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(57) Abstract

The present invention provides a method and storage device for reducing the occurrence of data miscompare errors. The method
includes identifying a destination track (164) as either an cven tfack or an odd track and sclecting a psendo-random set of data (320) based
on this identification. The pseudo-random set of data (320) is combined with write data (263) to produce randomized data (322) that is
used as the basis for a write signal (279) to be written to the destination track (164).
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25 properly posrtioned over a track during wite oper ati ons,
data-will be witten outside of the | ocati on where the storage device
expects it. This can cause read errors because t he storage device

attenpts t the read head directly over the
expects tog‘rl‘crpin%qﬁﬁe data. If the data S outsr de o?&%%g?gtron
the read head nay not be able to read the data, resulting in a read

error. -1- -2- Many
st orage devi ces have the abrllty to recover from such read errors.

Specifically, as part of a recovery routine, man devrces shift the
r ead head from the ideal®b M% {[?é‘f%é recover data

t hat has been witten outside qﬁv?ﬂ@ f,the_read head -
successfully reads the - data e/sﬁbrggg Eizgggémm tinUef mﬁtg the-th B
remai nder - " of the read operatFaELDI Ft r can not rea - e_
data, it reports an unreco gb§ﬁ§§ﬁ9r invEntion rel ég trapksgensrtres

I q

i ncrease on t he ting recovery echn
creat ed ggdlt edﬂ:ﬂesp Fer?§°resﬁé'6raf PRafediashi fn W@rfcneuiead the head
out si de of the i gesdsentacinvemtdicn Qrslataissetd héncoding techn:Lques for

reducing errors in recovered data.
BACKGROUND OF THE INVENTION -
Storage devices store data along tracks

10 embedded in storage media. In storage devices that
use discs, the tracks are concentric around the
rotational axis of the disc. In tape based storage
devices, - the tracks are formed along parallel paths
that run in the direction of the movement of the tape.

15 In either case, the storage device writes data’ by

B positioning a head over a destination track and
. ‘altering a localized portion of the medium. To recover
the data, the storage device must position a read head
over the same -track "~ and sense ' a localized

20 characteristic of the medium indicative of ' the
alteration performed by the write head. .

The positioning of the head during reading
and writing operations is critical to the proper
recovery of stored data. If the write head is not

25 properly positioned over a track during write
operations, data will be written outside of the
location where the storage device expects it.  This
can cause read errors because the storage device
attempts to place the read head directly over the

30 track where it expects to find the data. If the data
is outside of this location, the read head may not be
ab-le to read the data, resulting in a read error.



read head to nove into an adjacent track. If the read 15 head successfully
reads data fromthe adjacent track, It 1s possible-that - the

storage device wll incorrectly identify the recovered data as

bel ongi ng to the original target track and not as belonging to t he
nei ghbor i ngyd éeGése This type of error is known as 20 a dagcrndogetipar e.
Such errors are undesirabl e because they cause the disk drive to report.
that there was no error in recovering the data when in fact incorrect
data has - been returned to the host conputer.. Such errors are 25
extrenely difficult to identify and can lead to serious consequences I n
t he operation of the conpu

| NVENTI ON 30 Tht’ﬁhyessé%?ra %er‘?ﬁ%ﬁe'row Jes a ne% t?_{Eto :

st or age device fo‘?eq"‘é‘tﬁ}bftﬁ’“ [FACHC ZRade REFOSE - da§§’e°1flﬁ?§élﬁrrp%$epé¥¥ors

The met hod incl ude ederdddweryg outine, many devices shift the read
-3- . - destinatian trely agngl RPN (R 1PKOT Al LW eempt  to
5 recover data that has been written out_:side - of: the

ideal track. If the read head successfully reads the

data, the storage device continues with the remainder

of the read operation. If the read head can not read

the data, it reports an unrecoverable error.

10 As track densities increase on media, the
head-shlft:.ng recovery . technique has created
additional problems. Specifically, shifting the read
head outside of the ideal track layout can. cause t'h'e'
read head to move into an adjacent track. If the read:

15 head successfully reads data from the adjacent track,
it is possible that the storage device will
incorrectly identify the recovered data as belonging
to the original target track and .not as _belongiﬁg to

_ the neighboring track. This type of error is known as

20 a data miscompare.

Such errors are undesirable because they
cause the disk drive to report that there was no error .
in recovering the data vﬁhen in fact incorrect data has
been returned to the host computer. Such errors are

25 extremely difficult to identify and can lead to
sexrious consequences in the operation of the computer.

SUMMARY OF E_INVENTION
30 The present invention provides a method and
storage device for reducing the occurrence of data
miscompare errors. The method includes identifying a



track and sel ecting a pseudo-random set of data based on this

I dentification.” The pseudo-random set of data Is conbined with wite
data to produce random zed data 5 that is used as the basis for a wite
signal to be witten to the destination track. I n
further eMOWAts of the present i nvention, the ReVHEW22$3%8,

I ncl udes identifying a source track as either an even track or an odd
track. 10 A read signal is then produced hy reading fromthe source
track. Randonmized read data is extracted from - the read signal and is
conbi ned with a pseudo-random set of data to reproduce t he data '

originally witteépstinafion,drackcias eithpr panyg¥epatdarksQr an odd a' i's
15 selected on tthaadmimi efelshrating af esweanabﬁ\CEetSof datl %é%léd”aCk

or an odd track. this 1dentt1f§ er QESCBJ;@’ Tﬂ)@\lzcg: %O%R%Vevt\ll\lﬁcﬁatﬁhé

FIG 1is a‘plan _V|ew %St orag
present inventicks GamPingd 2’9 pWEét:Fc@ﬂta to PrOduce ramdemizeds dataop

view of a stosagechEdi el Gsed adaitihd rloaddd afeHt ash@site Sidyut i €8akbe -

witten track. O'VI w of a storage madlums _
data track Iayout s%&ﬁnntoatﬁé%?%%ﬁrﬁa@io%? ACrack 25 with a head shifted

to recover a witten trackIn further emha@iments g abHp thew @iresesttor age
medi um s dat amxfeamidr@youhevmxhétm:moraﬂls@eahnauaé@n idé}@i&fymg a

nei ghboring a tr bei ad b op- Vi ew
of a storage rred?sﬁ rcesgzg‘a itg"st r%d'%l?elraﬁgufvgﬁo FRG*a oﬁegﬁ‘ ?%df s‘é’"&' ward a
non- i ded® wh t readt sigral is then proguced by Feadigig dfugmathel a

di sk drive. source track. Randomized read data is extracted from

the read signal and is combined with a pseudo-random

set of data to repioducé_the_data originally written
on the track. The pseudo-random set of data is
15 selected on the basis of whether the source track is
an even track or an odd track. _
. BRI SCRIPTION OF THE DRAWINGS
" FIG. 1 is a plan view of one type of storage
device ..in which the present invention may be
20 practiced. .

FIG. 2 is a top view of a storage medium's
data track layout showing a non-ideal written track.

FIG. 3 is ‘a top view of a storage medium's’
data track layout showing a non-ideal written track

25 with a head shifted to recover a written track.

FIG. 4 is a top view of a storage medium's
data track layout with a non-ideal written track
neighboring a track being read by a head.

FIG. 5 is a top view of a storage medium's

30 data track layout showing a head shifted toward a non-
ideal written track.

FIG.6 is a block diagram of a disk drive.



-4- FIG 7 is a block diagramof the read wite channel

of FIG 6. FIG 8 is a block diagram of the random zer and
derandom zer of FIG 7. 5 FIG 9 is a flow diagram of the method -
of one enbodi ment of the present invention. FIG 10 is a
fl ow di agr wp ®f21¢78e net hod of a further enbodi ment of pidreusps/easnt

i nvent i on. DETAI LED DESCRI PTI ON OF THE PREFERRED EMBCDI MENTS 10

FIG 1 is a plan view of a disc drive 100 that i ncludes a housing with
a base plate 102 and a top cover 104 ¢4ections of top cover 104 are-
renoved for clarity). Disc drive 100 further includes a disc pack

106, which is nmounted on apg@i Ml £5 "Rt BlokROidFram O ehe Fosd WRfKe 106
can include a plutalit ié1di vi dual discs, which are nounted for -

co-rotation ei ‘g%rﬁ;%‘l dxi s. Each disc surface has an -~ -
associ ated head gi nbal assER®! y8 i) blotR dhaghansof thepwanddmierti sc -
drive 100 for cognéngeahh@bmivdP JeherdQ 7disc surface: . Each: HGA 1120 =
i ncludes a gi gbal and a sI| ger,-, " whi g carties one_or nor e..(eaéj. apd -~
wite heads. Each HGA 19+ §'ﬁpp30r1g W pfagEympefisithe merhod ghich is
in turn attached dne ewbpdikent xS thegpaesetRlinventdumnwn general ly as a
fixture, of an actuator aspegbliyo 28 al ¥iow diagram of the method of a
further embodiment of the present invention.
DETAILED DESCRIPTI B K EFE D_EMBODIMENTS
10 : FIG. 1 is a plan view of a disc drive ‘100
that includes a housing with a base plate 102 and a
top cover 104 (sections of top cover 104 are removed
for clarity). Disc drive 100 further includes a disc
pack 106, which is mounted on a spindle motor (not
15 shown). Disc pack 106 can include a plurality of
' individual discs, which are mounted for co-rotation
about a central .axis. Each disc surface has an
associated head gimbal assembly (HGA) 112 which is
mounted to disc drive 100 for communication with the
20 disc surface. Each HGA 112 includes a gimbal and a
slider, which carries one or more read and write
heads. Each HGA 112 is supported by a suspension 118 -
which is in turn attached to a track accessing arm 120
known generally as a fixture, of an actuator assembly
25 122, |
- Actuator assembly 122 is rotated about a
shaft 126 by a voice coil motor 124, which is
controlled by servo- control circuitry within internal
circuit 128. HGA 112 travels in an arcuate path 130
30 between a disc inner diameter 132 and a disc outer
diameter 134. When the head is properly positioned,
write circuitry within internal circuitry 128 encodes



Actuator assenbly 122 is rotated about a shaft 126 by a voice coil

notor 124, which is - controlled by servo control circuitry within

i nt er nal circuit 128. HGA 112 travels in an arcuate path 130 30
between a disc_inner diameter 132 and a disc outer di 8&2351,1 When
t he head ig'°;?P'8’pPé?| y positioned, wite circuitry wwthininftern
circuitry 128 encodes -5- . dat a
for storage on the disc and sends an encodgd signal to the head in HGA
112, which wites the information to the disc. At other tinmes, the

r ead head in 112 rea ds _stored tion from di-sc

provides a recov@ggg sfl%‘ﬁafs Pager & OH'}& r‘{% na' 3 é‘ﬁ% 0%'&0&8F°9Facw try
within internal eiigpailtryo1%the ohead plnddwalrléoovuhedhdmmsgnahe o
FIGS. 2, 3, 4, angif2,#keibAP ty oMe ORikEaCk ar Jtméeutﬁmééﬂatth@r gealdSef ul -

in descrlblng he ., dat 0 sconpare ercors the prese I.pvention
attenpts .. g\?&dd Bak’12d" reag%pﬁﬁ???éa+??r'ﬁté°r2ﬁ% t?‘&pd%ﬁgw of a
st orage nedi uErl art&autowl@j!@uta stenaiveyech mdgnaladios detectsd;, cixZuiarg 154.
Al t hough shown agRRiidoglert Eagkiitd witiss siddhad idi-Ada eayt %Ito

recogni ze that for %uce a recovered data signal.

FIGS. 2, 3, 4, and 5 are top views of track

layouts that are wuseful in describing the data

10 miscompare errors that the present invention attempts
| .to avoid. | : _ .

- Specifically, FIG. 2 is a top view of a
storage medium's track layout showing three tracks
150, 152, and 154. Although shown as parallel tracks,

15 those skilled in the art will recognize that for a -
' disk drive storage device, tracks 150, 152, and 154
are actually concentric aboﬁt each other.

W:.thln tracks 150 and 154, the wr:.tten data
follows the expected track layout. = However, the

20 written data 156 for track 152 does not follow_,thé
ideal track layout 158. In fact, written data 156
- bows outward toward track 150 from ideal. track layout
. 158,  Because of this bowing, a xread head 160
attempting to follow the expected track layout 158

25 will not encounter the full width of data 156. _This
can cause read erxrrxors if the portions of written data-
156 read by read head 160 are obscured by s:t.gnals
generated by portions of the med:l.um found in expected
track layout 158.

30 In general, storage devices are able to
identify read errors generated by the bowing effect
shown in FIG. 2 through a number of known encoding



di sk drive storage device, tracks 150, 152, and 154 are actually
concentric about each other. Wthin tracks 150 and 154, the
witten data follows the expected track |ayout. However, the 20
witten data 156 for track 152 does not follow the i deal track |ayout
158. I n vedbriomitten data 156 bows outward toward ecauksiagssi rom

| deal track | ayout 158. Because of this bowing, a read head

160 attenpting to follow the expected track layout 158 25 wll not
encounter the full width of data 156. Thi-s- cancause read errors if the
portions of witten data 156 read by read head 160 are obscured by

signal s gener@&fin@ﬁe@ort | PRSsOf ehB8aIRG H&ﬁﬂ&kﬁ\@eé Ni RXDEGE edrror track
| ayout 158. 30 ener a

stora vi,ces _.are able
i dentify read ewrQﬁﬁfiﬁﬁigpaF8§eﬁy tkg BofFA %ﬁfé%:lce d%§ﬁ8ﬁﬁ ?Hc¥4§§ 2
t hrough a nunber exfradmovit ettedphyg to apply several different recovery

-6- . . techni qblf‘el%%hnl%%etsnfgébﬂﬂrt@ﬁfrﬁ%@s e lé‘iz%he'i:"eghmque is
corgection codes, Lol Gade dohee elect o eq o Sliel e, e
data. One such t esdmiiduéhesdata has simply been written off track.
FIG. 3 depicts ‘'such an error recovery
technique using the track layout of FIG. 2. 1In FIG.
3, read head 160 has been shifted toward track 150.
10 Based on the track layout shown in FIGS. 2 and 3, such
” shifting will allow the head to read more of written
data 156 and thus will lik'ely. allow the head to
recover the data written to track 152.
Although head shifting will likely result in
15 the recovery of data in FIG. 3, under certain
circumstances, such as thos_e shown in FIGS. 4 and 5,
such head shifting will result in a data miscompare
error. FIG. 4 depicts a top view of a track layout on
a storage medium where a read head 162 is ‘attempting
20 -to read corrupted data from a track 164. Track 164 is
located between track 166 and track 168, where track
168 has an ideal track layout 170 and an actual
written data track 172 that bows toward track 164.
Since the data of track 164 is corrupted,
‘25 the storage device will try to recover the data using
various recovery techniques. This will sometimes
include shifting the read head outside of the ideal
"trxack line to see if the data has simply been written
off track. In FIG. 5, the storage device has shifted
30 head 162 toward neighboring track 168 to see if the
data for track 164 has simply been written off track
in the direction of traek 168. As shown in FIG. 5,



5 to shift the read head fromthe expected track line to see if the

data -has sinply been witten off track. _ FIG 3 depicts

such an error recovery techni que using the track layout of FIG 2.
In FIG o41§Rd head 160 has been shifted toward track agBased
onthetrack ?ayout shown in FIGS. 2 and 3, such |ft|ngvm aIIow
the head to read nore of witten data 156 and thus will likely allow
the head to recover the data witten tgo;srack 152. _
Al though head shifting will likely result in 15 the recovery of data

' . hown in
Flas @ and's, | chiscBeRd Bnireifh SNIBMTFER BeR] D52LPS Relomyere
error. FIG. 4 dePritsen dags ‘}|7GV\P§fn§19hJ@@R14$1kaoh68 ~a_storage medi um

where a read head 162 is at]tﬂemiréaﬂg Béhdt aeheage s gabgghdad@tg I ¢ug, track

164. Track 164 i 0 d t n track 166 and track 168, where track_
168 has an i deal ?racﬁ +a§%§1 1?% glaﬁt&‘?g&l EVICH, MRYe FREAF SGLAFK 172

that bows towdtd ffhexmime that 1"— has ﬂymﬂfhélﬁatmaﬁv&ratkdhﬁé i s
corrupted, 25 thassbeiaged damite \M:Hckt r M.GT40 WReqVehnt h?aeet alESI Ads

ude _
Shifeing the rear BESICR ke geqatisnad wier HigRRing rracke e i ne
data has sinply beRa W‘F?‘ie‘ﬂ’o"e: Shiist txpk. of el @ iF kioemsker agdadavi ce
has shifted 30 hﬁﬁdcaxaﬁaf@w@rnahahaeal aé! £ Koddbrdh il s relfifed |

data for tra%lGﬁ e %bggve%iéﬁ.en of f ‘track |nthe rectlon
of track 168. Ehown 51 :
FIG. 6 is a block dJ.agram of a disk dr:Lve
198 representing one embodiment of a storage device of
the present_ invention. ~ Disk drive 198 communicates
with a host computer through a host computer interface
) 15 200, which is connected to an interface controller 202
within disk drive 198. When the host computer wishes
to write data to a disk 204, it passes host data
: packeto_ to .inter_fac_e_ oontrollgr 202. The host data
packets contain data and associated logical block

20 addresses that identify where the data should. be
stored on disk 204. In preferred embodiments, this
information is sent along a serial interface within
host computer interface 200 and is parsed into"
parallel data values by interface controller 202.

25 For each data packet, interface controller
202 separates the data from the logical block address,
and i:asse's the logical block address to host interface
microprocessor 205.

Host interface microprocessor 205 determines

30 a cylinder and sector for the data based on the
logical block address. In preferred embodiments,
where the storage device is a multi-disc drive, host



-7- this head shifting causes read head 162 to pass over witten
data- 172 of neighboring track 168. I f read ‘head 162 reads
enough data from witten data 172, the- storage device may incorrectly .
5 determne that it has successfully recovered data associ at ed

with trackwo®@derowhen in fact it has recover ed da¥Fcrnsssnagt ed

w th neighboring track 168. As noted above, this type of error is known
as a data . msconpare error and its rate of occurrence is reduced 10 by
t he present invention. FIG-%is a block diagramof a disk
drive 198 representing one enbodi nent of a storage device of t he
present inventi ointeliEgke dini ¥LopRSESHBRIYgaat ' Nosle GRIRpter -

t hrough a host ¢ nputer i nt eri&?%e 15 .éOO -ﬂmhﬁs}? i%éﬁé&(fr?{r}é%:tg;gﬁ%o an - '
interface controlTerS505° YTiGF hif PR Wi i3 IhethineEmiaxtoonput er
Wi shes to w id d&nigka consistissef 284 particplascseddsapphiead agaipaakets to

interface controld ey128der dh@ PRASkidalar disPackets .contain data and
associated ‘| ogi cal block dresses t-hat identify where the data

0. a _
shoul d be B fored on dié‘%s"zoﬁ.ter 3G Y HIRTPCEFFOH 794t sends the
information i s s&eadal orapdh secyhinden er f Adentifhcation hosd CaEEgier

interface 200 @RdrobfocesésLhnd Woitrol RBEEL! BAMER B0kl Uasidy Jgy er f ace
controller 202. 25 cket, interface controller

For ch dat
202 separates t hERYEELPr ke hé’airﬁgi(‘?il_ Brotideridpedress  infRrRatdan the
| ogi cal bl ock addnges at eenisd isigeaflatchat isnipasesedodes sEr2)ontrol

Host interfage Msye8BMOSEs SEFer® ARLiGNAMiIRRSface 212. SMCL 208 also
. uses .the head identification to select the desired
head through a preamplifier serial'interface 214 that

connects to preamplifier 216.

Based on the c¢ylinder wvalue it receives

15 along servo serial interface 212, servo control sYé'i:e'm
210 rotates head 220 over disk 204. Head 220 reads
servo information from the disc as it rotates and
provides this servo information to read/write channel
222.. - Read\write channel 222 forwards;*fhis' Qérvo

20 information as analog servo data 224 to servo control
' system 210, which further corrects the position of the
head to finally locate the head at the desired
cylinder. . .

As servo control system 210 is positioning

25 head 220, host interface microprocessor 205 prepai'es
read/write channel 222 to write information to the
disc. In particular, host interface microprocessor
205 uses the cylinder identification to create a
control byte, which it passes to servo microprocessor

30 and control logic (SMCL) 208 as a parallel data value.
In addition, host interface microprocessor 205 passes

a register address that identifies a register in



30 a cylinder and sector for the data based on the | ogi cal bl ock

addr ess. In preferred enbodi nents, where the storage device is a
mul ti-disc drive, host interface m croprocessor 204 al so
det er m nesywidWwaLh@ed to use to wite the data to a di SGerhivekiiass

cont ext, a track consists of a particular head applied agai nst a
cylinder on- a particular disc. 5 Host interface m croprocessor
204 sends the head and cylinder dgentification to servo

m croprocessor and control logic (SNCL) 208. SMcL 208 converts the

paral |l el cylinder Qgg ﬁﬁ Lot naI t hat
passed to servo con r/ @513 2?6 Whe ga&%%rcl?gz; %’fZ‘F %? beSI\/CL
208 al so usessﬁ%%adsm%ngpﬁ @QPI"BH"-FO"—@@I mratmldmm1 bytiecad-
through a preanplidticrassersal i #hbuéaand? kppehds the Cﬂgfme% tf3dress

preanplifier 216. B nth | i Iue | rece| es 15
s7i9}, VA0 oot 95 chhen

al ong.servo seri aﬁ |r$terfgc Servo con Bt s head
220 over di sk520&egistay radiressisand té"@rw‘PmFﬂQ)} nbYtgntrOro'ma&;évmtzﬁ: as

it rotates and  chaidli dg32] hivhiter verbrésr Md OBohOrsEadyiel t £n Channel
appropriate register. . _
- At the same time,. interface controller 202
calculates error correction codes for the input data
10 and appends the error correction codes to the data.

Such error correction godés.are well known in the art.
When servo control system 210 has positioned

- head 220 over the proper cylinder, it passes a signal

to servo microprocessor and control logic (SMCL) 208
.15 over_éervo serial interface 212. SMCL 208 passes.this
information to interface controller 202, which
generates a write control. s:Lgnal that  is .passed to

read/wrlte channel 222 along write control line 229.

The wrlte control signal , indicates to  zread/write
20 channel 222 that it should begin to write data to the
disk. At the same time, interface controller 202
passes the input data and its associated ECC data to
read/write channel 222 along read/write data bus 232.

25 ' Before writing the data to the disk,
read/write channel 222 randomizes the input data and
the ECC data to reduce undesirable .effects that fixed
patterns have on. the performance of the read/write
channel. The particular randomization performed by

30 read/write channel 222 is controlled in part by a
randomizer control wvalue found in the control byte
produced by host interface wmicroprocessor 205. The



222. Read\wite channel 222 forwards this servo 20 infornmation as

anal.og servo data 224 to servo control system 210, which further
corrects the position of the head to finally locate the head at
the desired cyl i nder. As servo control system 210 is
posi ti oni ngo3d210tead 220, host interface m croprocessor 2PEI/[is98{32438s
read/wite channel 222 to wite information to the disc. 1In

. particular, host interface m croprocessor 205 uses the cylinder
identification to create a control byt&®-which it passes to servo

m croprocessor 30 and control logic (SMCL) 208 as a parallel data val ue.

I'n addition, hostnatuwefagfe ey opa;mdeaieatith p%seﬁlscusseﬂrmhét’r
address that identi S a register in :

-9- read/ wité channel 222 where_the control byte is to be st or ed.
SMCL 208 converts the paraPugingor¥ead iepexationgpt &he shestl cpmpusennd
appends the regl spREsesldaeskogical Obliditk ‘Sediéds Ve ho&ﬂcon%ﬂ&ert hen

passes the 5 %ﬁé%ﬁfacaed%tﬁ!ssto o%@ r?@&fat{% cyon(?:ztog_ reg%% ql cter
a

channel 222, v‘T?n ores the cont ) riat 8P
At the same tine, W%ﬂ@fﬁ%@%t#@l#@dm information at the logic

block. address. Interface controller 202 passes the

logical block address to host interface microprocessor

205, which identifies the head, cylinder and sector

‘10 ‘based on the logical block address. Host interface

microprocessor 205 passes the head and cylinder

information through servo microprocessor and control

logic 208 to servo control system 210 in é mannexr
similar to that described above for write operations.

F. 15 Servo control system 210 positions head 220

h at the desired cylinder using analog servo data 224

provided by read/write channel 222. Once the head is

in the desired .position, servo control system 210

passes a signal through servo serial interface™ 212,

20 and servo microprocessor and control 1logic 208 to

interface controller 202. .

While sexvo control  system 210 is

positioning the head, host interface wmicroprocessor

205 creates a control byte based on the desired

25 cylinder. This control byte is sent as a parallel

value to servo microprocessor and control logic 208,

which converts it into a- serial ‘control byte. Host

interface microprocessor 205 also passes a register

address to servo microprocessor and control logic 208,

30 which converts the ;_Sarallel register address into a

serial address and appends the serial address to the

serial control byte. The combined contxocl byte and



cal cul ates error. correction codes for the input data 10 and appends the

error correction codes to the data. Such error correction codes are
wel | known in the art. When servo control system 210 has
ositioned d 220 over the proper cylinder, it pass to
Eervo n1cropr or and control loegic (SMCL) 208 15 overﬁggpééggéélal
I nterface 212. SNCL 208 passes this information to interface
controller 202, which generates a wi{e control signal that is passed
to read/mwite channel 222 along wite control I|ne 229. The hmw:ée
control signal nch read/ wite.20 cha 222 that it. shou
begin to mm?te dafﬁ 3 ?ﬁeadérelﬁsﬁﬁ DRS¢l Eanﬁe?a rl?%t%??%%%lcgﬁ?roller
202 passes t hehenput thit acmtaolt sbyteocimt estd@@@ ddna &0 regiseed/ Wi te
channel 222 al ongjaeadiMéd dydeha Pagisiddr addtess - Before writing
the data to the disk, read/ wj te channe|, 222 randomi zes the |nput

data and- = the ECC data tTPIPedbeCTERE r £PRE matdon 1 Hzhat | xggrvo
patterns Have Son echetpelfsysbeme2bf hhe remditioned the di&m‘ned»ver Tme

particul ar randonazgiroa Renkanged D6eddrabea i e RANAEL 280 co.nt.rﬂol

controlled in part ndomi zer con val ue n
byt e producedsngﬂ€3t°Y?ﬁ(ﬂqgig; ﬁ?EFBﬂiodEEEbr2§@5 to Tggad/write

channel 222. The signal on read control line 230
causes read/write channel 222 to accept data read from
10 disc 204 by head 220. _ . .

Read/write channel 222 derandomizes the
randomized data and error correction codes read from
the disc. The randomized data and error correction
codes are derandomized based on the randomizer control

15 wvalue in the control byte produced by host interface
microprocessor 205. . _
~ The derandom:.zed data and error correction
codes .are. passed. in. parallel format to - interface
controller 202 across read/write data bus 232.
20 Interface controller 202 then determines if the .read
| data is correct based on the error correction codes.
If the data is correct, - interface controller 202
passes the data to the host computer through host -
computer interface 200. If the data is not correct,
25 interface controller 202 indicates that there has been
an error in reading the data.
i -FIG. 7 is a block diagram of read/write
channel 222 of FIG. 6. Read/write data bus 232 of FIG.
6 connects to a parallel interface 260. During a
30 write operation, parallel interface 260 takes parallel
information on read/write data bus 232 and provides it
to a randomizer 262 in eight-bit bytes as input data



-10- nature of the random zation is discussed further bel ow.

During read operations, the host conputer passes a ‘| ogi cal bl ock
address over host computer 5 interface 200 to host interface controller
202, al ong with a request to read the information at the | ogical

bl ock addrwe%sniohnt erf ace control |l er 202 passes the | DOT/USH8/22438 c k
address to host interface m croprocessor 205, which identifies the
head, cylinder and sector 10 based on the |ogical block address. Host

i nterface m croprocessor 205 passes t3@-head and cyl i nder

I nformati on through servo m croprocessor and control Jlogic 208 to servo
control system 24§3.n a manner simlar to that described above for

wite operations. 15 o el tr i 210 si-fi.0ons ad 220
at the desired cylinder us?%ﬁd%lﬁjé %‘8 %gravog%réié&z%? ,_1“?§€oﬁ%%% 3 _
read/ wite channdtasei up@hca t hanfemiizex contiplt ealwesi fedandosin i on,
;irzvozg_on” 3' Sy dciBréll byte RALHESH gj?dcﬁit&bllt f?de@!i@ﬁgigﬁm.serd&ittﬂdl;er-'f' ace
: an ery r essor, .and _caont.raol J.0qic R ) i.nterface
controll er '20%. redisteR’ 264 Wwh e :see?l\?t&ercéﬁtsr%blfse s?‘g’%ﬁ th?EO:"s i s
posi tioning the A&, bhoservatrigrerradessopr sodssontrol 208ier 8@Beofa
control byte basetkgnegt.he desired 25 cylinder. This control byte is sent

as a parallel value to SELY .cr:rgl oprocessor. angcggntroel- | 0 ica%%&
whi ch converts it into a sePTat t&H gl byte. Host" PEPT e % ce

m croprocessor 20BrHred plegias 4SMC) sREB setsddertrol orsgigber 264
M croprocessab anthrough Okek 081 C L0friite Wiceh CRRYER! Srddiaived alche!
register address IO byeed Yl RIULBRA bAPRIR 153006 YU o5
in a serial format from SMCL 208. Serial interxrface .
266 converts the serial control byte into a parallel
contxrol byte and based upon the serial register
15 address, stores the parallel control byte in 'con't:"rol
' register 264. In some embodiments, the control byte
stored in control register 264 includes additional
‘control bits beyond the randomizer control’ value “that
are used for different control purposes. In 3i:her
20 embodiments, the entire contxrol byte is the control
value. ' '
Randomizer 262 produces an eight-bit byte of
randomized data 322 for each eight-bit byte of input
data 263 that it receives. Each eight-bit byte of
'25 randomized data 322 is provided to encoder 268, which
encodes randomized data 322 using, for example, a run-
length-limited. code. Encoder 268 produces an N-bit
encoded output that is provided to parallel-to-serial
converter 270, which converts the parallel N-bits into
30 a serial signal.
The serial signal is provided to a precoder
272, which applies channel specific encoding to the



serial control byte. The conbined control byte and

-11-. regi ster address is passed to read/ wite channel 222 wher e
the control byte is stored in a register identified by the

regi ster aqghSssor Upon receiving confirmatpefusdsBdas Servo
5 control system 210 has positioned the head over the desired
cylinder, interface controller 202 sends a signal over read control
line 230 to read/wite channel 222. Jiesignal on read control line
230 causes read/wite channel 222 to accept data read from 10 disc 204

Py 120 220, i, R Yo ol G5 SLART G

random zed data and3 error di SC
randomi zed data amRFaded o rewltimlexer @tfes aMEldéPam%m 224 Ppasseéson

the r andom zer corglrtqierl&ugl uﬁtp&tt hes et 1 Q&oﬁytzﬁré&&i&cedﬁy d¥sthe

i nterface - mcro o) a and

error correction B d °marae slﬁa%lgéoduﬁaﬁlﬁgr BFngrnf gf"‘ﬂ%faé 9?%t erface
control |l er 2025acrSywshrondzatiocs dpabteéxn ZBmexxror nR2dsf ads cunﬁdol ker 202

then determnes i fgéﬂ&aﬁ:@@ynchr@ﬁlﬁatﬁo&%&t&@n@%ﬁ@toarbhglﬁﬁéar in a
correction codes. field before the data on ‘the track. ~ The signal passed
by multlplexer 274 is provided to write data pre-
processing circuit 278 which performs further
10 processing des:.gned spec:LfJ.cally for the write head of -
" the disc drive. Write data pre-processing 278 then
provides a write signal 279 to preamplifier 216 of
FIG. 6. |
During xread operations, read data 281 is
15 received from preamplifier 216 by automa'c:.c gain
. control (AGC) amplifier 280. . AGC ampl:.f:.er 280
adjusts the ampl:.tude of the ‘read s:.gnal and provides
an adjusted read s1gnal to s:.gnal process:.ng and data
_ detectlon c:chuJ.t 282 Based on the adjusted read
20 signal, s:.gnal process:mg and data’ .detection c:chuJ.t-
282 prov:.des a feed back signal to AGC ampl:.f:r.er 280
to help control the ampl:.tude of the adjusted xread
| signal. .
Signal processing and data detection circuit
25 282 also provides timing pulses to a clock generation
and data synchronization circuit 284. Based on these
t::.m:.ng pulses, . clock generation and data
synchronization circuit 284 creates a clock signal 285
that is synchronized to the data read from the disc.
30 Since clock signal 285 is provided to the remaining
elements of the read circuit, it allows the read
circuit to operate at bit boundaries of the read data.



If the data is correct, interface controller 202 passes the data

to the host conputer through host conputer interface 200. "If the data
is not correct, 25 interface controller 202 indicates that there has been.
an error in reading the data. . FIG 7 is a block diagram of
read/ writ ewosgoniev@nnel 222 of FIG 6. Read/wite data bus pégrissin2idsG 6
connects to a parallel interface 260. During a 30 wite operation,
parallel interface 260 takes parall el information on read/wite data
bus 232 and provides it to a random zef4.262 in eight-bit bytes as input
dat a -12- 263.

Random zer 262 random zes as p r.ando ro.-

control value found in s&&ﬂﬁ%odmﬁ{@? %éﬁleq E Sgt%on E@?Ctlo g?é? 264.

Control 5 regi st%}s"ZGPmé’l@ﬁé r%gl%qre\a]dl §é§§seﬂlml'e & atserjal-toset by
servo microprocesgsaralied convestorogss 208 &bde workd Goolﬁuiary detectox

el L) oo a¥E, ELA8 OR6AICESRhaaR) laerectd e he?0®

sets -control. regl ster ZEQ %. 9ﬁrou F ? gace %f%gigeﬁ/n )

recei ves theb boundaries of code words in the ser:l.al data s:l.gnal and-
generates a boundary detect s:Lgnal synchron:.zed to
those - boundaries. ' Serial-to- parallel ‘converter 286
uses the boundary detect signal to convert the data
signal into parallel N-bit codewords.

10 Serial-to-parallel converter 286 provides
its N-bit codewords to decoder 290, which applies the
inverse of the encoder rules used by encoder 268.
This results in 8-bit bytes of randomized read data
291 that are provided in parallel to derandomizer 292.

15 Derandomizer 282 derandomizes the  previously

- randomized read data 291 usirig a set of pseudo-random

- . data that is based on the value of the randomizexr
control value in control register 264, which is set
for read 'operations in the same manner ad discussed

20 above for write operations. The operation of
derandomizer 292 is discussed further below.

After derandomizing the randomized. data, _
derandomizer 292 provides derandomized data 293 to
parallel interface 260, which places the parallel data

25 on read/wr:.te data bus 232.

- FIG. 8 is a block diagram of randomizer 262
and derandomizer 292 of FIG. 7. In the preferred
embodiment shown in FIG. 8, randomizer 262 and
derandomizer 292 share some components. The combined

30 operation is achieved using two multiplexers 300 and
302, which are controlled by write control 229 and
read control 230.



control byte and the address of control register 264 in a serial format

from SMCL 208. Serial interface 266 converts the serial control byte
into a parallel control byte and based upon the serial register
15 addressy §&ﬁ0ﬁ§ the parallel control byte in control '? r 264.
In sone enbo I men the control byte stored in controf regrster 264

I ncl udes addi ti onal control bits beyond the random zer control val ue

t hat are used for different control purposes. In other 20

enbodi nents, the entire control byte is thée control val ue.

Random zer 262 produces an ei ht bit, byte of random zed data_322 for

each eight-bit byte of inp ing (Writo g operabipns, cWEitRs contrgl 229
ei ght-bit byte of caBsesamidtiipdexdat 30322t0 s ppssviitpatt clarzcoge3 Z&8m Whi ch

encodes random zegd,dah fle 322; Ml Ahedf OheBXAER! %naxr-kbﬁ eﬁci@é‘l‘l} - iy ted
code. Encoder 26 ro uces an N-Dbit ' enco t provided to

paral | el -fo- seri afi Eoﬁ@@rterXZ?B QQﬁ9ﬂ+QxﬁW%r?i h§e§SFXFPe@“RiBIts
into 30 a sersal bytgsal of ' - pseudo-randomThdatar ifxousi gnatandomr erimibest t 0 a

Pg_g_COder ._ 272, gahbehe 2Ry 's%%t%hatm:l.n%)GSb&' c e@ﬁgd'w-%1EO ﬁlg?es of
pseudo-random data are timed to appear at X-OR circuit
304 at the same time as_the 8-bit bytes of input data
263 passing through multiplexer. 300. .- For each
10 separate byte of input .data, a separate byte of
pseudo-random data is provided by random number
generated state machine 306. o
The numbers generated by random number
generating state machine 306 are pseudo-random in that
15 the numbers have no apparent relation to each other.
However, the numbers are not completely random because
random number . generating - state machine 306 will
produce the. same set of numbers in the same order each
time. it .is reset if. it i's_init:ialized with the same
20 randomizer seed. =  For different randomizer seeds,
random number generating state machine 306 will
provide different sets of pseudo-random data.
. In some  embodiments, random numberx
generating state machine 306 is reset by control logic
25 292, which sends a reset signal based on the edge of
write control signal 229 during write operations.
Afte-r being xeset, random number generating state
machine 306 begins to generate a set of pseudo-random
data beginning from a randomizer seed it receives from
30 parallel multiplexer 308. ' ‘
In some ewmbodiments, parallel multiplexer
308 provides a 10 bit randomizer seed that it selects



serial signal to produce an output signal that is provided to

mul tiplexer 274. Ml tiplexer 274 passes ei ther the "output” signal from
precoder 272 or the out put froma synchroni zati on pattern generator

276. 5 Synchronization pattern generator 276 is wused to generate
synchroni zstossweigratt erns that are placed in a field beCBfeIv2ae8dat a on
the track. The signal passed by multiplexer 274 is provided to wite
data pre- ~ processing circuit 278 which perforns further 10
processi ng desi gned specifically for the-Wwéi-te head of the disc drive.
Wite data pre-processing 278 then provides a wite signal 279 to

Srearrggilf i er 1‘3,16 fHom twgqafeaiﬁable rancliql?j.zer Béﬁlagagbremd cRRebE! ikpege I ead
Cara 51 2L AR Rl O B il Soclly BT
anpl i tude of the me&drdieFaal 388d garoveebect from aypuSFFd hexadedigedl to
Ut el T ead 20 G R N e it ot o qeveri®®
gsjz'u;rgvi dos 5 fa&p ga%‘kf’si 3%%1 ¢ Bh% aﬁﬁgi f i"é’r"mfggeg %f’o 'W&rﬁlésitroi
the anplitude of midipdiexercd30®ad Insithefle embodiments, giapadilel N
processing ‘and dahA tdeheskrORod Iiditds 2brs 28418&So! B¥twésn t tHé NgwBUl ses
ol o0k, 95ner ol Hhapse %501 e AEOBERD S (6 Jgtior BRECY O
synchroni zat i on fanfigmizes] conspds valupofkoni gantroBsregistemt 264.
synchroni zed1o0 t1if &é dof c@lebeORMbBaifesEs, Jbhe IEHEErs] O6KLEd 008l 2285 s
provi ded to the r%ggini n el ents %E éfuabr ad,circuit, it fgfrgws t he
read circuit 1o oﬁéﬁﬁgtg §P HFEE T es POF (1R (ESEPHatR
multiplexer 308 selects randomizer seed 3FF
hexadecimal and when the control bit is one, parallel
. multiplexer 308, selects : randomizer seed 177
--15. hexadecimal. ' ' ’ ‘
In other embodiments, the randomizer control
value contains the randomizer seed.. "In such
embodiments, multiplexer 308 and memories 310 and “312
arxe not present and the control value is - proi'}:ided
- 20 directly to random number generating state machine 306
by control register 264. - '
' X-OR circuit 304 performs an exclusive-OR
logic operation on a bit-by-bit basis between each 8-
bit byte of input data and each corresponding 8-bit
25 byte of pseudo-random data to produce a set of 8-bit
bytes of randomized data. - The 8-bit bytes of
randomized data are sequentially provided . to
~multiplexetr 302, which directs randomized data 322 to
encoder 268 of FIG. 7.
30 During read operations, read control signal
230 causes multiplexer 300 to pass 8-bit bytes of
randomized read data 291 from decoder 290 to X-OR



-14- , Si gnal processing and data detection 282 al so

provides a serial data signal to serial-to- paral l el convertor

286 and code word boundary detector 288. Code word boundary detector
288 determypesysidys S boundaries of code words in the serd@lydgiaasi gnal
and generates a boundary detect signal synchronized to t hose
boundari es. Serial-to-parallel converter 286 uses the boundary detect
signal to convert the data signal intg-parallel N-bit codewords. 10
Serial-to-parallel converter 286 provides its N-bit codewords to

decoder 290, which, Ii the |nvers coder rul.es used
encoder 268. éI]"h Q‘t s im P b':fltr gog‘f pﬁf%n 5,88 &% u&&?ﬁ'
291 that are pr ov(P%le%Pgw rReatdion @sdesawaaﬁpmzeé92ea45dat@ezahdendzer

292 fder angom zes sethebfd pé@m@-lk?dt rlﬂotl)n ddﬁldggbzgidﬁ%éfa% 28Aqemi Ny a
set of pseudo-rang ata,that is, based on value o oni zer
control value in C%r{g%erolge;g&a&gg 3te\/\ﬂf'dhl?% J.g‘g? a'Hilef8}"”"-'?‘(5':'51d°€pgrat|ons
in the sane nménnefR aeixpwidusPdd 20 Pl’a:bt;-\ﬂ@d tor mujtiipd exegeBaRi ombich, :
The operation Ofnder S AAWHRABACLE2Yalds c@h%%isatighwit b@b bgk wct s

et o ons.anr LRS TEG R, ap SER Btpraid E
paral l el data  of FIG. 7.
During read operations, pseudo-random data
10 320 is genersted by random number genei:‘ating state
machine 306 in response to a reset signal provided by
control logic 294 and a randomizer seed. The rxeset
signal is prow}ided on the basis of ah edge in read
control signal 230 and resete state machine 306 so
15 that it begins to generate numbers start:.ng from : the
randomizer seed. :

In some embodn.ments, one of two possible
randomizer seeds is passed by parallel mult:.plexer 308
dependlng on_ the value of a randomizer control bit

20 found in control reg:.ster 264 In one of these
embodiments, when the random:.zer control bit is "iv,
parallel multiplexer 308 pa'sses . randomizer seed 177
hexadecimal of memory 312, and when the randomizer .
control bit is "0", parallel muli:iplexer 308 passes

25 randomizer seed 3FF hexadecimal of memory 310.

In other embod:.ments, the randomizer seed is
provided directly by control registers 264 as
described above in connection with randomizing data.

In oxder to derandomize the previously

30 randomized read data 291 using X-OR circuit 304, the
pseudo-random set of data applied to X-OR circuit 304
must match the pseudo-rs.ndom set of data that was used



25 on read/wite data bus 232. FIG 8 is a block diagram of

random zer 262 and derandom zer 292 of FIG 7. In the preferred
enbodi nent shown in FIG 8, random zer 262 and der andom zer 292 share
sonme conponents. The conbined 30 operation is achieved using two

mul ti pl exemso $@owrnd 302, which are controlled by wi tpeTastds2eis 229 and
read control 230. - 15-

During wite operations, wite control 229 causes nultiplexer 300 to
pass i nput data 263 from parallel integface. 260 to an X-OR
(exclusive OR) circuit 304. X-ORcircuit 304 also receives 8-bit-. 5

bytes of pseudo egndpmaldite | LAY dcok2AIABRAND inpur IRARGA! bAGopLATe
machi ne 306. Theg blt Q:y tg’[e <dgseudo ndom data are-ti ne

appear at X-OR ci VEHFHR 34 HEGand D ihRers Wordsg. fhe BamPessst i nput
dat a 263 passefig pheodgmmatnpueuerbaoo udegt dash iendenméat anfiyt e

of input -data, gérasdiidiRl ﬁdﬁéﬂ'@lc@iar seboﬁﬁu.di.ﬁp{t@nm data.is provided
by random nun%er genereite state Ir e nurrbers
a

generat ed by random number Rﬁwﬁﬁ%ﬁ.?@ﬁ%ﬁ%ﬂ%ﬁﬂ%cﬁ?néegaBdSWéze the

pseudo- random i n rémdomized read data differs from the pseudo- data used
to randomize the correspond:mg input data, the
resulting read data will contain errors that are
easily identified by current error correction code
10 techniques. o . '

Under the present invention, if the data
being read actually belongs to the nominal cylinder
‘that host interface microprocessor 205 expects to be
reading, the pseudo-random set of data generated by
15 random number generating ‘state machine 306 will match
' the pseudo-random set of data used to randomize the
corresponding input data. - However, if the read head
is actually reading a ne:.ghborn.ng track and not the’
track that host interface 205 expects to be readlng,
20 the pseudo-random set of . data generated by random
number generating state machine 306 will be E:ompletely
different from the pseudo-random set of data used to
randomize the neighboring data. - '
This follows from the fact that in preferred
25 ewmbodiments of the present invention neighboring
tracks are associated with different randomizer seeds

that produce different sets of pseudo-random data.
Specifically, -even tracks are associated with a first
randomizer seed and odd tracks are associated with a
30 second randomizer seed. For example, if the nominal
track to be read is odd and was created using the
randomizer seed 3FF, its two neighboring tracks will



15 the nunbers have no apparent relation to each other. However, the

nunbers are not conpl etely random because - random nunber generati ng
state machi ne 306 w || produce the sane set of nunmbers in the sane
order eachwooeedipmse it is reset if. it. is initialized w tgcisessasse 20
random zer seed. For " different random zer seeds, random nunber
generating state machine 306 will - provide different sets of
pseudo-random dat a. - In SOAE9- enbodi nents, random
nunber ~ generating state machine 306 is reset by control logic 25 294,

which sends a res@d sédgdl &@&edwpmthﬁaeegebeén wedktbf. CQRLAG! ehgnal
229 during wite at.i ons é\_z abci]% re random nunber- gener ati ng .
state nachi nér%fi?"ﬁ'@&r@e?g & of pseudo- r andom data
begi nning from a randoni zeUndewd ther guesens fiwmiBlomarif| edhetukead! exer

oo |des' a.10 bi t ran?g{n?cff@gee%&s ??Efla%g%mnw He'ib%‘éhng t§9§k
rov .
P6. Bomth SOATEInG Teatoatsa, pResAced PX grzepfoniaes 292

enbodi nent s, the isvEo diiddedz e thcedsorBathptr htetface conmbllipkezez 308
can sel ect __flrom Hh 3EEsPByad@ehl8Ey that a read error has occurred

based upon the error correction codes embedded in the

read data. By identifying such errors, the present
. 10 invention reduces the occurrence of data miscompare -

errors.
' _ In Ehe description above, random number
generating state machine 306 can be any one of a
number of different random number generators that
15 produce a consistent -set of pseudo-random data given
| an initial randomizer seed. In preferred embodiments,
a 10-bit cyclical shift register is used to :produces
the 8- bit bytes of pseudo -random .data. Preferably,
the first eight bits of the .shift register are taken
20 as the eight bits of pseudo-random data and : the
seventh and tenth bits of the past shift register
state are exclusive-OR'd to produce the: eighth bit.
' In addition, the shift register preferably shifts 8.
times between each péeudo-random byte that the state
25 machine generates.

FIG. 9 is a flow diagram of the method of
the present invention for reducing the occurrence of
data miscompare errors. The method begins at step 398"
and continues at step 400 where the storage device

30 determines if the destination track is an even track
or an odd track. If the destination track is an even
track, the process continues at step 402 where a



and 177 hexadeci mal, which are stored in two nenories .5 310 and 312,

which are connected to parallel mul tipl exer 308. In these
enbodi nents, parall el mul ti pl exer 308 makes its sel ection between the

t wo avallable random zer seeds based upon the value of the
randoni zer WOMERIHP val ue fromcontrol register 264. 10 PRTYS®ZHS; hese
enbodi nents, the control value is a bit and when the control Dbit
is zero, paraIIeI “ multiplexer 308 sel ects random zer seed
3FF hexadeci mal and when the control?%it is one, paralle

mul tiplexer 308. selects random zer seed 177 15. hexadeci mal .

I'n other enbodi mpsesido-rendandeet zef dahar associated sfikh eem dimaskst he -
randon1zeglosee31§ produh@F sgggedt ondeF%Qd'@BFBSisEHFt'p|e&%r 34 and
menori es an are.not present, an e control value is provi
directly to rand@rﬁsﬁ'&ﬁﬁg? ®Ben ’Fﬁ? ng 3t afR n¥ ‘g i ner 3R the &5‘ roI
register 264, continues at %teR c46€w:tns{t©adpe¢forsm:an492clam ve- OR

| ogi © operatign Yuedde-kaffokl Ee@a%fs d&%tav‘f‘eﬁ‘dbo%élﬁlﬂea with odd f& ; of

i nput data and egch corres qulqg %bﬁ 35 e of pseudo-random data to
produce a set of & prpduce en of nﬂ%%%zed data. The 8-bit
bytes of : random zedAfuara eitdregr steQuetn2 aldry spepvi4ley, t che

mul tipl exer 302, %c@&sd'c%ﬁﬁiﬁuéénﬂenhéé da&awﬁzé’etehe pseudd\GffRion? 68 Of

FIG 7. 30 Dé i on agl cgntrol s%

230 causes mul ti f%xePE Bt?olﬁas%° ‘tﬂet b‘fl’t%g 2t 4% 'SPead

data 291 froAPdecwaeiondgedt glataGR At step 408, a write signal is
generated that is based in part on the randomized
data. _The write signal is then applied to the write
head to store data on the medium in’ the step 410. The
process ends at step 411. : '

- 15 FIG. 10 is a flow diagram of a further
method of the present " invention for reducing the
occurrence of data miscompare “errors that cooperates
with the method of FIG. 9. The method of FIG: 10
begins at step 412 and continues at step 413 wheTre a

20 read signal is generated from a source track usirig a
read head. In  step 414, randomized read data is
extracted from the read signal.

In step 416, the storage device determines ‘
if the source track is an even track or an odd track.

25 For an even track, the process continues at step'418
where a pseudo-random set of data associated with.even
tracks is created based on i:he even seed. ' If the data
that was read actually came from an even track, the
pseudo-random set of data applied in step 418 matches

30 the pseudo-random set of data used to randomize the |
write data before writing it to the track.

If the source track is an odd track, the



-17- circuit 304. X-OR circuit 304 perfornms an excl usive- OR logic
operation using random zed read data 291 and a set of pseudo-random
data 320 provi ded by random nunber generating state nachine 306. The
out put of XyoogngefgR Circuit 304 is provided to nultipl exerpcfidsesitskssn,

under the control of read control signal 230, directs t he output as
read data 293 to parallel interface 260 of FIG 7. Duri ng
read operations, pseudo-randomdata 10 328yis generated by random number
generating state machi ne 306 in response to a reset signal provided by
control |ogic 294 r | zer _se Jhe Jeset signal_.Ls psovided
on the basigs of a%&g%eg% ic%%gg‘g']&eg agcgg??o?ﬂgildlr%%a-%ﬁfaﬁhg eé%%s sé‘éte .
machi ne 306 so 155temaA20i depgerde-randem geé efndets sssociagedrwithhe '
rangomj zer seeg. odd tracks bisléréﬁm%m raliﬂttﬂae c(s_)&gaa sée%.v\o pﬁ_sehél e o
random zer seeds ks, pa paral. el .nultipl exer. epdi ng on e,
val ue of a-randon¢§%$ %%%?tg stFaSOa' 3ﬁhgyiﬁaggntﬁﬁmwaﬂﬁgﬁgrgf%ﬁg' I n
one of these 5 Umpowssudosranfen sgt refhddataecrapdiad| ibi stiep "420

paral el mltipl exgEckéld Passespseidbtzfiorsedétl7of adiaxadesddrl tof

menory 312, and when.the rapdom zer contral bit i.g."0",. a-rallgil
mul tipl exer 308 pﬁ%%%%r %Omr?é'-'e s%%'aa3 ﬁ%ﬁﬁﬁad’g& g o:fgrr&r?or %10,
I n ot her enbodi ne®¥acki he randoni zer seed is provi ded directly by

control registers 264 as at dassy | O2F, abRY CpsBudONNRTddnOsel L I aRdeM zi ng
data. 10 is combined with the randomized read data to produce -
read data. This read data preferably includes ECC
data. _ ' '
In Table I below, column B shows the
randomized write data resulting from the corresponding
15 host write data in column A. Two groups of data are:
- shown. The first group is the randomized data
generated when the randomizer . seed is Ox3FF and the
second group is generated when randomizér seéd is
0x177. Both groups. havé_ the g}ame, host data.
20 In a 'typ'ical read operation, the randomized
~ read data is decoded, then derandomized, using the
same randomizer seed that was used while w'riting the
data. Columns C and D show the results of this-
process. The derandomized read data that is sent to
25 the host is shown in column D and is the same as the
original data written for the host in column A. If the
data-was read without error, the error correction code
will agree with the data and no error will be
detected. If an error is detected, normal methods are
30 used to recover the data.
If the seed used during a xead operation is
not the same seed that was used when the track was



In order to derandom ze the previously 30 random zed read data 291 using
X-OR circuit 304, the ~ pseudo-random set of data appliced to X-OR circuit
304 must match t he pseudo-random set of data that was used

- 18- to random ze the corresponding input data before

witing it Wo9%87di sc. | n other words, the sane set ROT/USIBR248D - dat a
must be wused to random ze and derandom ze a. particul ar set of

i nput data. 5 | f the pseudo-data used to derandom ze the

random zed read data differs fromthe psetki>- data used to random ze
the corresponding input data, the resulting read data will contain
errors that are writssi, yeheleasrdh@shived uddEent retithedOtbedHeOmende 10

t echni ques. . . der t rese invention,.if the, dat bei ng
read actual |y belv(gjfl]g]é & %%eq{lhgm %51% %3?/3] ?ﬁﬁe?nggngﬂalﬂoﬁ‘és?rﬁﬁ e&’l‘%&e |

m croprocessor 205PexgRAmized ata genexated, fope Fheudmmeanckad stataf data
generated by .15 fwdﬁﬁ?ngﬂﬁﬁérﬂﬂﬂdeééédéggﬁabe aﬁéﬁl'aa il Ip g@d&h. )
t he pseudo-rando a ed to_ random ze the .. corresppndi I nput
dat a. Hovveve;g,j F%gf‘]&lmerI’ g.adk%eal{'a‘lose cofumns SEOW, using a glPPerenrl:q . :
' : seed wh_en reading than when writing creates extreme
differences in the data provided to the host. When the
derandomized data is so different from the original

host data the error correction code does not agree

10 with the data and an error is detected.

A B C b ) 3] I

[Original | Random | Decader | Derandom [Decoder|Derandom
Host Write | Output, |Read Data |Output, Read
Write |Data to| Random to Host | Random | Data to
Data Encoder Read Read Host .

" Data Data T

Write using seed| Read using seed = |Read using seed |

= Ox3FF 0x3FF = 0x177
82 9D 9D 62 9D EA
CI A2 y-V-3u T T AZ 75
91 98 98 91 98 2B
U0 59 59 00 - 59 62
&F BZ B2 (33 B2 AF
75 ) gF | . 75 gF DT

[Write usinig seed| Read using seed = |Read using seed |

= 0x177 0x177 = 0O0x3FF
Y 15 _ 15 62 15 EA
Cl lo 16 CL 16 15
g1 22 22 91 22 2B
00 3B 3B 00 3B 62
oF T2 T2 GF T2 AF
75 3B 3B 75 3B DI

In summary, the present invention provides a

method and a disc drive -for reducing the occurrence of

15 data miscompare errors. The method includes the steps
of identifying a destination track 166, 164, and 168,

as either an even track 164 or an odd track 166, 168.
Write data 263 is combined with a pseudo-random set



Is actually reading a neighboring track and not the track that host
interface 205 expects to be reading, 20 the pseudo-random set of data
generated by random nunber generating state nachine 306 will be

conpl etel y WO9@1¢Merent fromthe pseudo-random set of dat aPCBUSPSLRBI3S
random ze t he nei ghboring dat a. This follows fromthe fact
that in preferred 25 enbodinents of the present invention neighboring
tracks are associated with different randonR3er seeds t hat produce
different sets of pseudo-random dat a. Specifically, even tracks are
associ ated with adf reita 320r ardqiiadices epthdoil 240 datac ke Ar a0 Ehat ed
a0y £ooond BsRUAARoRoEde oFORafIBh 1o Lol 06 B8 Ao, nadicach

to be read is odd mas create onT Zer See :
two nei ghboring tr°§c giiher the destinat:.on track 164 is an even trapk':

be even and W ldr @mnweid aesck Wi At eritel Bggnkhe 279, &?&@ﬁﬂb&eﬂgﬁﬁ% :
hexadeci nal Yad ent . Lnvention the rea ;
head m stakenlfl readspadr%a Br gfn?'%&%elﬂg %orglgﬁa‘ track, is w?htt rnesﬁ?tltr‘ll& '
data produced by G@skidgsisartyack 164is so filled mnth errors that :
interface controller 202 iInCatrebeitedi dabbafiehbad] &HLARELRS®' ANES
occurred

includes identifying a source track as either an even
track 164 or an odd track 166, 168 ‘and reading from
10 the source track to produce a read signal 281.
Randomized read data 291 is extracted from the read
signal 281 and is combined with a pseudo-random set of
data 320 to produce read data 293. Pseudo-random set
of data 320 is based on whether the source track is an
15 even track or an odd track.
The present invention also provides for a
storage device for storing information in tracks on a
medium. The storage device includes an input circuit
202 capable of receiving input data from the host. An
20 addressing circuit 204, 208 is alsc included that is
' capable of designating a destination track as either
an even track or an odd track. A randomizexr 306
coupled to the addressing circuit 204, 208 is capable
of generating a first set of random data if the
25 destination is an even track and a second set of
random data if the destination is an odd track.
Randomizer 306 is further capable of combining input
data 263 with a set of random data 320 to produce
randomized data 322. An output circuit 302, 268, 270,
30 272, 274, 278 coupled to randomizer 306 is capable of
creating-write data 279 from randomized data 322. A
head 220, 216 is coupled to the output circuit and is.



based upon the error correction codes enbedded in the read data. By
identifying such errors, the present 10 invention reduces the occurrence
of data m sconpare errors. In the description above,
random nunber generating state nachi ne 306 can be any one of a

nunber of WOPUIBTX random nunber generators that 15 prodeGrASAsRWBEI St ent
set of pseudo-random data gi ven an initial random zer seed. In
preferred enbodi nents, a 10-bit cyclical shift register is used to
produces t he 8- b|t byt es of pseudo-r atRizin dat a. Preferably, t he
first eight bits of the shift register are taken 20 as the . eight bits

of pseudo- r andomcapiablearsE t #eitingsWrakeh @itd t21d hebi ts” QEsElﬂﬁa’Qf&t. Sh' ft
regi ster sta e exclusive-OR d to produce the eighth: .bit. '

addi tion, the shi £ reglster preferably shifts 8 - tinmes, between each
pseudo- random byte that th&istBrefezre c#Whﬂ9k$9m§Sategandomlzer 306 FIG

9 is a flowdi agmmaeést he neébododf pseuddiardrideueniativephbda féu reduci ng
t he- occurrencg d°m§%%9 Sgonpare errors. . The nmethod begins at step’'398
and contlnues at 5 ere t he storage deV|ce 30.determnes if, the

destination track is an evER pEhex preferred ewoodiments, fa trmadidsadation

track is ah even220 féﬁcl&:eddiezgoraﬁeas 2ENTIFRURS A SRR 02 ribRr 6.4
coupled to a read circuit 280, 282, 288, - 286, 290 that
conditions the read 31gna1 281 to produce randomized

10 read data 291. A derandomizer 292 coupled to the ‘Yead
" circuit is’ capable’ of combining the randomized read
data 291 with set of random data 320 to produce
- derandomized read data 293.

' Although ' the present invention has been
15 described with reference to preferred embodlments,
workers skilled in the art w:.ll recognlze that changes
- may be made in form and detall w1thout depart:.ng from'

the spirit and scope of the 1nvent:l.on C



- 20- pseudo-random set of data associated with even tracks S
produced based on the even seed. If the destination track 1is
an odd track, the process continues at step 404 instead of step

402 and a o-random set of data associated wi th odd
pr oduced basegﬁﬁﬁgthe odd seed. After eltherpéﬁg%ﬁéﬁgsor step

404, the process continues at step 406 where the pseudo-random set
of data is combined with wite data to prodgce 10 random zed data. At
step 408, a wite signal is generated that is based in part on the
random zed d TT ite signal is then applied to the wite head
to store data on ' istep 410. The process ends at step
411. 15 1. FIG W storagd |davidiengiamm sfforimd umfeamationmehhod -

of the present LpyeRsid a hRaibR(UEREGtddite deviBRUELRBES g iata
m sconpare errors that cooperajes EEthOd 0 The

method of FIG 10 : begi r?sna’tn@’ttepf”zﬁ"?%ncf e $s %ﬁces‘t"é‘&?%}&?%ﬁeré a
20 read signal is generated frdata sdiwame taackosisi ngnd: .capabbd hegd.

I'n step 414, randoni zed read dghRatSng sgggga&tqﬂh oggg@g.rgﬁd shgnal .

In step 416, the storage device deternines e source track 1's an
even track .or an odd track. 25 IPBYt 9AtB¥en track, the process ‘continues-
at step 418 where a pseudaxkhnﬂmﬂmgebzw&uﬂateapahlﬁﬂdn(ﬁbsﬂgﬂatemgn

tracks is created based on the g Vﬂﬂﬁéfﬁﬂktﬂdhtéyi ¥ eithd@ ofa%ﬂga app|led

actual 'y cane froman even track om set
in step 418 matches 30 the pseu&ﬁ“thﬂﬁn?Eé? dtr@akd used to randomi ze the
wite data before witing id txandumizenﬂ<coupled to the addressing

circuit and the - input c:chuJ.t and
capable of generating a first set of
random data if the destination track is
an .even. track and a second set of
randpm data if the destlnatlon trjack is
an odd track and of combining storage
data with a..set of random data to
produce randomized data; :

an output circuit coupled to. the randomizer
and capable of creating write data from
the randomizer data; and _

a head coupled to the output c:.rcu:.t for -
writing the  write data to the
destination track.

2. i The storage device of claim 1 wherein the
random:l.zer comprises a state machine ‘capable of -
repeatedly generating a particular set of random data.

3. The storage device of claim 2 wherein the
state machine uses the same method but different

\ll\ll\ \\\l\\ ] \\l\l \\ \Il\



If the source track is an odd track, the :
-21- process continues at step 420 instead of step 418. At step
420, a pseudo-random set of data associated with odd tracks is created
based on the odd seed. If the data that was read actually canme from an
odd track, WO MMOseudo-random set of data applied in stePFASIS22438mt ches
t he pseudo-random set of data used to random ze the wite data before
witing it to the track. At step 422, the pseudo-random
set of data 10 is conbined with the rando#fized read data to produce
read data. This read data preferably includes ECC . data. '
In Tabl e | bel ow, randomizdt Heeds ltlmegeneraaadddrfferlentlsetsiadsﬁ r&sadui i ng
fromthe corresp ﬂgé ? 15 host wite data in colum A Two groups of data
i

are shown. rst group .is the random zed: data - gener at ed
when the randomizer seed is Ox3FF and the second group is. gener ated
when random zer seed is TI@(l'éEongtah deviips hafe.theimane howttikat a. 20
In a typical readg féuﬂl t he random zed read data i's decoded; then
der andoni zed, usi ng e ' :

a read head capable of reading read data
from a source track to produce a read
signal; _ .

~ a read circuit -c'ou"pled to the read head for
conditioning the read signal to produce
randomized read data;

a derandomizer, coupled to the read circuit
and capable of combining the randomized
read data with a set of random data
from the randomizer to  produce
derandomized read data. '

5. © The storage device of claim 4 wherein the
addressing circuit -is capable of designating ‘the
source ti:'ack as -eithe_r' an even track or an odd track
and the randomizer is capable of generating the first
set of random data if the source track is an even
track and the second set of random data if the source ‘
track 'is an odd track. o

6. . The storage device of claim 5 wherein when
the read head reads an even source track and the
addressing circuit designates the source track as an .
odd track, the derandomized read data contains
identifiable errors.

7. A method in a disc drive for reducing the

* [ L L S *



sanme random zer, seed that was used while witing the data. Colums C
and D show the results of this process. The derandoni zed read data that
is sent to 25 the host is shown in colum D and is the sane as the

ori gi nal daye o¥miehé en for the host in colum A If the Eq;uﬁ,dp% fg’ €ad

W thout error, the error correction code will agree wt ata and
no error wll be detected. If an error is detected, normal nethods are
30 wused to recover the data. o the seed used during a read
operation is not the same seed that was used when the track was _
-22- witten, the derandom zed data returned to the host. will not.
be the sane as t h&°GPFETRET t 52 e BEfiCPMPAre DEXXAYSN zERSdabgthod
generated from t heoppmbsimmdstegtsaof: for two different seeds can be seen h

in colum D and 5 -<colum f) Aslaggéff};ﬂ{él S&Q&‘Eiﬁ@é%f @Hél?f enf :

seed when teading than when. Wl‘ltllﬁ_g] creates extre erences in the
data provided to the host. Wen SHeT anjeveRIbFRSE L% A% 9dd dxagkit er en

fromthe original . . host € a combieviner wpitectdaua ccwi&l'doas peéude+ ee’
random set . of data to produce .

randomized data, the pseudo-random set
of  data 'selected on the basis of
whethexr .. the destination track is an
even track or an odd track; and

(c) writing to the destination track using a
write signal that is based at least in
part on the randomized data.

. 8. - The method of claim 7 further comprising
.steps of: :

(d) identifying.a source track as either an
even track or an odd track;

(e) reading from the source track to produce
a read signal;

{(f) extracting randomized read data from the
read signal; and

(g) combining the randomized read data with
a pseudo-random set of data to produce
read data, the pseudo-random set of
data selected on the basis of whether
the source track is an even track or an

odd track.
9. The method of claim 8 wherein the write
signal is produced in part -by encoding the randomized

data.

A O



10 with the data and an error is detected. A B is

original Random Decoder Derandom Decoder Derandom " Host Wite
Qut put, Read Data CQutput, Read Wite Data to Random to Host
Random Data to Dat a Encoder Read Read Host

Dat a WO 99/21019at a wite using seed Read using seexdnssodzdB usi ng
seed = Ox3FF Ox3FF ' = 0x177 62 9D
9D . EA d 75 91 98 98 91
98 2B 00 59 -2800 . 62 6F
B2 B2 6F 75 9F 9F 75 9F _mwite usi ng seed
Read using seed = = . ~ . Read using seed S = OXATT - Ox77
ClC)(SFF 91 6120 15 A ]fnethodgff encod:zng da]tfz feﬁr storageBgaCl 16
00 3B 62 storagea Ryedivne hav:.ng nacks,- the 7@eBhéd comprising 3B
3B 75 . -stéps of: e In sunmary, . the present

i nvention provides a. . ng Eﬁ ) di.sc .drive redu0|ng
occurrence of 15 data misd8 §F§a fLPgr §rr?ﬁ'e°f?€f:ﬁ881?ﬂc?89% iEHE theps
of identifying a destination trdskai66and 64 conadtéf8ting asheei t keroan even

track 164 or an odd track 166, &88rectiodV kbledald 26Rei %a‘{:%nbl‘:@ego%th a

pseudo-random set unrandomized data;

(b} identifying” a ‘category for a destination

" track where “write data based on the

unrandomized ‘data is to be stored on
the medium; ‘and _

-(c) creating randomized data by randomizing
the wunrandomized data‘' using  pseudo-
randomized data that is selected based
on the category identified 'for the
destination track. -

(T



- 23- of data 320 to produce randonm zed data 322, where the :
pseudo-random 5et of "data 320 is selected on the basis of whether theg

destination track 164 is an even track or an odd track. A wite sign§
279, based at least 5 in part on random zed data 322, _is mm%%# nto thg
dest i nat i WAMEHEX 164. In preferred enbodi RENUS® met hod§
al so I ncl udes identifying a sourcqlérack as either an even track §
164 or an odd track 166, 168 and reading from10 the source track to
produce a read signal 281. Random zed read data 291 is extracted fro
the read signal 281 and is conbined with a pseudo-random set of

data 320 to produce read data 293. Pseudo-random set “of data 320is
based on whether the source track is an 15 even track or an odd track;

The present invention also provides for a storage device for:.storihg [§
information in tracks on a medi um The storage device includes an: [§
I nput circuit 202 capabl e of receiving input data fromthe.host. An 40§
addressing circuit 204, 208 is also included that is - capabl e of ’

designating a destination track as either an even track or_ an odd "} ¥
track. A random zer 306 coupled to the addressing circuit 204, 208§ s§
capabl e of generating a first set of randomdata if the 25 ‘destinatiton§

is an even track and a second set of E;andon1data if the destination ts

an odd track.
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Random zer 306 is further capable of conbining input data 263 with a

set of random data 320 to produce randomnm zed data 322. An out put
circuit 302, 268, 270, 30 272, 274, 278 coupled to random zer 306 is
capabl e of creating wite data 279 fromrandom zed data 322. A

head 220, vadéwdisrscoupl ed to the output circuit and is  PCI/US9I822438

- 24- capable of witing wite data 279 to a destination track.

In preferred enbodinments, random zer2/8306 creates a set of
pseudo-random data based on a 5 randon zer seed. ' _ In .
ot her preferred enbodi nents, a read head 220 for reading data 281
froma source track is ~coupled to aread circuit 280, 282, 288, 286,
290 t hat - conditions the read signal 281 to produce random zed 10 read
data 291. A derandom zer 292 coupled to the read o circuit is capable of
conbi ning the random zed read data 291 with set of randomdata 320
to produce derandom zed read data 293. - Although the

present invention haN been 15 described with r&@®rence to preferred
enbodi nent s, é}

Fig.
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workers skilled in the art will recognize that changes may be made in

formand detail wthout departing from the spirit and scope of the

i nvention. -25- WHAT IS CLAIMED IS 1.
A storage wewssRgorbor storing infor mation in tracks on a MepdiTVURYS/22a88 St Or age
devi ce conpri si ng: an input38rcuit capable of receiving input
data from a host and: capable of creating storage data
based on the i nput dat a; an addressing circuit
capabl e of designating - a destination track as either an even
track or an odd track; ‘a random zer coupled to the addressing
circuit and the input circuit and - capabl e of generating a
first set of random data if the destination track is

an even track and a second set of random data if the _
destination track is “an odd track and of I ni ng storage.
data with a set of randocrs: ata to ; : _produce___'g%n_dom' zed data; .-
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an output circuit coupled to the random zer and capabl e of

creating wite data from the random zer data; and: a
head coupled to the output circuit for witing the wite
data to t he destination track. 2. - The storage
devi ce of VAP herein the random zer conprises a st at cPOUAISIBRAI3E apabl e
. of repeatedly generating a particul ar 4gg8 of random-dat a. 3. The
storage device of claim2 wherein the state machine uses the same nethod
but different pw -_=26- random zer seeds to
generate different sets of random dat a. 4, wQ e storage device of
claim 1. further conprising: - a regcﬁlga apabl e of reading read
dat a TSy o _ '
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froma source track to produce a read si gnal ; a

read circuit coupled to the read head for condltlonlng theé

read signal to produce random zed read dat a; : a

der andom zgyg oofqeHel €d to the read circuit a%ﬁlfs%ﬁ& of
conbi ning the random zed read data wth a set of -random dat @

from the randomizer to  produbf der andom zed read dat ag
5. The storage devi of claim4 vvherel n the addressing circuit is %
capabl e of designating th¢2gource trackg s @j ther. anlevien|track or an odd 9
track and the random zer i%|capable of genatpating t ¥l r$t set of random F
data if the source tra an even trag d the s'g' duget of random dat a
dd_track. __@ .- The_stOr Bye device of cl-ai mg
] reads an.e @pd the addr essi'ng %
Se traclk as: : erandonn zed. read

5 wherein when the read h
circuit designates the s

data contai hs identifaplgerrots ; _l Aﬁmet &e-irria di sc idri ve. for
reduci ng thg g% ﬁ o 29 N
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-27- occurrence of data msconpare errors, the nethod conprising

steps of: (a) identifying a destination track as
either an even track or an odd track; _ (b) conbining wite data
with a pseudo- random set of data to produce
randoni zedW@#R107? he pseudo-random gpg of PERUSIBEect ed
on the basis of whet her the destination track is an
even track or an odd track; and o (C) witing to the destination
track using a wite si tigat is %sed at least in
part on the random zed data. 8. et hog claim?7 further
conprising steps of: ' (d) ide ng aagow track as either an
even track or an odd track; ' adi ngd he source track to
pr oduce .. a read signal; acting random zed
read data fromthe : read ysf @I ; a (g) -conbi ning
the random zed read data with B a pgeudqprapdom set of data to
pr oduce o - read data, the -randomgsgt of -
data sel ected on the basis of whethgr : E&he source track is an
even track .or an od®Rtrpck. o & '
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9. The met hod of claim8 wherein the wite signal is produced in pa

by encodi ng the random zed dat a. -28-%

10. A nmet hod of encodi ng data for storage on a storage nmedi um havi ngg
tracks, thevg®idie¢® conpri sing steps of: (a) creatpciausdssRss 3
correction codes for the a data and concatenating thé errd
correction codes to the data to for“ unr andom zed dat a; L 1
(b) identifying a category for a destination track where % .
wite data based on the unrandomi zed data is to be stored on§
the nmedium and (c) creating randoni zed data by _randomi zing s
the wunrandom zed data wusing pseudo- random zed ‘data t hat

i s sel ected based on the category identified for the
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