipperatine ugen dhe pHEr Addatabloek fematatef F3E. Bris ingwhich thegpcaprienre of
timng dj . | L 108G, W ' L. [ . WD
98/ 146 3% BUEAN LHRFRS 6P bk} Yhofthiohd BAAM PSS SThaRbAEARH %gﬁ; g8 in -
- 7- readhepatablocia upon the prior art data block format of FIG 4-2, in

whi ch the occurrence of a thermal asperity or other anomal ous condition
prevents synchi@n?-1aifiaofepiasemiation: ofiatdasci diivendaty hlogk fppaattedrn@ccordanges with
repgese ' RTINS matted in accordance with 5

a f'f’rst r%)?g gigﬁfg&egrﬁg%@%nugéét ogfﬂghgesgétggxg% tRJ|rnhvent lon. FIG 5-2 is atimng
di agr am r epr eBERt $2i ig e tirhirlg dingrgmirepeerastatied ab tisige eintowsnestliskaduring a
operation é;_f t he di %C drj ve, of FI? #Ithrough the yse of the data bl oc
format JeaEpperaton of ghexdisg dsive of FIG. o Wigoushatge as¢ pkfheedainblack darmat of KiGyg
w ndows g£st abli shed during a 10 read operation of the disc drive of FIG
1 through'the use of the data block format of FIG 5-1, wherein a thermal
asperity or OFIGrS5-8rionstiming diagdin represprtation b$ tindigg déhdovts extabdishdédeumtig aar y
sync word fromthe primary sync field of the data hlock. FIG 5-4 is a

ti M%ng cfiead Paﬁﬁaflearogé%nﬁas gt of Kl 1@%&#&8@8@9 H5 damBleck dprmg of Fiad
oper at i of110t;4e di rniHii Je! : I

format of IF}:v& Fhf{‘% th 5_1,a\égﬁ]rg&eirno@écrhﬂg?fﬁaﬂﬁﬂggggﬁog?‘? %\%fn(t)si grdégéﬁgﬂgloggée
condi t i cpriparyvsymeswordefromt the tpriomary fsyho fibldt dfethp dataeblyckand secondary sync

words fromt rimary and secondary sync.fields, respectively.. Fl .6 is a
fl ow di agr amhfggr %‘gg‘ﬁ%/al %‘r’tgh‘g‘a%fﬁ@r %%F??ﬁmﬁrfwéc ﬂtuml% Wd‘?qewl %Fat%p@d ‘%"i“?’g a
accor danggd Whbhtibh®f fthd fsc RFRE VTG, aiheslighBmnE wed of bR BiLBRRK foMANS PIG. 20

FIG 7 is a graph showing a statistical conparison of unrecoverable data
eriidrs expewberaind theimay asperitp ror mthexranogaiussioodikiof erenentsothe Me@ctian 2f oth

ar' ve daPs PEFBEK WPHReTa Fe-Rab i b prs ahE BRERER AP Biksboi ment
of the pegwefivelynvention.
FIG. 6 is a flow diagram representing the operation of the disc drive of FIG. 1 in
accordance with the first preferred embodiment of the present invention.
20 FIG. 7 is a graph showing a statistical comparison of unrecoverable data errors
experiencéd using the prior art data block format of FIG. 4-2 and the data block format of
FIG. 5-1.
FIG. 8-1 is a representation of a disc drive data block formatted in accordance with
a second preferred embodiment of the present invention.
25 FIG. 8-2 is a timing diagram representative of timing windows established during a
read operation of the disc drive of FIG. 1 through use of the data block format of FIG. 8-1.
FIG. 8-3 is a timing diagram representative of timing windows established during a
read operation of the disc drive of FIG. 1 through the use of the data block format of FIG.,
8-1, wherein a thermal asperity or other anomalous condition prevents the detection of a
30 first sync word from the first sync field of the data block.
FIG. 8-4 is a timing diagram representative of timing windows established during a
read operation of the disc drive of FIG. 1 through the use of the data block format of FIG.

8-1, wherein a thermal asperity or other anomalous condition prevents the detection of both



25 FIG 8-2is atimng diagramrepresentative of timng w ndows
establishﬁgJ riag a read operation of the disc drive of FlI Ledgh use
of the da a%ﬁgé(?l% format of FIG 8-1. EIG 8-3 is a timng %%%?%@17%
representative of timng wi ndows estabPished during a read operation of the
disc driyve,.of FI.G 1 through the use of the data bl ock format of FIG 8-1,
wher ei n 6 g ATt bR, WS dfort e Reand secanr e, iisprespariely nef the

det ect i Gata0hiosk 30 first sync word fromthe first sync field of the data
block. FIG 8-4 is a timng diagramrepresentative of timng w ndows

est abl i shed dtlG.Ryisaa flewddiagremarcpresenting the afiesationr dfvthe diiscRiriye ih ddeonlagte t he

use of the data block format.of. FIG .8-1, wherein a thermal asperity or
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cecond sync fi ol du P aes EefndithaP SRR AiSAR IR] Booh b fra drahpfil e

di agr amdisspiréeecef FKg 1 hedditienally iineludibg tahlpuflirsto sdréeneout theasecondiayrewotd h t he
second e dj f the.present invention. 5 Fl G

pr ovi deg’g %Bﬁé%??ﬁcodr}g}l% %ﬁ%&s gy(rgé}‘cgﬁfagpnat?%rtﬁ? gﬁ“osfyn‘f reerd of ghe. fizst sypc cﬁe%‘?he

di sc driofeh®fatkIblacklof BIfl g41onal |y i ncluding a buffer to screen out the
second sync word when the disc drive achieves synchronization fromthe
first sync word of the first sync field of the data block of FIG 8-1. 10
Dejgi | e%%?e@lb?{cliﬁgoﬁn order to set forth various aspects of the present

I nventi OTT, 1 hel pful to first briefly describe the construction

and oper ati ofin@rdé tdi se€ fohth veridud apedts of B PreSs Nhvdnf¥BNitivAiN BeShelpful to
particulfg_rl y.useful . Turning now to the drawi ngs and nore particularly to

FIG 1, fusdmiethhdessripe ithe gonsispction and ppesption efia discalrivesia which ghel present

constru AR [ tth the presently preferred enbodi nents of the
pr esent %ﬁgggilﬁﬁ%'%ﬂg&s%ri ve 100 includes a base deck 102 to which
various di sc Thrhing mowpotiendrawinge amdunérechaztichialy ap FIGY &) shovh thefdisHs iaop
sh inla aré{fal cut-a %Pf ashi on({p expose sel ected conponents of

i mter esPABAYIEY %dﬁﬁﬁr@\éﬁl Copsiuaied ipsaqeqrdages Withybe pagsepiiaprefered of FI G
1, it WehiboBfndR@6f thé pradeR Hveadod. N atheldi& @ﬁf@ : ates
with the top cover 104 to provi d% an ienterna ,lgtzgﬁé gr?vl?ars%%rgr%lg?ﬁ?gér t he
di sc dr iwhichi garioustdis duve compeneintisaredneikntédand s tap spverdlOd, mticir is(shiosuanin a
O Pl Okt oD, RoBiete ey celindleRt oriRitretl. ATHERER Dot Shpticicty

illustrated in the top plan view of FIG. 1, it will be readily understood that the base deck

20 102 cooperates with the top cover 104 to provide an internal, sealed environment for the

disc drive 100.
Mounted to the base deck 102 is a spindle motor (shown generally at 106) to which

a plurality of discs 108 are mounted for rotation at a constant high speed. Adjacent the
discs 108 is an actuator assembly 110 which pivots about a cartridge bearing assembly 112

25 in a rotary fashion. The actuator assembly 110 includes actuator arms 114 which support
flexures 116. The flexures 116 in turn support heads 118, with each of the heads 118
corresponding to a surface of one of the discs 108. As provided hereinabove, the heads 118
are positionably located over data tracks (not shown) of the discs 108 in order to read data
from and write data to the tracks. At such time that the disc drive 100 is not in use, the

30 heads 118 are moved to landing zones (denoted at broken line 120), which are located in
FIG. 1 near the inner diameter of the discs 108. A latching arrangement (a pin of which is

shown at 122) is used to secure the actuator assembly 110 when the heads 118 are moved to

the landing zones 120.



di scs 108 is an actuator assenbly 110 which pivots about a cartridge
bearing assenbly 112 25 in arotary fashion. The actuat BS y 110

i ncl udesWAPEABr arms 114 which support flexures 116. The&; exu?lgégsllG in
turn support heads 118, with each of -Phe heads 118 corresponding to a
surface of one of the discs 108. As provided herei nabove, the heads 118 are
posi t i onabl YConsEingIwiRdI Gy ds dbe peuMar assembbn i s eantraliably pesitiansd by web der
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di aneter of the discs 1Q8. A | atching arrageg?eﬂrrent (a.pi_n, of which is shown
at 122)cureent ifcppssesl dueughotheetugiar sRilok26, a8 signtspmagnetih Bald; issehup dhereing ar e

d to.: i s 3 .
Pk sodk GusARE' iS00 ettt ircuichlP BBV 24, consing she actuatpr assemply o
cont r ol 11@bbpipstsabouptiecapridge beafingassombly 11 hndriieoticadYTIR t6 moove 4268 @kl ¥

at 124) conprising_an actuator coil 126 imrersed in the nagnetic field
gener atuifagrs of thedlises. one per manent nmagnet 128. \Wen current is passed

t hrough t he . e . ] | ' ' t in5
whi cho it or o BEAY e Hebuik 0 oicBicHl STRLLAROBEN Depishlne el 1 Palq G1E
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t he heads 118 to nove acros g‘he surfaces of the discs. Ttg provi de the
r &Qui siacBaETessembly| HORembr dradsat is alpneibe dlexieesdgand the aghatari amsdtidve
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routed on t act uat or asse m t he heads 118, along the
f 1 exur gradd 6 adhek titmitbbtardtld? vdricks isldotmecied td b dlexciibvteomi 134awhimdibteymit@Gs at

Particul grly, the head wr ar ecured to cqrr dj.n ads of. a.fle
Ci rc:Ji ;Ja ﬁ%?ﬁwsgr%ﬁ%ﬁg-sﬁ% ﬁgﬁﬁ@ﬂ%irﬁu‘é ap§e l}.‘ 5353’3@&@%85&9%“%%?%?%
at a flgexy&dy GliakbnBfR? Hseimth3 610 BAYS: pridted kiredit bbi@linor ud to the

facilitates conmunication between the actuator assenbly ;18 and a printed
citf cui tundemside ¢fihe discodmye MMlint s wild beltecaghized, thedpristed sirohit thieardd (RCEBYr i ve

100. wll be recpgnized h rinted circuit board (PCB) houses the
contrélsl_‘oélpeesctthf’(?ﬂf“ég %S?HYIH%S fﬂrggggfsf éwfg&.ro' FIG 2 provides a functional

bl ock di agr apf2 plvidisseigeiivml bitkQfiagrhfa oflthe &Y @iNe/ 10BN ELGE, bpebliost
conmputer 140. As shown in FIG 2, the disc drive 100 generally conprises a

spi ndl ecospentebto & hpstigompder 149. sAs shownir FIG. @i thaudisc daixe 400 senerdlly/ write
C o S 2R IES ol BSE AT NPATOEEO ) g
coOt r ol 6! Al opeeibl comneofeditbassyseid procksor 150, It will be recognized that the
system processor 150 communicates with and controls the operation of these circuits in a
known manner, with the exceptions as discussed below. Additionally, an interface circuit
152 is shown connected to the read/write channel 146 and to the system processor 150, with
the interface circuit 152 serving as a conventional data interface and buffer for the disc
25 drive. The interface circuit 152 includes a sequencer (not separately shown) which
comprises hardware used to establish varying timing sequences during the operation of the
read/write channel 146.
As will be recognized, the spindle control circuit 142 controls the rotational speed of
the spindle motor 106 (FIG. 1) in a conventional manner. For additional discussion
30 regarding spindle control circuits, see United States Patent No. 5,631,999 issued May 20,
1997 to Dinsmore, assigned to the assignee of the present invention.
The servo control circuit 144 of FIG. 2 is shown to receive servo position

information from the head 118 and, in response thereto, provides a correction signal to the



known manner, with the exceptions as di scussed below. Additionally, an
interfacewﬁiggﬁ)‘yég 152 i s shown connect gad to the read/ wit epelhanpei7edst6 and

to the system processor 150, with the_llonterface circuit 152 serving as a
conventional data interface and buffer for the disc 25 drive. The

I nterface cjrcuit.,152 includes.a s en not _separat.el y. s j.ch
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regar di I ndl e control circujt see United States. Patent . 5,631, 999
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PCT/ US97 /.. - r | | L ti.op the head 118

i th redbARE Ry edRRd 8 B Binced e b Yeb hech An 3B Rty B bl o
servo sysmteach o€ ey ahdkg, @nivii b rdadfly uberefood thdtahé brederet invértRags @bt ke di scs
108 as a servo surface, fromwhich the alignnment of the remaining heads
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servo systemso that both user data and, servo information are stored on
each of 2f¥ignedrtactRe assigneg; of) the PreseR{inventidRder st ood that the present

i nvention is t Wagl b i i r i i
o vo. Suat o BreafyriP el 196 ofétdics 6'Miee UaRCHdpE Qs RAFIMY R By
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[ ed ust, 4, 1992 to Wi spfennin t al., .baoth of these references
bolhg o Qe RGNS RS HEEBRRE! BY diiad TBdn e lhtverh et | ¢ e
channel g%ﬂﬁm@ R AdettdCeridi b aftadide 108! @)r&kﬁ&d ) the TREHBASE stoved B8ta data

provided to the channel fromthe interface circuit” 152 by encodi ng and
seri al i arqettiered1By the mbad/avrite ¢hepmet il 46 by geconsructingcthe datat fromi the zeadl $ignalhe

head 118 to l.ecti vel netize .portions gf a.selected track o he.. di sc
105, CorehSnEdbnge ad nB R Bor et dPEn r. B OB on I isiod e

r ead/ wr icperatibadfiche 148/ Wter @RaAE t146GhiaBrifiRediitia el proferitd ¢rRbsiimbAS IS
generated by the head 118 as _the head passes over the selected track on the

di & 108be micsers jayentionidliba discuseaddingretter defailbelow46 in accordance with
the preferr ecit W %Q'x{ifi?éat tﬁapfhe various operations of the disc drive 100 are controlled by the

system processor 150, in accordance with programming stored in memory (MEM) 154.

Those skilled in the art will recognize that typical disc drives include additional circuitry
and functions beyond those delineated above, but such are only of general interest to the
25 present discussion and accordingly do not warrant further description herein.

Referring now to FIG. 3, shown therein is a functional block diagram of a read
channel 160 of the disc drive 100, the read channel 160 constituting the readback portion of
the read/write channel 146 of FIG. 2. It will be recognized that additional components and
features may typically be provided in the read channel 160 and further, selected operations

30 of several of the components disclosed in FIG. 3 are controlled with inputs provided from,
for example, the system processor 150 and the interface circuit 152 of FIG. 2; however, the
read channel 160 of FIG. 3 is sufficiently detailed, in conjunction with the following

description, to readily facilitate a thorough understanding of the present invention.



20 the present invention will be discussed in greater detail below It
wll be noted that the various operations of the disc drive

controll eﬁorﬂfllf‘?‘?é system processor 150, in accordance with Br&ggjrsg{r@iﬁ%‘g
stored in nenory (MEM 154. Those skil-léd in the art will recognize that
typical disc drives include additional circuitry and functions beyond those
del i neat ed abbheereadphasugd H 6Qrepiays partial easponse, immxamusy likelihopd (PRML) signal
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constitu t he readback portion of the read/wite channel 146 of FIG 2.
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circuit 152 of FIG 2; however, the read channel 160 FIG 3 is )
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- 11-  ThefraegshsvBaan equalizr/ et oycuip Gotietimes e8sOssiBmoiBXlerdtied i@l 4 hapie
(PRM.) signal processing, which as will be recognized involves tine-donain
eqlfl i zdmpylse JaEPONSS

f cireih cir diRz &t iNpresver; elfrsyaehrenigation grvelveded by the
head 11 I CJs ' ' . i S: t
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desi r ed whictlyehriemzeh aesult of thespeédref denmitatingsdiedand thesmdial pobiEbh of tlkess PR- 4
detection. Reshaping.the readback signal allows intersynbol interference

(1Sl) t@sweigtediheady Ixpicabys s |sgl{-sygalaqomzla3w AyastieYedipheougbdhe veg gf a phase
decodin t h : | | LR kN
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eql@l i zeppfapriaer momrents and formthe isneseqads aecaoveny of vha sthredrdada fromatheasantples t e
10 I npul se response"” circui or. ). reover, .self-synchroni zati.on
nvol veDVSYRERT BT Je0t Rt MitetBeb PEMI el PhagBeCinpISPemaRHE Faciegroed.

i ncom ngof eRdhMEK irf UNiad Startdd PEEntRbI 8485760, liGakd Tufd 6! 1995 REAELOH ef BE
rotating disc and the radial position of the associ ated head. Typically,
such sel(figitshtrhnsyersaheijealizes, timingeansiidededengiincuite), Iduitesk States Rasant Nss ked

si gnal o 585457 ERORRRER 17, 3885 ) W08 Fin e, (3508 MBulpR 4B 588, e
st20 ed dalaUhitednStates Patenip s $$928%0 adsuad Yampkp 7, d99P ¢ Minkhiacdtiat.adankichL
read channel inplenentations are discussed, for exanple, in United States

Pat ent NEpnswersgl eqrabizer ciepyitey)) thfelager 190 Heing oabigned tetheagssignee of the present
invention. It will be readily understood, however, that although the present invention is
particularly suited to a channel employing PRML signal processing, the present invention is
not so limited.

25 Continuing with FIG. 3, the read channel 160 is shown to comprise a threshold
detector and preamp circuit 162 (hereinafter also referred to as "preamp") which operates to
monitor the variatidns in the read voltage sensed across the MR element of the head 118,
which is identified in FIG. 3 as an MR head. The preamp 162 provides threshold
detection, preamplification and frequency domain filtering of the signal provided by the

30 head 118.

More particularly, the preamp 162 monitors the variations in magnitude of voltage
across the MR element of the head 118 and provides indications when the voltage exceeds a

predetermined threshold bounding the nominal read voltage. Such detection is useful, for



(digital transversal equalizer, timng and decoder circuitry), United
States P s 5, 459, 757 issued Cctober 17, 1995 to M nulpiysdl/ 18653
(anal og tim’ng and decoder circuitry) and United States Patent No.
5,592, 340 i ssued January 7, 1997 to MTuhin et al. (anal og transversal
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signal processing, the present inventionis not so limted. 25
Cont i nuithxgshw!d hakibeen 3xcaeded.r ead channel 160 is shown to conprise a
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boundi ng the nom nal read voltage. Such detection is useful, for WO
08/ 14936 The preamp 162 further preferably includes a high pass frequency dopgiin fid@Ting 7653
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possi ble tq the heads 118. The pre 162 further preferably includes a
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event . Misassgdritelowl arly, by choosing a suitable cutoff frequency, the

durational efjfects a typic t hermal .asperity.event can, be. reduced from
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a reduction in the nunber of affected bytes from 50-125 bytes down to about
8-23 may be desirable to use a different cutoff frequency value for different zones in a disc drive

employing the use of zone bit recording (ZBR).
Continuing with FIG. 3, the filtered output signal from the preamp 162 is provided
to a variable gain amplifier (VGA) 164, which typically includes automatic gain control
(AGC) to maintain a nominal signal amplitude for the remainder of the read channel 160.
25 Additionally, the VGA 164 can be set to a fixed gain, useful during certain types of error
recovery operations.
The amplified signal is then prefiltered by an adaptive prefilter 166 which generally
operates as a low pass filter to remove higher frequency noise components from the signal.
The frequency domain filtering characteristics of the adaptive prefilter 166 can be readily
30 controlled through the use of control inputs (not shown) provided by, for example, the
system processor 150.
The filtered output of the adaptive prefilter 166 is provided to a sample and hold

circuit 168, which as will be recognized provides a series of discrete analog values in



bytes, which is well within the error correction capability of the read
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programmable inputs, so that particular target sync word patterns can be provided to the
20 sync word detector 178 for each data sequence.

After passing through the sync word detector 178, the data sequence is provided to
an 8/9 decoder 180, which converts each set of 9 bits stored to the disc 108 back to the
original 8 bits of input data to remove the run length limited (RLL) encoding used to ensure
reliable timing during the read recovery process. Although 8/9 encoding has been

25 disclosed, it will be understood that other encoding rates can readily be utilized, such as
16/17. The output from the 8/9 decoder 178, which is typically characterized as a series of
n-bit words, or symbols, is provided to a descrambler 182, which performs a selected
logical operation upon each symbol using a set of descrambling words (or "keys") that
rotate through a known sequence.

30 As will be recognized, the keys are initially used during a write operation to

scramble the input sequence; such scrambling is typically used to randomize the data
sequence, as it is known that PRML read channels (such as 160) can have widely varying

error rates depending upon the receipt of particular data patterns. Thus, as the descrambler
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illegal combinations can be detected and up to a selected number of the data symbols in

such words can be changed in order to correct the presence of read errors therein. Once
the data has been corrected, the code bits are stripped, allowing the originally recorded data
to be output by the ECC circuit 184 to the interface circuit 152 and then on to the host

25 computer 140. The ECC circuit is preferably implemented in hardware so that on-the-fly
detection and correction can take place without the need for firmware intervention.

As will be recognized, different algorithms, or levels of ECC correction, can be
used with the same encoding scheme to detect and correct different numbers of errors in the
retrieved encoded words, or to provide different probabilities of detection and correction.

30 Risks associated with ECC correction generally include both the erroneous correction of
correct data and the non-detection of read errors in the retrieved data. Thus, an optimal
level of ECC correction is typically chosen which balances the number of correctable

errors, the probability of miscorrection of errors and the probability of misdetection of



encoding is initially performed by the wite channel portion of the

read/ wri W{? ganel 146 by appending a number of code symbopgriRetRsend of
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Anot her dz?tg z%?xlrjx{)gls ps(t)c;rgé %rl the sector. Accordingly, it is contemplated that the ECC circuit 184
can correct up to four errors in the data symbols associated with each code symbol (i.e.,
t=4) and can alternatively correct up to eight erasures in the data symbols for each code
symbol (i.e., 2t=8). Hence, for a data block having four code words, up to 16 errors or
25 up to 32 erasures can be corrected by the ECC circuit 184 in the user data stored in the data
block.
Having concluded an overview of the disc drive 100 with respect to FIGS. 1 through
3, the manner in which servo information and user data fields are organized on a prior art
embedded servo track will now be discussed. Such discussion will facilitate a thorough
30 understanding of the various aspects of the invention which will be subsequently presented.
Turning now to FIG. 4-1, shown therein is a portion of a track 200 in a prior art
disc drive which is generally similar to the disc drive 100 disclosed herein. The track 200

of FIG. 4-1 includes embedded servo blocks 202, which constitute servo information written



10 generator Is the 8/ 9 decoder 180, which provides an indication to the
ECC C|rc &? sfhat a particular data synbol fromthe Vitephuysdeengser 176
cont ai ns an I'I"'egal conbination of bit a plurality of sequential illegal
symbols will typically indicate the ocdurrence of a thermal asperity. It

Il b hat _th | I f.th h | 160 t ff tl
Ui 1 2o RO R0R b s pdhieir Blrite BanERteRRERr Borns f i ehvne
affected byt egheCitvd enféfmation sfehE 'sEﬂv@CbloémeZ(ﬁqg w_kd By”atseﬁaﬂc&rﬁfbltd”h‘éﬁlt

correct up to v errors and u erasures, provided that: u/2 + v [err] t.

(1) As dsush a;rthe@srvpquwl circwit b#4 06 FIGh9) tascattrod sbeapgritiors ef:admeac( dach as

bl ock d.t I S I h

st g o heiL F1E TRV g0 U e o TBisDbsSE Syt BB Siaek Lo SRR TR o
dat® W lgunibepigg)pdt dath BYRks Izo¢eeatcﬁ dfoudiicle gelferalYyTREti%e ptfiohd gnd@é fady 0bo! S
stored in the sector. Accord it is contenplated that the ECC circuit

184 can véhereiaisenigata supplipd @f ﬂ ﬁ%‘ Gompuer @ushaass {4thin ElGsowestasdd.wiThe each

' che dave bt @t bl 2B A0 BRI iRy B MpliCaBoP O R

bl ock haieldyg, tapectbetie wor ds, up to 16 errors or 25 up to 32 erasures
can be corrected by the ECC circuit 184 in the user data stored in the data

bI ock. Havi ngh selaeted dumbsh obthersereanbioeks B2 ates@r@mpm@ \m@erm #l! b gheetrackso
1 ]
f i el ds aztr0 Qr o'rﬂgwa}}\]?zs e%pgt;\ a pr IETC?F&) a\HEHgC %{gg(g@’o ks e:z\?({o r ac Erfa&fj Pyﬁl%\r/\‘/hg"ast Being

di scusseadialyaligntds cThss, ahe distancé alungi thadetaardcko betwgsn 3ervo blockde202 andi ng
of the various aspects F‘{] Event ion._which wl I be subsequently
pr esent &NErRllY YRHES Mot 1p Taqies oy the tragkahl9) andelt dam become mearpr%ﬂﬂca t9 VaBk

200 i n @Bﬁ&ﬁﬁ%i‘dﬂb%ﬁl ﬁ@b\éi%%g s'u? eﬁ.ﬁ?f%%%%léd acdrd 2 dg'gg{ RC gdrive

100 di scl osed hereln rack 2 I ncl udes e sérvo
bl ocks 20&atervinimberoafndata blsucks 204 are ﬂypfcaﬂyrpm\uded/\bdtman servo MR8 /2023481 the

PCI%USQ?/ 17653 -16- é rack 200 Z]servo érac writer during
factoﬁlfqrrfgmﬂ?te’f ﬂgtﬂkﬁ 18¥s P’f B (Y ad d?l%/?\’i iameter abe 1555t or mat i on of the
servo bl ocks @@2 4.3 sHewd u&vgaaeﬁﬂmu@aﬂbﬁ@bf Blef da¢d blocRYS04 BF FIGES4SET W3
control circuit 144 of FIG ™ 2) to control the position of a head (such as

t he heachaws)in lﬁGat4|-3/ ethﬁgiataﬂdomk 3?4( glm (incg}mfzsm)plmf: Bedked exacx%lh@r {BL(D, bt aahs
202 ) '
def i ne. {14 20 st RN TRaR odbis® R BrnpE (B a8 (R B 160,830~ Y

conput er3) (8 UehuifStheAfdcesia |@nn%)axﬂhﬁnﬁﬁt@d@ﬁnnéﬂﬁﬁné@iﬁ’@nﬂﬁibrﬂﬁﬁQhéﬂ ocks 202,
204 are also sonetinmes referred to as "servo fields" and "d
20 subsequent reading of the user data stored in the data block 204. Following the PLO field

206 is a service field 208, which is further subdivided as shown in FIG. 4-2 into a training
field 210 (T) and a sync field 212 (S).
The training field 210 generally comprises a series of randomized data that enables
the read channel to further optimize the tap weights used by the transversal equalizer (such
25 as 170 in FIG. 3). As will be recognized, the training field 210 is typically included in disc
drives incorporating transversal equalizers that do not otherwise possess sufficient self-
adaptation characteristics.
The sync field 212 provides timing information with regard to the user déta, the user
data being stored in a user data field 214 immediately following the sync field 212. Thus,
30 as will be recognized, proper operation of the read channel in response to the pattern of the
sync field 212 enables the read channel to obtain frame lock, so that the read channel is
ready to begin receipt of the user data from the user data field 214 at the appropriate time.

As is known in the art, any number of patterns can be utilized for the sync field 212, with
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20 field 214"), the respective lengths of which are dependent upon the relative location of the
servo field 202.

Accordingly, the data block 204" has a first set of control fields (PLO field 206’ and
service field 208’) to enable the read channel to recover the user data in the first user data
field 214°, the service field 208’ comprising a training field 210’ and a sync field 212’

25 After the servo field 202, a second set of control fields are provided comprising a second
PLO field 206" and a second service field 208" (which in turn, comprises a second training
field 210" and a second sync field 212"). The second set of control fields are used to
enable the read channel to access the remaining user data stored in the second user data
field 214". The code words associated with the user data are stored in a ECC code field

30 216’ following the second user data field 214" as shown. It will be recognized, however,
that this prior art approach is expressly utilized to accommodate the predetermined
placement of the servo fields 202 with respect to the data blocks 204, 204’; hence, the
length of the first and second user data fields 214°, 214" of the data block 204’ of FIG. 4-3
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When the sync word is properly detected by the sync word detector, a sync signal is

output to the interface circuit, as indicated at 224, and data transfer from the user data field

214 is initiated during a data transfer window, as indicated at 226. Once the read operation

upon the data block 204 is completed, the read window 220 and the data transfer window
25 226 are closed.

From the foregoing, it will be understood that the proper detection of the sync word
enables the read channel to recover the user data and associated ECC code words from the
user data field 214 and the ECC code field 216. However, should a thermal asperity occur
during the read operation, the read channel may not be able to properly synchronize with

30 the user data, resulting in a read error being declared. Such a situation is generally
illustrated in FIG. 4-5, which for purposes of discussion contemplates the occurrence of a
thermal asperity (or other anomalous condition) coincident with the sync field 212.

As with the timing diagram of FIG. 4-4, FIG. 4-5 begins with the opening of a read
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As wi t hdeiset mapping 2ad Jgpligeatien fechniqess F1 G 4-5 begins with the opening of
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as¥oci atlefictiesadata Modks €04 amigich came be anapped out before the disc is designated as being
unsuitable for use. As the location of thermal asperities relative to the prerecorded servo
information can generally only be determined after a disc has been assembled into a disc
drive and the servo information has been written, any disc found to be unusable results in
expensive disassembly and rework operations, increasing overall manufacturing costs.

25 Moreover, as thermal asperities have been found to grow over time, disc drives
placed into operational service will generally encounter thermal asperities at an increased
frequency over the lives of the drives, which has been found to detrimentally affect the
ability of the drives to reliably retrieve previously stored user data.

Having concluded a discussion of prior art data block formats with regard to FIGS.

30 4-1 through 4-5, various features and advantages of the present invention will now be
discussed. Generally, the preferred embodiments of the present invention operate so as to
minimize the possibility that an anomalous condition will compromise the integrity of a data

block, and thus improve disc drive reliability during the operational life of the drive, as
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life of
PCT/ US&?I?Q?%%) Yfid a%2conda¥iPstFcL 4718 312, with the secondary service field 312 being

further divided into a secondary training field 314 (T,) and a secondary sync field 316 (S,).

The secondary PLO field 310 is similar in construction and operation to the primary PLO
field 242, and the secondary service field 312 is similar in construction and dperation to the
25 primary service field 244. The distance between the primary and secondary sync fields
308, 316 and hence, the lengths of the secondary PLO and training fields 310, 314, are
determined in a manner to be discussed in greater detail below.
Finally, FIG. 5-1 shows the data block 300 to include a user data field 318 and an
ECC code field 320, which are functionally similar to the corresponding prior art fields 214
30 and 216 of FIG. 4-2. The operational advantages of the data block 300 of FIG. 5-1 will
now be discussed, beginning with FIG. 5-2.
FIG. 5-2 provides a timing diagram representative of timing windows established by
the sequencer (of the interface 152 of FIG. 2) during a read operation upon the data block
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are det efiffien@h the spnc W@ edrh Mndlive ¢ greater detail below.
Finally, FIG 5-1 glrl\ows tﬁ%rdat anbl octkﬁglgg P%hl ncl ude a user data field 318

and an ECC codéheni the dy@@@ordr\/dcfcuoarléS fpmmpﬂrlyodmédtglt}m prithary s)mcth the sync

correspo r|or i el 214 30 and. 216 FIG.4-2

oper at i oﬁ%ﬁg‘fﬁ% '@cg 8?& t‘%gl%ﬁeé’tl %P‘gf Brgdetsag 'U'I]d 4—‘3?‘@ Isginifiafed, jas dB‘ﬁF?}Ed by
di YQQussed26. bemerreamgnmdm 392 63 albo Zemporixilydcidsddr Y Ithe dutibh 9f M8e Qélﬂ r398‘ as
representative of timng w ndows established by the sequencer (of

i nt er f acehorsr & witl b rq.pgmpd that she leagthopfathatdelay issdacted so dbatthe Ibegimnng of
the delay will generally correspond with the passage of the primary sync field 308 under the

head 118, and the delay will continue until a point in time is reached that generally
corresponds with the passage of the secondary sync field 316 under the head. At the

25 conclusion of the delay 326, the read window 322 is reopened, a sync signal is output
(328), and data transfer is subsequently initiated upon the user data and the ECC code
words in the user data and ECC code fields 318, 320 (as indicated by 330).

From the foregoing description of FIG. 5-2, it will be recognized that under normal

operating conditions the disc drive 100 will proceed with a search for the primary and

30 secondary sync words. When the primary sync word is acquired, the read channel 160 will
be temporarily disabled until the user data field 318 reaches the head 118. Such temporary
disabling of the read channel 160 is performed so that, should a thermal asperity occur in

the data block 300 in the control fields immediately after the primary sync field 308, the
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i mredi afmhytlmfuser déthengBE@@ rcpdes fiekls f318| d2B0&ncehbke sync signal is output, 338, the

sync word search window 344 is closed, but the read window 332 remains open until the

data transfer is completed.

25 As will be recognized, the use of the secondary sync word from the secondary sync
field 316 enables the user data from the data block 300 to be recovered when the primary
sync word from the primary sync field 308 is not detected. Accordingly, it is preferable to
separate the primary and secondary sync fields 308, 316 by a distance sufficient to enable at
least one of the fields to be properly decoded in the presence of a thermal asperity. As

30 discussed above, the preamp 162 (FIG. 3) provides high frequency filtering so that the
duration of a typical thermal asperity will be limited to a relatively short amount of time,
such as 300 to 500 nanoseconds, only affecting about 8 to 13 bytes of information in the
data block 300. Thus, the combined length of the secondary PLO and training fields 310,
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di scussed above, the preanp 162 (FIG 3) provides high frequency filtering
so t hat ST10E TBEAVATY GRCIGHOB: t ypical thermal asperity will be linted to a

rejqtively shegfin@ AReise®@fthd bP&ation of the disc drive 100 in accordance with the timing
diagrams of FIGS. 5-2 through 5-4, FIG. 6 has now been provided which illustrates a
generalized flow chart for a DUAL SYNC READ OPERATION routine performed by the
disc drive 100 during a read operation upon the data block 300 of FIG. 5-1. As will be

recognized, the routine is performed through the coordinated efforts of the head 118, the
25 system processor 150, the interface circuit 152 and the servo control circuit 144 (éll shown
in FIG. 2) and the read channel 160 (FIG. 3).

With reference to FIG. 6, the disc drive 100 first locates the selected data block 300,
as indicated by block 352. As will be recognized, block 352 may include the requirement
for a seek operation during which the head 118 is moved to a target track having the

30 selected data block 300, as well as a latency period during which the disc drive 100 waits
until the selected data block 300 reaches the head 118 once the head 118 is disposed over
the target track.

Once the selected data block 300 is located, the disc drive 100 initiates a search for



such as 300 to 500 nanoseconds, only affecting about 8 to 13 bytes of

i nf or mat i\ okMedzhe data bl ock 300. Thus, the conbi ned | engpaTaRIYiNES3
secondary PLO and training fields 310,54 WO 98/14936

PCT/ US97/ 17653 -23- 314 should be selected to be greater than the nunber of

bytes t " aR Jver; riaty
(i.e., g?‘égwrgﬁgﬁ S?ga{i?%/@g%cra{%rﬁgt(?rj’egéﬁt géxaarg}plﬁ%%é{/gye%‘&/cg, t'hétspri mary
and secadfistassedsaboee wolodk 344 tisaludes sho opehitye of @lreat eihdoo (savte aq 32AXB3IAI0T 342
Hanm ng dj stance.fromihe patterns used for the PLO and .training fields in
order 5 of P itﬁﬁ%ﬁgn@ W&EEBP?IPIP% Obf YD VB SERTPAHRIGY dRIcB s 336
further Ri : tek | ' P bl IcZ L :the data
bl ock 300 o TG INE SRAEHE o 481 BBl 396 E1Cy SR et SRt

di a§r am partion o€ thenteickivky detasequdmess t he sync word detector 178 fails to

det ect both i mar n condary.syn rds. 10 sho in FIG
54 “once. t heDERAN IO o0 SROHES iedheh SapATary syncauere s b dosiedh a
sync wﬁa%?%,cmmt@éigfweﬁ%t ﬁi&kg@@neﬂ% wili rb!e%ca@agf% st eNa e, 5169

receives the tuning inforimation fromthe primar and trarning fields
302, 306coaredpoends toythe amonot efetime the hehddl I8ewilk reguirt do phsst fromithe primeay \syand

secondar woryds in,the recejyv equence. However, i,n this case it is
cont e S8 JOBHARHS RReoBAT SBF okt oGOl T3 he bresen SKaPPIE 1 SOBETUACGAE her
of 1phe syeic WRNEE 500MaBoscEHRIsPY MotdBi e, URAFEH cHhROYY Sidsbléd BBSn® WMis delay
Further, no delay is initiated (indicated by 346) and no sync signal 18§

out put (4nddthe syrel woyd 3e8¥h windesy ist¢lesedeasl showml owFBA25i2s Al dweepnghdionoofithe a
t f . h by 350.. | h i s dec] d
and ¢ he S9CSPlost 3580 BEvaY SRRl is uites Be SPRSwoRt PEPSEL iSRRI on

20 block 36@vi ng di scussed the operation of the disc drive 100 in
accordance wth the tim'nq? diagrams of FIGS. 5-2 through 5-4, FIG 6 has
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m"éSd toat alggxghy,t &&%kthg%\{l%:prl]lgtir}ghgf the sync signal, block 360, the read channel 160
proceeds to recover the user data and code words from the user data and ECC code fields
318, 320, as indicated by block 366.

It will now be recognized that an important advantage of the present invention over

the prior art lies in the fact that a sync error will generally only occur when a thermal

25 asperity (or other anomalous event) affects both the primary and secondary sync fields 308,
316. FIG. 7 provides a statistical comparison of the benefits of the present invention over
the prior art.

Referring now to FIG. 7, shown therein is a graph comparing estimated read error

rate performance between the prior art data block format of FIG. 4-2 and the data block

30 format of FIG. 5-1. Particularly, the graph provides a horizontal axis representing a
logarithmic time scale indicative of the number of test days during which a disc drive is
continuously operated. The graph further provides a vertical axis having linear exponential

scaling representative of the number of thermal asperities, expressed in parts per million
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20 disc drive and extending disc drive useful service life.

Having concluded the discussion of the first preferred embodiment of the present
invention, reference is now made to FIG. 8-1, which illustrates an alternative data block
400 formatted in accordance with a second preferred embodiment of the present invention.
As with the data block 300 discussed above, the data block 400 makes use of redundant
25 control fields to provide improved read channel performance and immunity to thermal
asperities.
The data blbck 400 comprises a PLO field 402 which, as with the PLO field 206
(FIG. 4-2) and the primary and secondary PLO fields 302, 310 (FIG. 5-1), preferably
comprises a 2T pattern used by the read channel 160 to set timing and amplitude parameters
30 for the subsequent data portions of the data block 400. The data block 400 further
comprises a service field 404 having a training ficld 406 (T) and a first sync field 408 (also
referred to as "S;" and "syncl"). Again, the training field 406 provides a random sequence
of bits useful for further adaptation of the read channel 160 and the syncl field 408
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read channel performance a I munity o t her mal
from, the sync2 word.

The sync words should have maximum Hamming and Euclidean distances from all
legal user data symbols. As will be recognized, the Hamming distance between two
25 sequences is the total number of different bits in each of the sequences and the Euclidean
distance is the square of the Hamming distance. Increasing the Hamming and Euclidean
distances provides a greater assurance that the sync words will be readily distinguishable
from the user data. For the same reason, it is also preferable that the sync words have
maximum Hamming and Euclidean distances from all shifted combinations of bits from any
30 combination of legal user data symbols (that is, an n-bit sync word should be distinguishable
from any n-bit combination of bits in any sequence of legal user data symbols).
It has further been found advantageous to select a sync word with a moderate

number of flux reversals (that is, without either high or low frequency components). Other
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sync2 field 412 is witten, and then the remaining portions of the user
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data. For exanpl e, for the read channel 160 of FIG 3 wherein the 8/9
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20 Moreover, it is advantageous to separate the syncl and sync2 fields 408, 412 by a

sufficient physical distance along the track so that the occurrence of a single thermal
asperity will not likely prevent the detection of both syncl and sync2 words. As provided
above, for a data transfer rate of 200 megabits per second (Mbits/sec), use of the high pass
filtering of the preamp 162 (FIG. 3) will reduce the effective duration of a typical thermal
25 asperity down to from about 300 to 500 nanoseconds, correspondingly affecting about 8-13
bytes. Thus, in the present example the amount of user data that would preferably be
stored in the datal field 410 would be from as few as 13 bytes up to a maximum of 32
bytes. The actual number of bytes, of course, would be selected based upon the
requirements of a particular application and would likely be less than the maximum number
30 of erasures that could be corrected, in order to retain some margin for the reading of the
rest of the user data in the data2 field 414.
Referring now to FIG. 8-2, shown therein is a timing diagram illustrating the
operation of the disc drive 100 during a read operation upon the data block 400 of FIG. 8-
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the traglg between the syncl and sync2 fields 408, 412, and hence t he amount
of user data stored therebetween in the datal field 410 is selected to be
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word of the sync2 field 412, the user data of the user data2 field 414 and the ECC code

symbols in the ECC code field 416. As the distance between the syncl and sync2 fields

408, 412 is known, the sequencer can readily locate and remove the bits associated with the
25 sync2 word from the recovered data before transferring the decoded user data to the host
140 (FIG. 2). Alternatives to this manner of operation by the sequencer will be discussed
below.,
Referring now to FIG. 8-3, shown therein is another timing diagram for the data
block 400 of FIG. 8-1, illustrating the occurrence of a thermal asperity (or other anomalous
30 condition) which prevents detection of the syncl word.
A read window 432 is opened at such time that the head 118 reaches the data block,
enabling the control information from the PLO and training fields 402, 406 to tune the read
channel 160. At the same time, a syncl search window is opened, 434, during which the
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at 426, is not opened; that is, ce the sync
cor r esp%)mﬁﬁﬁgns oumber of)xtenan@segora;zoumrfar theogap tesised) hy 2hd m}t*.smgmszsrldata from
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having the descrambler state determined by the particular sync word detected and moving
the scrambler/descrambler operation to the sequencer so as to not be a factor within the
read channel itself. Moreover, depending upon the application the user data from the data2
field 414 may need to be advanced in the buffer of the interface circuit 152 to make room

25 for the user data from the datal field 410 that is recovered by way of ECC reconstruction.
Finally, FIG. 8-4 provides a timing diagram for a read operation upon the data block
400 of FIG. 8-1, illustrating the relatively infrequent occurrence when the sync word
detector 178 fails to detect both the syncl and sync2 words.
As before, passage of the data block 400 under the head 118 causes the opening of a
30 read window 442 and a syncl search window 444, After the sync word detector 178 fails
to locate the syncl word, the syncl search window 444 times out and a sync2 search

window is opened, 446, during which the sync word detector 178 searches for the sync2
word.



20 remai ning information in the data bl ock 400, as indicated by a data

transfer wwddgwods0. During this transfer, the user data of p&Peseaiass field
410 is read, followed by the sync2 worsg.of the sync2 field 412, the user

data of the user data2 field 414 and the ECC code synbols in the ECC code
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8-1, illustrating the occurrence of a thermal asperity (or other anomal ous

30 5 condi t iBavingvnortiudeden discussigntad dhe operation pbtheydiscl drivg 400 in pecaddasicadow
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416. 1t w be rec romthe di scussi on above that the read channel
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channel 2)6theplegerambiesakfi2nig inibializpdeawitl thesapproprinte descaambling keysand thetayse | t

A0S SPGB ORI s 19
search window such as 424 in FIG. 8-2).

Decision block 456 determines whether the syncl word has been located; if so, the
routine passes to block 458, wherein the sync signal is output to the sequencer (as indicated
by 428 in FIG. 8-2). Data transfer is then initiated (as indicated by 430 in FIG. 8-2) and

25 the read channel 160 proceeds to read the user data from the datal field 410, the sync2
word from the sync2 field 412 and the remaining portions of the user data from the data2
field 414, as indicated by blocks 460, 462 and 464, respectively. As described above, the
sync2 word is not utilized at this time to synchronize the read channel 160; rather, the
sync2 word is read just like the user data from the datal and data2 fields 410, 414 and

30 subsequently removed by the interface circuit 152 (or buffered out of the channel, as
discussed below). Finally, the read operation continues in a conventional fashion, as
indicated by block 466, including the reading of the ECC code symbols from the ECC code

field 416, the application of error detection and correction operations as required by the



update the descranbler 182 to the proper descranbling key, junping ahead in

the sequewerusassdlf ficient nunber of iterations to account fgertBerGees
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concl ud@gﬂn@c&;@ﬁgwlm@fte&m%uggeration of the disc drive 100 in accordance
with the t1imng diagrans of GS. 8-2 through 8-4, reference is now made to

FIG 9, whi cﬁlriallmwgmaﬂ@ssy@cé &voad s plse ot detgcteans siiasyn by dafisionrloek ¢ 7®UAL
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coordi nat ed operation_of the head 118, the system processor 150, the
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that the read channel 160 could alternatively be provided with a first-in-first-out (FIFO)

buffer 480, as generally illustrated in FIG. 10. That is, each successive data symbol or set
of data symbols in the read channel 160 could be temporarily buffered in the FIFO 480.
The sync2 word pattern from the sync2 field 412 then could be removed from the data

25 sequence by instructing the FIFO 480 to not output the bits corresponding thereto in
response to detection of the syncl word pattern by the sync word detector 178. An
advantage of this approach is that the ECC 184 (and the interface circuit 152) would not
have to deal with the second sync word pattern at all. Of course, the FIFO 480 could be
located within the read channel 160 at other locations besides immediately following the

30 sync word detector 178 as shown in FIG. 10.

Second, in the preferred embodiments discussed above the read channel 160 opens a

first search window to search for the first sync word and then opens a second search

window to search for the second sync word; however, alternative approaches are readily
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468 whexdeamagdoaslyesmvealifferent bifderigthy, egsin depeiidif NpUn dRSEaracdlh fplkaton
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wherei n the corrésponding sync signa tput to the sequencer
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474 to read the user data fro he data2 field using the synchronization
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I ncl udi ng the step of reconstructlgé:; the user data fromthe datal field 410

that was notAgcerdinglyedt wilkbe secognized that thete s partinelas ydahtages dssosiated

Cﬁwemu;iﬁ'p %e ﬁ&g 4 r%’onllrﬁ]a"t!se Qiscussed above. For example, the format of the data block 300
(FIG. 5-2) will provide significant immunity to thermal asperities as a result of the
redundant set of control fields provided in each of the data blocks 300. However, it will be
recognized that the use of such additional control fields will generally decrease the amount
of track space available to store user data and hence, will tend to decrease the user data

25 storage capacity of the disc drive.

The data block 400 will also provide significantly improved immunity to thermal
asperities over the prior art. Additionally, the data block 400 will generally require less
disc overhead to implement, facilitating somewhat greater data storage capacity for the disc
drive 100 over the format used in the data field 300. This is because the format of the data

30 block 400 places a portion of the user data between the two sync fields 408, 412 (FIG. 8-
1). However, the use of the format of the data block 400 generally reduces the error
correction margin available from the ECC circuit 184; that is, should the read channel 160

fail to detect the syncl word, most of the error correction margin will be needed to recover



Finally, when the sync2 word is also not detected, as shown by deci sion
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user data sy wever, dependi al ar p

same sywill pauhésrstodd consistentlyl with theefdrdgoingbdisdustion tbidesdribena data tdock thync
words, provided the read channel can adequately .distinguish_ therebetween
(#8r exdaspmet have a ggfyor Heldqoipcidenb ivith Ysep datk PaHanspf the data block (in contrast

for example to the data block of FIG. 4-3). Moreover, for purposes of the appended
claims, the phrase "set of control fields" will be readily understood to encompass one or
more control fields.
It will be clear that the present invention is well adapted to attain the ends and
25 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 and which are

encompassed in the spirit of the invention disclosed and as defined in the appended claims.
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30 bl ock 400 places a portion of the user data between the two sync
fields 408, 412 ( ) . 1 he 0 format of the data
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VO 98/ 14936 having a control pattern used by the read channel to prepare for receipt of the

P&I/ US97/ 17653 '%’S‘rtdﬁﬁ user data in the datal field 410, reducing the
ability of the reag channel 160 to correct a large nunber of read errors in
the user data recovered fromthe data2 field. Accordingly, in view of the
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drive (such as contiguous data bl ock (such as 300, 400) is provided
havi ng rgad chapnekwhen fin ehomglous konditign reveds) thedfirstesymcipattetnofrent a sync
pakter [ e in synchronizing a read channel (such as 160) with user
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al so provided in the data bl ock, the second sync field also enabling the
read channel to

The data block format of claim 3, wherein the anomalous condition is a
thermal asperity and the distance separating the first and second sync fields is sufficient to

prevent the thermal asperity from affecting both the first and the second sync fields.

25
5. The data block format of claim 1, further comprising:
a user data field in which the user data is stored, the user data field following the
second sync field.
30 6. The data block format of claim 1, further comprising:

a first user data field disposed between the first and second sync fields, a portion of
the user data being stored in the first user data field; and

a second user data field disposed after the second sync field, remaining portions of

A g



10 synchronize with the user data in the data block. A control field
(such as RiygsgAdedsr ai ning fields 310, 314) is disposed betwaglpide1hbdsst
and second sync fields, the control fiekd having a control pattern (such as
a 2T or training pattern) used by the read channel to prepare for receipt
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dat a bl ock furlpher ‘%oﬁrﬁ%rérg‘geé%fgmgkigigg! | ocked oscillator field di sposed

bet ween t he fia xitatabld diseclavihgsatrieast ioat domidnillyconcentric track on which user data is

20 stored through the selective magnetization of the track;

a head controllably positionable adjacent the track, the head generating read signals
during a read operation in response to the selective magnetization of the:
track;

a read channel responsive to the head, the read channel recovering the user data

25 from the read signals;
a contiguous data block on the track, the data block comprising:
a first sync field having a sync pattern used to synchronize the read channel
for subsequent recovery of the user data; and
a second sync field having a sync pattern used to synchronize the read
30 channel for subsequent recovery of the user data at such time that the
read channel fails to detect the sync pattern of the first sync field.

12, The disc drive of claim 11, wherein the contiguous data block further

* c L M § *
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provi des signal timng and anplitude information to the read channel. 3.
The disc qigogp4edg claiml, wherein the user data field is eRgnaetgfészed as
a first user data field _and wherein t contiguous data block further
conprises a secon¢ mgwaraﬁpfs' BLEN ¢li sposed between the first and second
sync fields eril n a poptdoep of the user data is stored in the additional
user dat‘ér??réﬁea et e —cH-3€—ci-tve of claim 3, wherein the read channel
further conprisgentrélr ficld digbsst baweantheofiist Q& te2bnd kyufitldy, ®apahire! féld
correcting up to a sel ected nunber of erroneous bytes of user data, and
wher ei n the nunber PEIVidipg sentil infasmation & theaead shansel-stored in the second
user data field is selected to be within the error detection and correction

capability of the error detection and correction circuitry. 5. The di sc
drige of clainsl, Wherdssicrdriveeofsalaim PRIwkersinothe chbRtigRQe ddtashlock fuirtted i s
different fromthe sync pattern of the first sync field. 6. A met hod of

recover i #RYNPIACH stored in a contiguous data block on a rotatable disc
REPLACEMENT S [ f r t blsy
posi 1 onabl e o SieT a6 athbied e Wb i orUREAC AR GGEN bEttio b1
responsive to the ﬁfearkcrv!mrbemg sltdnedrmttlimﬂrsmmmdazeﬁektahdatterrpt| ng to
detect a sync pa rn froma eefIslrst c field of the data bl ock to prepare

t he read chan?‘né?c qsé’ée%térﬁ @'ISP‘EFS fg}ﬁséf"o’l‘de@% field, reqaining Dogtigns 9% el d
of sphe data bl ock, ges A tafs! G5rRg %M@M&eh&hw dabprkgad channel with the
user data; (b) recovering the user ata fromthe user data field when the
sync pattern |s successfully det ect ed in step (a); (c) detecting a second

sncfieldvvl e dat ected di.stance fromthe first sync
fiyel d, the se igﬁ ‘gi ‘gt%q blaaé‘ggﬁroﬁ?ln%%%g ‘pattern which y
synchr oni zes arhﬁnéﬁ@& &f&nr}@é oabive 46 the 1B chmiel ttB@ ﬂbﬁsced&ke{ﬁ: difddtigi e

detect the sync pattern in the attenpting step (a) d (d) recoverlng t he
user data fromt heowenordaf thefread chanpehapd tlnmsﬁezmugndhe;ym Jatet respvered by the The

nmet.kod of cl aim 6, he sin step of: (e) disposing a phase
oclged oscil |l ator feia |g\a ell&%nﬁ’ %céoxg?‘ﬁgt and second sync fields to provide
signal timng and anplitude information to the read channel. 8. The

met hod of claim6, wherein the user data field is characterized as a first

user data field ahbediserdsive afiplaimel4ovhereinsthe interfager Giscait discapds B pattera) of
di sposi “&t@c&?e%s&%lﬂg ¢ ufAlAc Pafild) REhEEERaENGnd HERT 26006h FheCRd, SynC fields

whi ch stores
synchronization is achieved from the sync pattern of the first sync field.

20
16. The disc drive of claim 14, wherein the read channel further comprises:
a sync word detector for detecting the sync patterns of the first and second sync
fields; and
a buffer, responsive to the sync word detector, for discarding a pattern of bits
25 corresponding to the sync pattern of the second sync field at such time that
synchronization is achieved from the sync pattern of the first sync field so as
to prevent receipt of the pattern of bits by the interface circuit.
17. A method for retrieving user data in a disc drive having a disc, a head
30 positionable with respect to tracks on the disc and a read channel responsive to read signals

generated by the head, the method characterized by:
(a) providing a data block on a track in which the user data can be stored, the

data block having first and second sync fields separated by a selected
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a portion of the user data; and (f) reconstructing the user data fromthe

second usgJo skfsdzsfl 1 €l d using error correction code circuitr %S di sc

drive fails to detect the sync pattergsfromthe first sync %((l:e &llﬁﬁﬁne

attenpting step (a). 9. The nethod of claim®6, wherein the sync pattern

of the first sync fiel ¢idsceRAlAM R §AEDIRE, axéﬁfsstanaxeu‘onaastyh@rfremsammg

wherein the first sync pattern is different fromthe second sync pattern.
sync patterns for synchronizing the read channel for receipt of the

read signals corresponding to the user data; THIS SHEET HAS BEEN

(b)  positioning the read head adjacent the data block; REPLACED

5 (c) synchronizing the read channel for receipt of the read signals corresponding
to the user data using the sync pattern of the second sync field when
the read channel fails to be synchronized by the sync pattern of the
first sync field; and

(d) retrieving the user data from the read signals corresponding to the user data.
10
18.  The method of claim 17, wherein step (a) is further characterized by:
(a)(1) providing the data block with a control field between the first and second
sync fields, the control field having a control pattern used by the read
channel to set timing and amplitude parameters in order to enhance the

15 retrieval of the user data from the read signals.

19. The method of claim 17, wherein step (a) is further characterized by:
(a)(1) providing the data block with a first user data field between the first and
second sync fields and a second user data field after the second sync
20 field, wherein a portion of the user data can be stored in the first user
| data field and remaining portions of the user data can be stored in the

second user data field.
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