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I'nvention This invention relates generally to head offset calibration in a
disc drive, and, in 5 particular, to nmeasuring optinmal reader-to-witer

of fset of a head for reduced track msregistration (TMR). Background of
the Invention Disc drives are data storage devices that store digital data
in magnetic formon a rotating storage nediumcalled a disc. Mddem di sc
drives conprise one or nore rigid discs 10 that are coated with a
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at a constan I gh speed. Each surface of a disc 1s divided 1nto several

t housand tracks Dit HOHR DHCOED TRACKMISREGIMERATION G | ar i n

| ayout to the annual growth rings of a tree. The tracks are typically
nunbered starting fromzero at tggaar?ﬁkjﬁgpaéed outernost the disc and

I ncreasing for tracks |ocated cl of the Yyer er of the disc. Each track
is further 15 broken down into data sectors and servo bursts. A data sector
i's normal |y t MRisSiidtidntrelated Seneralipiol Nead SEQ caRbYation!fti 4 digé divé, AndBihi ON
stored in a disc drive and typically holds 512 bytes of information plus
addi t § onpartigylagdo measiringaptimal deadewtocwriter offsetrod adead forgedused track and
correction. This.or lzation of data allows for easy access to any part of
the di scTUSTREN ?Qﬂ?éﬁgﬁgit is a particular magnetic signature on a track,
which facilitates positioning of heads over 20 tracks. Cenerally, each of
the multiple discs in a disc Qdckgrdiail Fthethddmibni th it two heads (one
adj acent the top surface of the di'sc and anot her adjacent the botton) for

witing and reading data to or froma sector. Each head is nounted at the
di stal end of Dis¢ drives areotatastarage Hevicesthatritiore digitgl date remagraticaem phviot s

divsc. dr i G e’ Bibutper AR dise” MAREGH e Pt an ot iR mop BB ik o1y
are lémuﬂiaegre%aﬂaﬁés]tlﬂf@ﬂﬂgneﬁzgﬁlﬁ nfRIRGH 3he MouhRdRABShuRHh ¥indl8mdtboRg t he

| ongi tudinal axis o ) .
rotation at a constant high speed. Each surface of a disc is divided into several thousand

)

tracks that are tightly-packed concentric circles similar in layout to the annual growth rings of
a tree. The tracks are typically numbered starting from zero at the track located outermost the
disc and increasing for tracks located closer to the center of the disc. Each track is further

15  broken down into data sectors and servo bursts. A data sector is normally the smallest
individually addressable unit of information stored in a disc drive and typically holds 512
bytes of information plus additional bytes for internal drive control and error detection and
correction. This organization of data allows for easy access to any part of the discs. A servo
burst is a particular magnetic signature on a track, which facilitates positioning of heads over

20  tracks.

Generally, each of the multiple discs in a disc drive has associated with it two heads
(one adjacent the top surface of the disc and another adjacent the bottom) for writing and
reading data to or from a sector. Each head is mounted at the distal end of an actuator arm
that extends toward the disc and pivots about the bearing shaft assembly connected to a voice
25  coil motor in the disc drive. A read element (or a reader) and a write element (or a writer) are
mounted on each head. A gap separates the reader and writer along the longitudinal axis of

the actuator arm. The head skew angle, which is the angle between a tangential line to a track



the actuator arm The head skew angle, which is the angle between a
tangential line to a track -2- and the |line drawn along the |ongitudinal
axis of the actuator arm changes as the head noves fromthe inner

di aneter to the outer dianeter of the disc, and vice versa. The conbi nation
of the gap and the varying head skew angl e causes the radial distance
between the path of the reader on the di-3t and the path of the witer on
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header s an at a nethod 1s to wite t rnating
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actuator armduring a read operation. For, exanple according to the first
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identified, the actuator armmnust performa mnijog to position the witer

over t hesegyercerbugfwsite thp datatfields ajan ofsetdrom thei seevofinlds inprderdo takedeto dat a

field. The -to-witer offset is the dhstance.kh uat o must
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M nij og HeitdbpeeRtidnl ther8RRE First reads the address headers and compares them to the target
address. If the address read from an address header matches the target address, the writer

20  writes the data in the data field. However, as soon as a target data field has been identified,
the actuator arm must perform a minijog to position the writer over the data field so that the
writer can write data in the target data field. The reader-to-writer offset is the distance the
actuator arm must displace in order to position the writer over the target data field. This
micro minijog of the actuator arm to position the writer over the data fields is not required

25 according to the second method since the data fields are already prewritten at an offset, which
is substantially equivalent to the reader-to-writer offset. However, just the opposite during a
read operation, the actuator arm is required to perform a micro minijog to place the reader

over the data field.

This reader-to-writer offset measurement is crucial since it will impact the disc drive

30  performance against the track misregistration (TMR). TMR generally refers to position errors



over the data field. This reader-to-witer offset nmeasurenent is crucial
since it will inpact the disc drive 30 performance against the track

m sregistration (TMR). TMR generally refers to position errors -3- of the
head between the target head position and the actual head position

i nfl uenced by external disturbances such_as disc flutter, runouts, disc
vi brations, etc. The reader can read goda'data (i.e., data that contains
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might displace the head outside the OTC of the head.

The main technique that is currently used to determine the reader-to-writer offset is
known as the bit-error-rate (BER) technique; however, this technique does not require that the
target head position be located at the center of the OTC of the head. Accordingly, there is a

20  need for determining an optimal reader-to-writer offset value that allows the target head
position to be located at the center of the OTC of the head and provides better protection
against TMR. '

Summary of the Invention

Against this backdrop, the present invention has been developed. The present
25  invention essentially is a method of and an apparatus for generating an optimal reader-to-
writer offset for a head positioned over a track on a disc in a disc drive having a plurality of
tracks. A reader and a writer are mounted on the head in a non-overlapping manner with a

gap between the reader and the writer, which is known as the reader-to-writer offset.



writer offset for a head positioned over a track on a disc in a disc drive
having a plurality of tracks. A reader and a witer are nounted on the
head in a non-overl appi ng manner with a gap between the reader and the
witer, which is known as the reader-to-witer offset. -4- A disc drive
controller is operably connected to the rﬁader and the witer. The disc
drive controller determ nes the reader to-witer offset of the head for
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the bit-error-rat conputed after reading the information over a
pl ur al i t pffeét tdirsad infovmhtion written on thesteack lvato writqinéstetationon dlik travkeshol d BER
val ue. 15 The second head position x2 is determ ned by measurl ng a first
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position nearest .20 the firs e of t ack pitch on which the BER is
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position %Eﬁ-ﬁﬁﬁﬁﬂﬂﬁgsﬁ d BBR wigond head position nearest the second edge
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of the t ack prtc position the BER is | ess than or equal to the
m ni nrum t hreshol d BER val ue. 25 The first head position paraneter P 1 is
det etsri ned by Thesedond headjpdsitior xDideletepmarted biyeneabining a ficky beamf pdsitiont r ack
pitch, neasuri n% BER over % predeterm ned nunber of disc_revaql utions,
parameter P1 and a second head position parameter P2 and computing the midpoint between
the first head position parameter P1 and the second head position parameter P2. The first
head position parameter P1 and the second head position parameter P2 are the two end points
of the OTC of the head. The first head position parameter P1 is the first head position nearest
20  the first edge of the track pitch on which the BER is less than or equal to the minimum
threshold BER value. The second head position parameter P2 is the second head position
nearest the second edge of the track pitch on which position the BER is less than or equal to

the minimum threshold BER value.

25 The first head position parameter P1 is determined by positioning the reader over the
first edge of the track pitch, measuring BER over a predetermined number of disc revolutions,
and comparing the BER with the predetermined threshold BER value. If the BER is greater
than the predetermined threshold BER value, the reader is displaced by a predetermined
distance toward the center of the track pitch and the steps above are repeated until the BER is

30  less than or equal to the predetermined threshold BER value. The head position on which the



and conparing the BER with the predeterm ned threshold BER value. If the
BER is greater than the predeterm ned threshold BER value, the reader is
di spl aced by a predeterm ned distance toward the center of the track pitch
and the steps above are repeated until the BERis 30 |l ess than or equal to
t he predeterm ned threshold BER val ue. Thgn head position on which the -5-
BER is |l ess than or equal to the predetermined threshold BER value is then
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i nvention showing the primary internal conponents. FIG 2 1is a sinplified
bl ock di pogithen orf whichitbe BER is dess tivhnior squal o thetpredeterminddethtesbold BERpsalueis
system i pcl ugi?n}g. athservo systemw th which the present invention is

part ftul OTPE AP M| G 3 is a sinplified flowchart of a disc drive
manuf acturi ng process in accordance wth an enbodi nent of the present
invention. Fl Ghest dnd variORMh& foAar: %%Il%%ﬁ&dn@a'éhﬁ%ﬁﬁﬁét Ghe BreR&Hit | ON
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of the associated drawings.
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Brief Description of the Drawings

15 FIG. 1 is a plan view of a disc drive incorporating a preferred embodiment of the
present invention showing the primary internal components.

FIG. 2 is a simplified block diagram of a disc drive and its connection to the host
computer system including a servo system with which the present invention is particularly
useful.

20 FIG. 3 is a simplified flowchart of a disc drive manufacturing process in accordance
with an embodiment of the present invention.

FIG. 4 is a generalized diagrammatic illustration of a portion of the head mounted at
the distal end of the actuator arm in a disc drive in accordance with an embodiment of the
present invention.

25 FIG. 5 shows a separate reader and a writer mounted on the head that is mounted at
the distal end of the rotary actuator arm, which pivots about the bearing shaft assembly, to

generally illustrate that the reader-to-writer offset varies as the actuator arm radially traverses

over the disc.



25 FIG 5 shows a separate reader and a witer nounted on the head that is
nmounted at the distal end of the rotary actuator arm which pivots about
the bearing shaft assenbly, to generally illustrate that the _
reader-to-witer offset varies as the actuator armradially traverses over
the disc. -6- FIG 6 is an enlarged view of the reader and the witer"
nounted on the head positioned over a track that is recorded with a signal
such as grey €, & e . tc. 7 shows a
BER prof 11 o SRCERITEl gkl oot chlter AN B M b %1V
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FIG 6 in accordance with an enbodi nent of the present invention. FIGS.
8- 10 t oggeneeal detsaplci se a flowchart illustrating operations for determning

a reader-to-ywjiter, offs for .each. tr.ack on t iscC in accardance with an
erbod ment - of VIGeT bR ERER AOEf: Mhish iS5 srire ot BRI vl Moo S8 or  ve
_100 con S&éél&ﬁiﬁﬂ‘l or'th&fa \Slfaﬂ':l‘; of Wt%ﬂca} tfatle Eti‘dhraﬁ(ﬂh@ﬁm%ﬂﬁﬁtin ™Gl Ben Present
invention is shown in FIG . The disc drive 100 includes a base 102 to

whi ch  vascoudance withanentbodiment lof theipresert inventic®0 are nounted. A top cover

104, shown partj.al cut ~away, .cooperates _wth the base 102 to fqQrm an
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nore di scs at a constan ormation 1s witten to and read
from t r aptesempinvention.di scs 108 t hrough the use of an actuator .assenbly 110,
which rotates during a seek operation about a bearing shaft assenbly 112
posi ti oned adj acent the discs 108. The actuator assenbly 110 includes a
plurMlity of actuator arms 114 whetaledPescriptiohar ds t he di scs 108, with one
or 20 nore flexures 116 extending from each of the actuator arns 114.

Mounted at th m | rhlﬁfcf : | 8, which
i ncl udes an aﬁr(ﬂ%cz%ﬂeng S olﬁ(gjtmer&éeﬁr:llgb {:ong eevh ﬁgﬁgﬁ%@%@%@&ﬁ?ﬁc ose
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During a seek operation, the track Eosition of the heads 118 is controlled
t hr ough Y#tous Gempgrenss Qidhe disg grive 499 ave meumigd. 1240 tvier K04, showapesfiallientdes

a coil 12\93.}?%&%?595 Wih ttlneeoase 102 to form an internal, sealed environment for the disc drive
15  inaconventional manner. The components include a spindle motor 106, which rotates one or
more discs 108 at a constant high speed. Information is written to and read from tracks on the

discs 108 through the use of an actuator assembly 110, which rotates during a seek operation

about a bearing shaft assembly 112 positioned adjacent the discs 108. The actuator assembly
110 includes a plurality of actuator arms 114 which extend towards the discs 108, with one or
20 more flexures 116 extending from each of the actuator arms 114. Mounted at the distal end of

each of the flexures 116 is a head 118, which includes an air bearing slider enabling the head

118 to fly in close proximity above the corresponding surface of the associated disc 108.

During a seek operation, the track position of the heads 118 is controlled through the
use of a voice coil motor (VCM) 124, which typically includes a coil 126 attached to the
25  actuator assembly 110, as well as one or more permanent magnets 128 which establish a
magnetic field in which the coil 126 is immersed. The controlled application of current to the
coil 126 causes magnetic interaction between the permanent magnets 128 and the coil 126 so

that the coil 126 moves in accordance with the well-known Lorentz relationship. As the coil



25 actuator assenbly 110, as well as one or nore pernmanent nmagnets 128

whi ch establish a magnetic field in which the coil 126 is immersed. The
controlled application of current to the coil 126 causes nagnetic

i nteraction between the permanent magnets 128 and the coil 126 so that the
coil 126 noves in accordance with the wel]-known Lorentz relationship. As
the coil -7- 126 noves, the actuator assénbly 110 pivots about the bearing

shaft as I the ; re 1 G
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shown) are  connected; ¥1e head W res,  being routed al ong the actuator arns

114 and madvertentrgtation of the aciugtorassembly 119 avhepythe heads arepagkede i ¢ board 132

typically includes circuitry for controlling the wite currents applied to
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read signals generate e hea uring a read operation

fl ex assassahblytHONHiR fRwihg pivbtat movementadf thSdcthiaior aseemblyild@idugingt hr ough
t he base deck 102 to a disc drive printed circuit board (not shown)
nmouni®d ersratipn. The flsynasseablyincludes ypgated girpuibbaayd 13Rtg whichhgadhwives (ot G 2,
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the disc drive 100. A controller 142 generally provides top-Ievel
comuni ceqntiptlingctheseite clrzends applicd to theheadsalik@ duringaswritc@ppration atd@ that i s

bl t t di dri 100 d .al i d | .of th
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controller 142. The“regi ster
102 to a disc drive printed circuit board (not shown) mounted to the bottom side of the disc

drive 100.

Referring now to FIG. 2, shown therein is a functional block diagram of the disc drive

100 of FIG. 1, generally showing the main functional circuits that are resident on the disc

20  drive printed circuit board and used to control the operation of the disc drive 100. A
controller 142 generally provides top-level communication between the disc drive 100 and a
host computer 140 that is operably connected to the disc drive 100 and also provides control
of the disc drive 100 with the ability to execute programs stored in a memory 143 and/or a
firmware 145. A set of registers 162 is included in the controller 142. The register 162 is

25  one of a small set of data holding places that are part of the controller and that provides a
place for passing data from one instruction to the next sequential instruction or to another

program that the controller 142 has given control to.

The memory 143 may be a random access memory (RAM), a read only memory
(ROM), or other sources of resident memory for the controller 142, The memory 143 may



25 one of a small set of data holding places that are part of the
controller and that provides a place for passing data fromone instruction
to the next sequential instruction or to another programthat the
controller 142 has given control to The menory 143 may be a random access
menory (RAM), a read only nmenory §)r ot her sources of resident
menory for the controller 142. The rrem)ry 143 may -8- include spaces for
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fromthe host “conmputer to the disc drive interface 144 d then'to a
the controller 142 receives information regarding the velocity and acceleration of the head

118 and uses that information in conjunction with a model, stored in the memory 143, to
communicate with the servo control circuit 150, which will apply a controlled amount of

current to the voice coil motor 126, thereby causing the actuator assembly 110 to be pivoted.

20 Data is transferred between the host computer 140 and the disc drive 100 by way of
the disc drive interface 144, which typically includes a buffer to facilitate high speed data
transfer between the host computer 140 and the disc drive 100. Data to be written to the disc
drive 100 are thus passed from the host computer to the disc drive interface 144 and then to a
read/write channel 146, which encodes and serializes the data and provides the requisite write

25  current signals to the heads 118. To retrieve data that has been previously stored by the disc

' drive 100, read signals are generated by the heads 118 and provided to the read/write channel
146, which performs decoding and error detection and correction operations and outputs the

retrieved data to the interface 144 for subsequent transfer to the host computer 140.



read/wite channel 146, which encodes and serializes the data and provides
the requisite wite 25 current signals to the heads 118. To retrieve data

t hat has been previously stored by the disc drive 100, read signals are
generated by the heads 118 and provided to the read/wite channel 146,
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assenbled in the manufacturing process in operation 302. Then the servo
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drive 1 in a. serv iter | n operat.ion 304. Thereafter, the disc drive
control | PWEYﬁﬁd‘ﬁbst‘gelgﬁw 1‘%'@%3 %E%ép ‘??réﬁlaFgﬁsB‘inSé@%@ and spisit disclased 306
to det erjmiRenyUdat ' i i: r Lve and
to recorlgl atﬁ;%erat %ﬁglo%he{c;@%see?gﬁgg%?&[%g agsﬁs%%%ggéq@ﬁgq&?éécofgﬁsgve 00 is
det ersm niaterfaceddéstad apowe. dri ve. For exanple, the entire data storage area of
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detect mcro defects.in sectors. |f_the
g typical disc dn%e 100 is bas%cally manufactured by a process shown in FIG. 3. The

g

disc drive components are first assembled in the manufacturing process in operation 302,
Then the servo information that defines tracks is written on the discs 108 in the disc drive 100
in a servowriter in operation 304. Thereafter, the disc drive controller conducts a self-test

20  certification process in operation 306 to determine whether or not the disc drive 100 is a good
or bad drive and to record operational parameters on the disc 108 if the disc drive 100 is
determined to be a good drive. For éxample, the entire data storage area of each disc 108 may
be scanned in the self-test certification process 306 to detect micro defects in sectors. If the
total number of identified micro defects is more than the predetermined threshold, the disc

25  drive 100 may be determined as a bad drive in process 306. Alternatively, if the total number
of identified defects is less than the predetermined threshold, the disc drive 100 may be
determined as a good drive. All of the identified defective sector addresses are then stored in
a set of sectors on the reference tracks that are not accessed by a user during normal

operations. During each subsequent power-up of the disc drive, the operational parameters



total nunber of identified mcro defects is nore than the predeterm ned
threshold, the disc 25 drive 100 may be determ ned as a bad drive in
process 306. Alternatively, if the total nunber of identified defects is
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exagger al@® Theatacksl tianvaretin betwdes theatwnd fifsetiiicks @ tvid) codskeiftiviebhedarpur pose
only. FIG 4 is a generalized diagrapmmatic illustration of a portion of
the  headimerBolatsd-andhistiniernolatiosmapcesnis dssoribed in fherletieraertafithis specifitgonead
118 includes a read elenent (or a reader) 402 and a wite elenent (or a
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(ref gx en.eNowithdithy séted of the dlahérts Sitbvl ATGS. a-mtgbo@gﬁs&%@%& {hdtne 406.
The gap neasured between the two centerlines 406 and 408 en these two

cent er | | aynipecale)pad dgawn forpailustrationputpose onlje FiGa4 is asganeradiced i al
diagrammatic illustration of a portion of the head 118 mounted at the distal end of the

actuator arm 114. The head 118 includes a read element (or a reader) 402 and a write element
(or a writer) 404. The reader 402 has a width (referenced at 403) and is centered along its

20  width about centerline 408. The writer 404 also has a width (referenced at 405) and is
centered along its width about centerline 406. The gap measured between the two éenterlines
406 and 408 when these two centerlines 406, 408 run in parallel with a line that is tangential
to a track is known as the reader-to-writer offset 410. The gap (the reader-to-writer offset
410) is variable depending on the skew angle of the actuator arm 114, and this aspect of

25  varying reader-to-writer offset 410 is further illustrated with respect to FIG. 5.

FIG. 5 shows a separate reader 402 and a writer 404 mounted on the head 118 that is
mounted at the distal end of the rotary actuator arm 114, which pivots about the bearing shaft
assembly 112. A gap 506 along the longitudinal axis of the actuator assembly arm 114 exists
between the reader 402 and the writer 404. The head skew angle, which is the angle between



to a track is known as the reader-to-witer offset 410. The gap (the
reader-to-witer offset 410) is variable depending on the skew angl e of
the actuator arm 114, and this aspect of 25 varying reader-to-witer offset
410 is further illustrated with respect to FIG 5. FIG 5 shows a separate
reader 402 and a witer 404 nounted on th«f1 head 118 that is nounted at the
distal end of the rotary actuator arm 114;*Wwhi ch pivots about the bearing
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t her ef ore has togfe di spl aced by the reader-to- witer offset 410 in order

to read VRET&04nHoveryar fis qepter obtherprdenfP? (or thgpeader centerline 408) is not

positioned over the center of the signal 504. The reader centerline 408 is positioned away

from the center of the signal 504 (which coincides with the writer centerline 406) by the
20  reader-to-writer offset 410. The reader 402 therefore has to be displaced by the reader-to-
writer offset 410 in order to read the signal 504 written by the writer 404.

As previously discussed, the reader-to-writer offset 410 for a track varies from one
track to another track since the head skew angle varies as the head 118 traverses from inner
diameter to outer diameter of the disc, and vice versa. Thus, each track has a different reader-

25  to-writer offset 410 value. The reader-to-writer offset 410 value for each track on the disc
therefore has to be determined so that the controller 142 can position the reader 402 over the
track for accurate reading of the signal on the track in a manner that produces the least

amount of error.



As previously discussed, the reader-to-witer offset 410 for a track varies
fromone track to another track since the head skew angle varies as the
head 118 traverses frominner dianmeter to outer dianmeter of the disc, and
vice versa. Thus, each track has a different reader 25 to-witer offset 410
val ue. The reader-to-witer offset 410 valye for each track on the disc
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the trac 02 shown in FIG 6. The track pitch according to the present

i nvent i olocgted attherack nertedi.c 5}he offseb@unt pesitiorc @), hutsthisi islept necessarily true in a
typical disc drive. The reader-to-writer offset 410 is determined by taking the difference

between x1 and x2 (i.e., [x1-x2|).

FIG. 7 shows a BER profile 700 (i.e., a series of BER values measured across the
20  track pitch or the track width) of a typical track such as the track 502 shown in FIG. 6. The
track pitch according to the present invention (as shown in FIG. 6) is 256 offset counts wide,
and the length of one offset count is therefore equivalent to 1/256 of the track pitch.
However, for illustration purposes here, the BER profile 700 is shown with respect to the
offset count positions ranging from —70 to +70 although the full track pitch in this example is
25 256 offset counts wide.

To determine the BER profile 700 across the track pitch, the reader 402 is first
positioned over one end of the track width (e.g., the offset count position —128 as shown in
FIG. 6). The reader 402 then reads the recorded data on the track over a predetermined
number of disc revolutions and monitors the BER. In an illustrative embodiment, the BER at

30  this offset count position is then computed. The reader 402 is then displaced by a short



and the length of one offset count is therefore equivalent to 1/256 of the
track pitch. However, for illustration purposes here, the BER profile 700
is showmn with respect to the offset count positions ranging from-70 to
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positions, from-58 to +38. This range of ofl%set count positions (1.
to +38) pasitions|froowsS5&tectiBeart ldwerdbati thg ndhimum BER threshold value. Thus, the

reader 402 is expected to read good data whenever the reader 402 is positioned at any one of
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these offset count positions, from —58 to +38.

This range of offset count positions (i.., ~58 to +38) that allows successful reading of
20  data on the track is also referred to as an off-track capability (OTC) of the head 118. The
head 118 is said to have better OTC on a particular track if the range of offset count positions
that allows successful reading of data on the track is greater than on another track that has
smaller range of offset count positions. How wide or narrow is this range of offset count
positions or OTC signifies the ability of the disc drive system to handle track misregistration
25 (TMR) without exceeding the minimum BER threshold value.

As described above, the head position (x2) is determined at the offset count position
where BER is the lowest in order to compute the reader-to-writer offset 410 (i.e., [x1-x2|).
The BER profile 700 indicates that the lowest BER is present at the offset count position +8

(referenced at 704). Thus, for example, if x1 were at the offset count position +100, then the



20 data on the track is also referred to as an off-track capability (OTC
of the head 118. The head 118 is said to have better OTC on a particul ar
track if the range of offset count positions that allows successful
reading of data on the track is greater than on another track that has
smal | er range of offset count positions. w wide or narrow is this range
of offset count positions or OTC signifi'eS the ability of the disc drive

systemt | e . & eq] ) - W yf '

o i mum SR Bl P R bh 82 (R -8B i RN EERR Bl
det er m negbndtcdried fid 18RE uERAHALYAAS ContoNler MR Epd3iidni the Fdaded 40228 tredddatd der
to conpute the reader-to-witer offset 410 (i.e., Ixl x2D). The BER

profil e voUtenomithetrack affenwriting datawsing themriter 4Mesent at the of fset count
position +8 (referenced at 704). Thus, for exanple, if xI were at the

ff i ti 100 -14- -1 o- Wi ff 4 | d
be o5 (1oa RBtsveS The ey BEE Rebdtegud o BRYRR LI bl &' Shidilny oFEhe e
and | at eT (ild., ZREraRle bl'he CBREN RuhBfosiibhs 1ot BASWS b Sicceiul' 8aRRS oféﬂi&a bR read

data witten on thetrack after witing data using the witer 404.
However , thdteackpwAs shBERINOFIG.CE, theqportiopathe QIC, (OT)C_VI QISDh#6, shat isen the

900 b0 Tt ol A Sd Bl RO 02,
PO STEErET CEBETBRYE Rl 40T oAbl )10

(near the outsi 'S W portion of the
OTC, ( OT¢ad disd)l-Dhedteficallyahowevepthe OTC profile @s sifovai in(700) shididd besanmetiival
i nside dianeter of the disc). Theoretically, however, the OIC profile (as

showd0i n Withopsperbiolthe losvest BER offsskgounbpasition (x2) #o4  Neverthgless, ghie YT Gpfile

 possi br SRS rPRsibit 30 adhicys SRR S Tnar il Bedtland ftpthcea GHTEACY ' °
the di sc dridé dinengithe nufdeeuriik o C Fof EXxtengsie, aBére iy beoaiEtheufidiging My be

some manufacturing variations that produce stronger wite-field on one
si de of whrations that prgluce strenger write- ¢ldonromgsidetaf éheowritar 404 d¢-gnthesidegtear he

di 108), th . th .Si f th i,ter..,40 . Q. i 15
N N
manufiact Yedrdife in‘ééﬁe'(diéth&@:%ﬁtﬂ@&is@ﬁ@@b%‘q{% a&&iﬁ@ﬁ,%e&?%%f%ﬁiéﬁﬁ{ﬂ&ﬂct%gme si de

of the reader 40 .g., the side ‘near the outs di aneter of the disc
108) t hawamatidnk ¢had phetucs grbatepfeatifsensitivitieon disideofthe reader 402 (@ez. thaside he

i nsi de di f ot di 08) . her, | at ] ft I f
et e e e A0 16 D el AT el B © ©

side near the inside diameter of the disc 108). Further, variations of the skew angle of the

actuator arm 114 when placing the head 118 on the track may contribute to uneven symmetry
20 of the OTC profile.

The uneven symmetry of the OTC profile generally means that the head 118 is more
sensitive to the outside disturbances that cause TMR. The fact that the OTC_ID OLD 708 is
not as wide as the OTC_OD_OLD 706 as shown by the BER profile 700 indicates that the
head 118 is more susceptible to the external disturbances that can displace the head toward

25 the inside diameter. Thus, an external disturbance that can displace the reader 402 toward the
inside diameter of the disc by a distance that is greater than the OTC_ID_OLD 708 will cause

a read error due to TMR.

There are various types of external disturbances adversely affecting accurate

positioning of the head 118 on the disc 108. Negative effects such as disc flutter, disc
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the track pitch whenever the head 118 sequentially reads information from

and wr i Rosttionfod theatrackipitch whenever she earl 148 sequentitily madeinforawkion iffont el r eader

402 or tvt}gtevi’rnfotn%atiélrg t% sectors that are on the same track. If the reader 402 or the writer 404

misses the intended offset count position on the track, this displacement error is referred to as
the writer-to-reader TMR.

20 One of the major components that cause the writer-to-reader TMR in a disc drive is
non-repeatable runout (NRRO) that is generated largely due to vibrations from the spindle
motor assembly. NRRO as implied by its name is not repeatable (i.c., the disturbance does
not repeat at the same circumferential position on the track) but rather occurs in a random
manner at difference locations of the disc 108. If, for example, the OTC (i.e., the total range

25 of offset counts where the BERs are above the minimum threshold BER value) of a disc drive
is about 10% of the track pitch, the writer-to-reader TMR must be controlled within 10% of
the track pitch. That is, the combined effect from each of the external disturbances that
contributes to the writer-to-reader TMR should not displace the reader 402 or the writer 404
on the head 118 outside the OTC of the head 118, which is about 10% of the track pitch.
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' req(l)nre ther}?T(L, o?' more than 14.6% of the track pitch, and there would be a serious writer-

to-reader TMR problem if the OTC of the disc drive remained as 10% of the track pitch.

TPwrrMr is also affected if the reader-to-writer offset 410 (i.e., [x1-x2|) is not

computed correctly or optimally. Incorrect determination of x2 would introduce an error to

20  the reader-to-writer offset 410 measurement. For example, the OTC of 10% of the track pitch
would be reduced to 9% if there were an error of 1% of the track pitch in the reader-to-writer
offset 410 measurement. This means that the reader-to-writer TMR has to be controlled
within 9% of the track pitch (i.e., TPwrtmr = 9%) instead of the 10% of the track pitch. This
also means that TMR caused due to NRRO has to be controlled within 3.9% of the track pitch

25 (i.e., TPnrro = 3.9%) if the displacement due to TMR caused by other disturbances (i.e.,
TPoruErs) remains the same. For example, TPoTyErs can be computed to be 7.07% of the
track pitch for TPwrmmr of 10% of the track pitch and for TPgrro of 5% of the track pitch.
Then, TPnrro of 3.9% can be computed by applying TPwrtur of 9% and TPorrgr of 7.07%
to the equation (i.., 9 = [2 * (TPxrro)’ + (7.07)%]"2).
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out si de g it BRARISTE Nkt 1§ AHE Sffset count position —10 (referenced at 710). By selecting
x2 at the midpoint 710 of the OTC, OTC_OD_NEW equals OTC_ID NEW. The head 118
can better withstand the disturbance that causes the head to move toward the inside diameter

20  direction. For example, the OTC of the head 118 according to FIG. 7 is 96 offset counts

However, OTC_ID_OLD 706 (i.c., 30 offset counts) is less than OTC_OD_OLD 708 (i.e., 66
offset counts) due to uneven symmetry. The fact that the OTC_ID_OLD 708 is nbt as wide as
the OTC_OD_OLD 706 as shown by the BER profile 700 indicates that the head 118 is more
sensitive to the external disturbances that can displace the head toward the inside diameter.

25 By selecting x2 at the midpoint of the OTC profile at the offset count position —10
(referenced at 710), OTC_ID_NEW 714 and OTC_OD_NEW 712 both equal to 48 offset
counts. OTC_ID _NEW 712 is wider than OTC_ID_OLD 708 by 18 offset counts. This 18
offset counts provide additional room for the head 118 to control writer-to-reader TMR in the
direction toward inner diameter of the disc 108. Thus, the selection of the midpoint of the

30  OTC (referenced at 710) as x2 as opposed to the lowest BER offset count position (referenced
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Now referring to FIG. 8, the technique for determining a reader-to-writer offset 410
begins in operation 802 by moving the head 118 over the first zone on the disc. Control then
transfers to operation 804, in which operation the head 118 is moved over to the target track,

20~ which in this example is the first track in the zone. The writer 404 is moved over the center
of the track, and the head position (x1) is then determined. Thereafter, control transfers to
operation 805, and any data written on the target track, a set of three tracks that is adjacent the
target track toward the inner diameter of the disc, and another set of three tracks that is
adjacent the target track toward the outer diameter of the disc (i.e., a total of seven tracks) is

25  erased. The reason for erasing six additional tracks in addition to erasing the target track is
that the length of the reader-to-writer offset may be more than a track pitch wide. This is
typically the case for the high-density disc drives. The control transfers to operation 806, and
the head 118 is moved over the target track and writes the track with data that is typically

servo pattern. Operation 808 receives control and moves the head 118 a predetermined



tracks in each zone are interpolated by utilizing the optinal
reader-to-witer offset values 15 determned fromthe first tracks of the
zones. The interpolation technique is described in detail later. Now
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transfers to guery operation_ 904 once the BER is determ ned. The
tobe 10”. Thus, control transfers to operation 906 if the computed BER is greater than the

minimum threshold BER value of 10>, Alternatively, control branches to operation 908 if the
computed BER is less than or equal to the minimum threshold value of 107,

As described above, the reader 402 reads good data at an offset count position at

20 which position the BER value is less than the minimum threshold BER value. In operation
906, the reader 402 then steps toward the inner diameter of the disc (i.e., toward the center of
the track) by a predetermined number of offset counts. Thereafter, operationé 810-812 and
902-906 are repeatedly performed until the computed BER is less than or equal to the
minimum threshold BER value. If the computed BER is determined to be less than the

25  minimum threshold BER value in operation 904, this means that the first one of the two OTC
boundary positions of the track pitch is determined. Control transfers to operation 908, and
the head position at this second OTC boundary position (P1) is determined and saved in the
memory 143. For example, the offset count position of =58 shown in FIG. 7 is the OTC
boundary position (P1).
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determ ned to be | ess than the 25 mnimum threshold BER value in operation
904, t hi sufficientinforatation o ¢ompmite thecBER at this head poFiGon b Conttelr tyansfess toi quesy of

the track pitch_j etermned. Control transfers to operation 908, and the
head posP?‘%%‘FP’h?f‘f W?&éfgeé@%%ﬁs(ﬂ?@%maa 9%929&'?‘%‘%’%%10{1 ark goy ol theTHREdS and
saved in : . e I 4 =58
hoan | nPEreeh GEPREKiG Hrpntits 15 RETH SnidH UheRiton Do Soldh 485 B diarBiholt s

t r ansf er pretietenpincdtoarse Sffdt toWued HeashtédriBarmatenafithe disc i deivardshe eentatgtber  of
reader-t&;@wri ter offsets (i.e about three reader-to-witer offsets)

towal®l t e tangpidracky QrerptionsH14: 99 ate sepeald yntil theerrapisoh presenss I the emrer iget
track. t t 912.. 10 thi tj t h d
205 1 cactoligent P ReRfon 1R BREL /4003 ot Fefithe D TG REL A Bl S THE

predet erBERed nunber of disc revolutions allows the reader 402 to coll ect
sufficient information to conpute the BER at this head position. Control
transfers to query _operation 914, which exam nes the presence of a
synchr oni zat i ANtERlthersiransfers fo querpopsration 1004 quce theBER dgworapuedit Thm

branches ' |.C rati.on, the reader | I spl aced.by a

pr edet er%;n?%g&glgg&qg%& fclsag%%gfe V\‘/%llpb e 'ﬁ%ﬁﬂrgf@isgﬁgﬁ %aﬁuq e‘iieﬁ‘?rg'&n i.e.,
towargd twhetherthe coputtd BRRetcrEdSthe hiidigkim tHrAtoR! BBRSvaflied-Ak6rdngio #peat ed
until the error is not present. If the error is not present, the operation

br anchesembodimgnt qfitberessns inventjon,dhe-minimug) thaesholddBER rvalue svasipeedetermined
to be 10°. Thus, control transfers to operation 1006 if the computed BER is greater than the

minimum threshold BER value of 107, Alternatively, control branches to operation 1008 if
the computed BER is less than or equal to the minimum threshold value of 10>

20 As described above, the reader 402 reads good data at an offset count position at
which position the BER value is less than the minimum threshold BER value. In operation
1006, the reader 402 then steps toward the outer diameter of the disc (i.e, toward fhe center of
the track) by a predetermined number of offset counts. Thereafter, operations 912-916 and
1002-1006 are repeatedly performed until the computed BER is less than or equal to the

25  minimum threshold BER value. If the computed BER is determined to be less than the
minimum threshold BER value in operation 1004, this means that the second one of the two
OTC boundary positions of the track pitch is determined. Control transfers to operation 1008,
and the head position at this second OTC boundary position (P2) is determined and saved in
the memory 143. For example, the offset count position of —38 shown in FIG. 7 is the second

30 OTC boundary position (P2).



BER Control then transfers to query operation 1004 once the BER is
conputed. The conputed BER is then conpared with the m nimumthreshold BER
val ue to determ ne 15 whether the conmputed BER exceeds the m ni num

t hreshol d BER val ue. According to an enbodi ment of the present invention,
the m ni numthreshol d BER val ue was prede Frnined to be 10"5. Thus,

control transfers to operation 1006 if thé'*conputed BER is greater than the

i ni th | f 10"5. tively tral . b hes .t
Chor at o 160k hifoT iy tstrs 88 apedufon (10 BaE e ldpof Rtk b bR B 0
t hr eshol ghd/sdctifd OTCLEbURdarDobFiodS PE ah@ PP iR Erindd) qrdr%@ﬁ#ﬁgleflﬁl% ofedsugpod

data at an offset count position at which position the BER value is |ess
t han t hepesitiomull shemmsn 6. BErRfcranced. at Th0)ip en ax¢mplaryrofipoint b€ theddber 402

e RN oL St e G S DU A

operaio 5 'Hé’&mﬁr]h ATWNC far A e
conpﬂ% edfb%é%l?fssgfrgcslgﬂﬁ?l%ﬁggr%o equa etdgsctlﬁgﬁggsﬁﬁlpﬁtle%%t?ﬁ%gﬁ? 'lgygg%]val ue.
| f the cbetpetrerl BidRx2.sCdatralrtransfers toqubry dpession 1814t dme conirol endsifithe heddo| d

BER val ue, i n operation 1004, this_pgeans that .the second one of the two OIC
boundar ny{)@i"t F’bﬁlt‘gtl%ﬁ 2oy ‘ihﬁél!@cp ik bpweerdibe besd hitis nobayerdie laptAoge ons t o

operatio 3 ' i r osition
(P2y i o e oont@f frabdiEes 15 Bper 1027 aR ol Hoda RAANA STEOSRE RN 2RY S
count po€ohtrelrtrantfedBiopersion 80F, dad opetatiohd!$04-8L2)902-938, £44HQ 002110 8'ave
position (P2). -21- Control then transfers to operation 1010, where the

). -2 . ! : :
ni dpHt nt repgatyd petilibe aptimal reades to-amitersaffsoh 4l IG5 detsomingd for the Sirstitank irPeverand
P2 is deéoeilrenoi r}g? For exanple, the offset count position -10 shown in FIG
7 (referenceé'il ‘i’O) I's an exenplary mdpoint of the OTC profile (x2).
Control transfers to operation 1012, and the optinal reader-to-witer
of fset 410 5 Th¢ ditharchiohdhe dis@iKybidally @ividet Shto 2RiRCerPPorlcb CalBbfigh this hltfber
conput ed by taking the difference between xI and x2. Control "transfers to
query opévatialla dependingonthe dasign thaiesl SDuring measuesnaent pi®esss theweaderfie-writst

e L he 8 | t he | ast
the i sco ML ies HennbPLAL Sty bR vk Tottn ot len s BRrediover
to the nex : i f ey rati
PP A Al

interpolate the offset for each track in between the two first tracks of two consecutive zones.

For example, suppose there are 1000 tracks in each zone. Then, the optimal reader-to-writer
offset 410 values are measured for tracks 0, 1000, 2000, 3000, 4000 ... 13000, and a series of

equations can be generated from these 13 points:

20  Offset(0) = a3*(0)’ + a2*(0)* + a1*(0) +a0, for track number 0,
Offset(1000) = a3*(1000)° + a2*(1000) + al*(1000) +a0, for track number 1000;

]

Offset(2000) = a3*(2000)° + a2*(2000)? + a1*(2000) +a0, for track number 2000:

2

Offset(3000) = a3*(3000)° + a2*(3000) + a1*(3000) ~+a0, for track number 3000;

25 Offset(13000) = a3*(13000)° + a2*(13000)? + al*(13000) +a0, for track number 13000,
Offset(13999) = a3*(13999)* + a2*(13999)% + a1*(13999) +a0, for track number 13999,
The coefficients [a3, a2, al, a0] are solved by using the least square method. Then the offset

for any track can be accurately estimated based on the coefficients.



10 repeated until the optimal reader-to-witer offset 410 is determ ned for
the first track in every zone on the disc. The data area on the disc is
typically divided into thirteen zones, although this nunber is variable
dependi ng on the design choice. During nmeasurenment process, the
reader-to-witer offset 410 was neasured_on only the first track of each
zone. For other tracks, the reader-to 15™fiter offset values are

i nterpol ated. (For exanple, a third-order, pol ynom al_ sed to

Nt o ol at o 1 FLSBRFEST Berednt iviione bE BeBLR £metit ot and B8 Spntats o
tWO CONS @enbratit #1RAGH-to-Wiftbr SHiRITuEh aS4PR310) fob 8 hBadi(sBeh A0 §) pasilisndd? each
zone. Then, the optinmal reader-to-witer offset 410 val ues are neasured

f or trackser® trabBASych20 302) @09 disc {G0Db as 108)1i8 @Gtsc drive (sucheasil@8) fvingguat i ons

b ated fromthese 13 poi . 20 Offset(0) = a3*(0)3 + az2* +

i ~(0) S BTalR bt updlSy AvpRig G A0 LindDuD e Loush ab 486G Pl cidho e
| * (1000 _ . f — b
Ao E 2%00{“2@&5?{’5()‘%2188{)@%%@’?{ PRha g%ﬁt“r’]%‘nbt@%e%%%% %?@teetg(?‘g@g%% Khown as
a3* ( 30003he reade?tq¢-301€) cIfset @GucH 4sIACN. 4460, for track nunber 3000; 25
O fset (13000) = a3*(13000)3 + a2*(13000)2 + al *(13000) +a0, for track

nb 13000; fset (1399 = a3*(13999)3 +_ a2*(13999 + al *(13999) +a0,
P (l;r 1(:a ; ack nu 1sc1%g‘gegqontr? )Er@B‘gT *Fsi(l&oé%ﬁ%i’ef*’é@? coar(gpct thiefeagl%"‘(‘@ﬂWezj by

[ th :
sccur at e g T ARGy BonBfler JRhUIN tealfteo-iffr Bfter of Bl Forhcn

present trackeby camputing thediffepsnied batsvean air§tddad positich ahamppsecahd heddogosition
generating(a reader-to-witer offset (such as 407, 410) for a head (such as

118) 1§osk? (yhk as opsration9%6 apdFIG (7o The fisw hpadyppsition; xlc(spehas 063 islpyptimal 5

402) andtedeon Lt BRbe Bk tcR oo it 325 R theSefitea bokiEch °°
non- over kagich gs TR0)1€ b millpdinPoftaRREhNESDability (FROFST tASHedd8udl dst790). Whi ch
is known as the reader-to-witer offset (such as FIGS. 4-6) A disc drive

cont r ol | &he Odclsuetsasity) is apartion abh fracopitcoewed whichtthe readerie expevted theead
the. heacFOPRERE it if Beq SR Benriaiic bt FHb Sk (o SR B QReL R ot head
posi {4 onngsrsﬁiglfagar@ (ngg?lé iRz RPN tm(- AbadS r&‘cﬁal%é?l&ﬁla&ﬁ HIRRE RlODoH e

FIG 7). s position x1 (such as 4 I's an“opti nma
offset to read information written on the track or to write information on the track (such as

FIG. 7).

The head is optimally positioned for writing information on the track when the center
of the writer is positioned over the center of the track pitch (such as 406 and FIG. 6).
20  Further, the information written on the track is free of an incorrigible bit error if the bit-error-
rate (BER) computed after reading the information over a plurality of disc revolutions is less
than a predetermined threshold BER value (such as FIG. 7).

The second head position x2 is determined by measuring a first head position
parameter P1 (such as operation 818) and a second head position parameter P2 (such as
25  operation 912) and computing the midpoint between the first head position parameter P1 and
the second head position parameter P2 (such as operation 914). The first head position
parameter P1 and the second head position parameter P2 are the two end points of the OTC of
the head (such as operations 810-818 and 902-912). The first head position parameter P1 is
the first head position nearest the first edge of the track pitch on which the BER is less than or



head position for witing information on the track (such as 502) and the
second head position x2 (such as 710) is a mdpoint of an off-track
capability (OIC) of the head (such as 700). The OTIC (such as 700) is a
portion of a track pitch over which the reader is expected to read
information that is free of an incorrigib& bit error such that the
witer-to-reader track 15 m sregistration ?‘TI\/R) Is mnimzed as the head is

wr t cen bl RL A SbalBuh iokild B (ol (e o5 SHtrtohs B0 BER Spd BIGT 2E 1
7). The b&nfld headpdsitiohl pararhéiet P2 RB6sdcBhd Kedd pdiftionHearedBeht 6ol ellfeof thaCk

when the center of the witer is positioned over the center of the track
pi t ch ( streek pischappswhich ppsition die BER iflgss than or equal tarthe mininiwn theeshol&@BEBN t he
track is_free of an incorrigifle hit error if the bit-error- rate (BER)
conput edvg}flﬁgﬁmflgg\apqgthqgﬂgﬁﬁg,aﬁa@flgnrl ver a plurality of disc revolutions
is less than a predetermned threshold BER value (such as FIG 7). The
secongl head pahé firdd ReadpdshidpRamieer RdRatEd B Ritldniny thd fdePAR: N
paranmeter Pl (such as operation 818) and a second "head position paraneter
P2 ( suchfizs edgs afighe tra¢kopitchi(@)chaasdpermtipns 808), mkasuning BERovdratpredaterirised i r st

head positign raneter ,P 1 and the second head position paraneter P2
(such asn'btﬁg Tt rg‘fﬁ)‘t.mnﬁ ugh; 3s operatigns gﬁbﬂz oﬁ‘do‘i%‘mi‘ﬁ'ﬁgéhe BER with thee

second h L @%’% t ; | f the
head (sugﬁqg@&gﬂg&é g??%ﬁg gﬂﬁ@gﬁé&%&&%g@? 8 T%éPﬁeﬁﬁﬁRﬁge%‘[d‘&g%s. iﬂ%’n
par amet epreBéteimsined HeesholSBEReatheptheirtddenisrdisplatl byhagréddtarmigsiodistahcd he
track pitch which the BER is | ess than or -23- equal to the nmininum

t hr ethol ¥ Sepist pkthe fragk pielbang the steps atnve roe repeated wntilthe BERdS less dhand

cdge of Pt BIHRENREntiReh BRI RER VAN Gl Bkt BOn B8 FRlatel RS o

t he mi ni headpokitios oalwhifliFRe BER iFleésttaMoP§quaPR B pRASteBRRed HheddM BER 7). 5

The first head position parameter Pl is determ ned by positioning the
reader ovalpe isihken storedin aarpmary (such as pperktign 818). (such as operations 808),
nmeasuri ng BER over a predeterm ned nunber of disc revolutions (such as

ti 81 ' th i th th r.edet ' d
hrechora BertSend RO SRR Do e 8P D Belheit iy naBORRRShIRE avenn ¢ ne
pr edet er gicResbniletgs bothe wBERpMEH (48ch 49 ¥perARAY02), mlisSRASBER R¥r &

predet erm ned di stance i
predetermined number of disc revolutions (such as operation 904 and 906), and comparing

the BER with the predetermined threshold BER value (such as operation 908). If the BER is
greater than the predetermined threshold BER value, the reader is displaced by a
predetermined distance toward the center of the track pitch and the steps above are repeated
20  until the BER is less than or equal to the predetermined threshold BER value (such as
operation 908 and 910). The head position on which the BER is less than or equal to the
predetermined threshold BER value is then stored in the memory (such as operation 912).

It will be clear that the present invention is well adapted to attain the ends and
advantages mentioned as well as those inherent therein. While a presently preferred
25  embodiment has been described for purposes of this disclosure, various changes and
modifications may be made which are well within the scope of the present invention.
Numerous other 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.

30



10 toward the center of the track pitch and the steps above are repeated
until the B | an or equal to the predeterm ned threshold BER

val ue (such as ' t&\“ﬁnd 816). The head position on which the BER
is | ess thannim%a““‘mm B¢ edeterm ned threshold BER value is then
stored in a such a%s dperation 818% The second head position
paraneter P2 is deternined by positioning ?‘he reader over 15 the second
edge of the track pitch (such as oper@uﬁu 902), nmeasuring BER over a

pr edet er mi ned nunber of disc revol utio‘nﬁsuch as operation 904 and 906),
and conpari ngWhdhés diifediis:h t he predeterm ned threshold BER val ue (such as
operation 908). If the BERjs greater than the predeterm ned threshold BER
val ue, the refdesthed ofjigasratinga negdes-towritercaffaction edead pesitienedioyera tragken
center o r Lt bov re repeated .20 until,the BER
Is |less %ﬁgg(ﬁéé d%g @&%1%@@%6%%%@?@‘?%%@@ ﬁp@gﬁtgﬁgg@%ﬁ% g’t?’?%th%q‘n as
oper a8 i ocofiprisimgnd 910). The head position on which the BER is | ess than or
equal to the predeternined threshold BER value is then stored in the
nmenory (such as opéetstmiginggu st head pesition véherd thawritbrais optimally pesitionddrfoent i on

s well adapted..to. .h. the.ends and advantages nentioned as well as
t hose inheren?’gl[nhgllrgﬁ .aq%qnethgtrﬁ?slfesently preferred 25 enbodi nent has been

described for pur pagesniafngtd¥eSornli Bal Positien ayﬁ_’iﬁi&[&bin%ladﬂgﬁﬁ apabili

nodi fications may be nmade which are well within the scope of t pr €sent
i nventi on. hefsthe heast, whieeoinythe GG iseportide ofiairatk pitéH ovee subiidhyths uggest
thengel ves to_those ski]Jled i.n the art and which are enc assed in the
spirf% of the™P Véﬁ?’fﬁfﬁlegﬁg E?agggfamaﬁ%oragmgs? prthe tfq?{( that ds g% d clai ns.
30 V1% \\ 1\\ UhchrHgiBit bitletror:lahli~~M5 -24- Clainms Wat is clained is: 1. A
met hod of generating a reader-to-witer offset for a head positioned over a
track on a disc icomputingdheldiffeeencebetvesien tire fistltkad pasition and teasec@idcheg@unt ed -

on the head, the. net 5. copprising:
position to rZl(cz,germme t{{g re er-t%—wnter offset of the head.

15 2. The method according to claim 1, wherein the first head position is where a center of

the writer is positioned over the center of the track pitch.

3. The method according to claim 1, wherein the information written on the track is free
of an incorrigible bit error if a bit-error-rate (BER) computed after reading the information

20  over a plurality of disc revolutions is less than a predetermined threshold BER value.

4, The method according to claim 3, wherein the determining a second head position
comprises:
measuring a first head position parameter P1 and a second head position
25 parameter P2; and
computing a midpoint between the first head position parameter P1 and the
second head position parameter P2, wherein the first head position parameter P1 and
the second head position parameter P2 are two end points of the OTC of the head, and
wherein the first head position parameter P1 is nearest a first edge of the track pitch
30 on which position the BER is less than or equal to the predetermined threshold BER

value and that the second head position parameter P2 is nearest a second edge of the



det er m ni nga first—head—post+ti on where the witer is optimally positioned

for witing he track; determ ning a second head position
as a mdpoin ’mnﬂ“w’ﬁﬁlﬁ@w capability (OTC) of the head, wherein the

OrCis a por kONc O «pitch over which the 10 reader is expected to
read information witten on the track thaé%is free of an incorrigible bit

error; and conputing the difference betwe the first head position and the

second head t te ff of head.
152 he et RA ikcbvhdite 6 et i G GULEH 10 B BredheomenTfieniug BER,
where a centexalgé. the witer is positioned over the center of the track
pitch. 3. The nethod according to claiml, wherein the information witten
on the track is free of an incorrigi ble bit error if a bit-error-rate
(BER) cogput e readi.n formati on 20 Qe |_ur, I|t of disc
ovol ut 1 ons. | 3¢ DieBlod RS oidBimh, ShERE Rtauiged el piufion blemiietcius nod
accorgli np1 tomptigdsm 3, wherein the determ ning a second head position
conprises: measuring a first head position paraneter P 1 and a second head
position 25 par anpestioning therrdadeo apapositipreover thedinst edgetoficertrackeitchy st head

position paranmeter Pl and o secon head (fOSItlogl gzara ter P2, wherein
the first head posPIPINDEHENOYE2 RS At e f:%’.éfttlon

parameter P2 are t%ﬁ‘&ﬁlg&ﬁéﬂie%stﬁédBﬁRﬁﬁ?ﬂﬁf r%&é@er}ﬁ?eglge s d‘ﬁeﬁi{ fe;t he

first head position parameter Pl Is nearest ITrs racf( pitch
30 on whi ch posi ti ifith¢ BERBERrdater ilmnthe predetermined treshold BERprabube stepping etk

threshol d BER val.ue an that he second head posjtion_p nmeter P2 is
near 85t a sec’i?ﬁée fePTE et?’ﬁémi distpnae tpwhsd 3 geper;of the tracky "Egsll s -25- track

BeR val e, 5. The “’fﬁt‘* ofchiRl el ing Solbeul ST ERARBRRL BRERE,

head positi onBBRriskass tran or equal to the predetermmed threshold BER value, and

storing in a memory the position where the BER is less than or equal to the
predetermined threshold BER value.
15
6. The method according to claim 4, wherein measuring a second head position
parameter P2 comprises:
positioning the reader at a position over the second edge of the track pitch;
measuring BER over a predetermined number of disc revolutions;
20 comparing the measured BER with the predetermined threshold BER value;
if the BER is greater than the predetermined threshold BER value, stepping the
reader by a predetermined distance toward a center of the track pitch; |
repeating the positioning, measuring, comparing, and stepping steps until the
BER is less than or equal to the predetermined threshold BER value; and
25 storing in a memory the position where the BER is less than or equal to the

predetermined threshold BER value.

7. A computer-readable media readable by a computer and encoding instructions for
executing the method recited in claim 1.

30



5 P1 conpri sesmader at a position over the first edge of
the track pitch;J MH ' ver a predeterm ned nunber of disc

revol utions; ¢ iwlnnﬁ"ﬂjmred BER with the predeterm ned threshold
BER value; if the BER ts Breater than the predeterm ned threshold BER

val ue, stepping the 10 reader by a prede%grm’ ned di stance toward a center
of the track pitch; repeating the positiofiihg, neasuring, conparing, . ang
st eppi nggste ' 4.5 | . QF e.:

thr osho & BERAAPRaeni 6 eriing arERBr IR R B s R NRERI SRR,

| ess t haon adisedn aldiscarive baving ageielity oTecks) wiehh 8 raR s divritetard. The

met hod according to claim4, wherein neasuring a second head position
par anet emopnted 9the Bead; theepparatvacomprisiogr eader at a position over the

second edge of the_track pitch:.. neasuyi BER over predet er i ned nunber
of disc rgvol ut i ong;(hsg@“(‘:’ soaroliey °?W’§°{?83§H}eef& A eh“"i“i‘?&%?@%@?%r ni ned
t hr esiol d BERdstadmifie thef rehdbe-tGBRRitbrio et tAE hbdiPfor big t%cﬁ%tc%ﬁiﬁuﬁﬁgtﬂehr eshol d
BER val ue, stepgi ng the reader by a predeterm ned distance toward a center

of the track @i e betwegn iarfgstth@e? p@&iﬁ@r:l and mggconéheasﬂ{pqs'tgir?ncwhpzdmi thgﬁ_rstn(cji

st eppi ng step ntil.the BERI ss .L.hap or.equal. to,.the predeterm ne

Uhr 68hol d BEFﬁ?F@Rﬁ’él,tmﬁr\%a‘k%pﬁé‘wﬁ}eﬁ‘gp?ﬂ%@w ﬁ‘mg%ﬂﬂé’;ﬁag?fi P%(E;ev??é (;m /Fi?ee BER

is | ess than : : . : @%&:v L HEhealt.

conmput er-read%?gglﬁgiﬁgg}tfgggzg?{elslggﬁgé%qpu%rgr g%aﬁelﬁ,c |n)g msPr uétions

for executi ngherein the OFisraeprirtieniof aitradkepitchloveB@hichhie feadertid edpebtell tdtedd | |
26- 8 apparatus for generating a

F oyl 1 Cl RS- 8.
reader-to-vvri’tng?m@Pf’ggfatf e%°$f’é‘d8°%§@$%ﬁ€ﬂ°’bver a track

e

9. The apparatus of claim 8, wherein the first head position is where a center of the

writer is positioned over a center of the track pitch.

15 10.  The apparatus of claim 9, wherein the information written on the track is free of an
incorrigible bit error if a bit-error-rate (BER) determined after reading the information over a

plurality of disc revolutions is less than a predetermined threshold BER value.

11.  The apparatus of claim 10, wherein the second head position is determined by

20  measuring a first head position parameter P1 and a second head position parameter P2 and
computing the midpoint between the first head position parameter P1 and the second head
position parameter P2, wherein the first head position parameter P1 and the second head
position parameter P2 are two end points of the OTC of the head, and wherein the first head
position parameter P1 is nearest a first edge of the track pitch where the BER is less than or

25  equal to the predetermined threshold BER value and that the second head position parameter
P2 is nearest a second edge of the track pitch on which position the BER is less than or equal
to the predetermined threshold BER value.

12. The apparatus of claim 11, wherein the first head position parameter P1 is determined
30 by positioning the reader at a position over the first edge of the track pitch; measuring BER

over a predetermined number of disc revolutions; comparing the measured BER with the



oh a d| sc in a d| sc drive Hﬂumg a plurality of tracks, wherein a reader

and a witer um“l;m e head, the apparatus corrpri sing: a disc
drive controll he reader and the writer operable to 5
det erni ne the réadér-

0- vvrlter of fset of the head for each track by
conputing the difference between a first ,}1ead position and a second head
position, wherein the first head p05|t|0%1 is an optinmal head position for

witing

m dpoi ntt)ﬂa{i&an o ﬁ)tr%gg%? capéﬁﬂéi ty (%?%‘s %%S&ﬂﬁmﬁﬁé;prg@&@lg%ﬂ?ﬁ%&c IS
a porti oBERfvalue stapping thec:’eadzx &y awiedeterinhedrdistaiee tomﬂmtee df the track Pitdl)
information that is free of an incorrigible bit error. 9. The apparatus of
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15 16.  The apparatus of claim 14, wherein the information written on the track is free of an
incorrigible bit error if a bit-error-rate (BER) determined after reading the information over a

plurality of disc revolutions is less than a predetermined threshold BER value.

17. The apparatus of claim 16, wherein the means for computing comprises measuring a
20  first head position parameter P1 and a second head position parameter P2 and computing a

midpoint between the first head position parameter P1 and the second head position

parameter P2, wherein the first head position parameter P1 and the second head position

parameter P2 are two end points of the OTC of the head.

25 18.  The apparatus of claim 17, wherein the first head position parameter P1 is a first head
position nearest a first edge of the track pitch having 2 BER less than or equal to the
predetermined threshold BER value and the second head position parameter P2 is a second
head position nearest a second edge of the track pitch having a BER less than or equal to the
predetermined threshold BER value.
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15  predetermined distance toward the center of the track pitch, and repeating the steps of

measuring, comparing, and stepping until the BER is less than or equal to the predetermined
threshold BER value.



