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¥ | (57) Abstract

A method for controlling assertion of a write inhibit signal in a disk drive (20) is described. The disk drive comprises at least one
rotating disk (22) having data recording surfaces, and a head (24) for each recording surface. Each head is mounted by an actuator (28) for
selective positioning of the head over the respective disk swrface. Each disk surface includes data tracks. The method comprises the steps
of calculating and storing a write inhibit threshold value (42a) for each head in the disk drive, performing a track following operation to
determine position of a preselected head relative to a preselected data track, retrieving the write inhibit threshold value for the preselected
head, comparing the determined head position to the retrieved write inhibit threshold value and asserting a write inhibit signal upon a certain
relationship between the determined head position and the retrieved write inhibit threshold value.




I's mounted by a rotary actuator armand is selectively positioned by the-
act ‘uator armover a preselected data track of the disk so that the
transducer can either read data fromor wite data to the presel ected data
track of the disk, as the disk rotates bel ow the transducer. 25
A gap is provi devwb dem7gdec head to position the active el enments gicridiSesn6sd?
transducer at a position suitable for interaction with the nmagnetic
transitions. In certain nodern transducer structures, dual gaps are
provided in the head, one for positioning a read transducer and the other
for positioning a wite transducer. In this manner, separate technol ogies
.can be WO 96/ 37890 '
'PCT/ US96/ 06847 -2- used for each of read and \gi te transducti on operations
to enhance the overall effectiveness of a disk drive product. Mor eover t he
'use of sseparate gaps acco ' 0 ' cl ude
nount i ng gi fferegt IOt ransdmmﬁeg&f%‘wﬁ?aﬁw ap 5
For exanple, in a magnetoresistive headIN¥RDISKADRIVENagnet or esi sti ve
el ement” (MR elenent) is used qa E reag trapsducer he magnetor.esisiive
el enent conprises a materi al dﬁh“aﬂ&é@ eR j diggeted to disk
resistance as a funciine. Mor F2aBHIEY, thepeaieht fvédtibh ProvideS A MABptEve write
S  inhibit signal to reduce fallout due to servo off track conditions and decrease

write inhibit events for improved disk drive performance. The write inhibit

signal is separately controlled for each head/disk interface to optimize write
operations as a function of head parameters unique to the head/disk
interface.

10 -Background of the Invention Disk drives are commonly used
in workstations, personal computers, laptops and other computer systems to
store large amounts of data in a form that can be made readily available to
a user. In general, a disk drive comprises a magnetic disk that is rotated by
a spindle motor. The surface of the disk is divided into a series of data

15  tracks that extend circumferentially around the disk. Each data track stores
data in the form of magnetic transitions on the disk surface.

An interactive element, such as a magnetic transducer, is used
to sense the magnetic transitions to read data, or to transmit an electric
signal that causes a magnetic transition on the disk surface, to write data.

20  Typically, the magnetic transducer is mounted in 2 head. The head, in turn,
is mounted by a rotary actuator arm and is selectively positioned by the
actuator arm over a preselected data track of the disk so that the transducer

- can either read data from or write data to the preselected data track of the

disk, as the disk rotates below the transducer.
> 25 A gap is provided in the head to position the active elements
of the transducer at a position suitable for interaction with the magnetic
transitions. In certam modern transducer structures, dual gaps are provided
in the head, one for positioning a read transducer arnd the other for
positioning a write transducer. In this manner, separate technologies can be



field applied to the elenent. In a disk drive environment, the MR el enent
10" is positioned within the read transducer gap, above a disk surface. In
‘this position. the electrical resistance of the el enment changes in tinme as
magnetic transitions recorded on the di sk pass beneath the read gap, due to
rotati on of thewyésgarsesbhe changes in the resistance of the MR pCHUSIS06847
caused by magnetic transitions on a disk occur far nore quickly than the
‘response of 15 conventional transducers to-magnetic transitions. Thus, an
MR transducer is able to sense nagnetic transitions during a read operation
.at higher rotational speeds and data densities. However, an MR elenent is
;not able to transmt a signal in a manner that efficiently generates a
magnetic field, which is necessary to 20 wi4e data on a disk surface.
Accordingly, an inductive circuit is used as the wite transducer and is

positioned in the Se@%rda{oﬁ Yot 288 aV& bfion DpEratidhs 1Venhhfd ﬁ% or

read froma data tra e approprrate transducer gap 1s centered by the
actuat or arm over t hgveralh effedtivenessfof aldiskidrive produdt. Mereover) theduse of separatebe

witten or fromwhere 25 the data js, to be regad,,to assyre acgurate ..
transduction of the ma.awm&t?ﬁ eSign CoNsAInty (hat 1"1?8?‘5 e‘iﬁé%c‘?%‘f‘néﬂlg

with the MR el ement kirepéiily éu&iéﬁ&e&ﬁiﬁﬂ@g%riﬁ&hé@aﬁe%yﬂcdlrgagk centerline
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and the gap associ ate e inductive wite circuit will be offsef from
that track centefline due to dFerkesamplgl di cq fraagnetpresisuve pead (MR hegd, 2

opposite is true in g phlhfesiol dfehfht (MR element) is used as a read transducer. The
magnetoresistive element comprises a material that exhibits a change in

electrical resistance as a function of a change in magnetic flux of a magnetic

field applied to the element. In a disk drive environment, the MR element

10  is positioned within the read transducer gap, above a disk surface. In this

position, the electrical resistance of the element changes in time as magnetic

transitions recorded on the disk pass beneath the read gap, due to rotation

" of the disk. The changes in the resistance of the MR element caused by

magnetic transitions on a disk occur far more quickly than the response of

15  conventional transducers to magnetic transitions. Thus, an MR transducer

is able to sense magnetic transitions during a read operation at higher
rotational speeds and data densities.

However, an MR element is not able to transmit a signal in a
manner that efficiently generates a magnetié field, which is necessary to

20  write data on a disk surface. Accordingly, an inductive circuit is used as the
write transducer and is positioned in the separate write gap.

Whenever data is either written to or read from a data track.
the appropriate transducer gap is centered by the actuator arm over the
centerline of the data track where the data is to be written or from where

25  the data is to be read, to assure accurate transduction of the data. Thus, in
a read operation, the gap associated with the MR element is centered over
the appropﬁaté data track centerline and the gap associated with the
inductive write circuit will be offset from that track centerline due to a skew
angle effect between the gaps. The opposite is true in a write operation.
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.-3- An inportant aspect of conventional disk drive design relates to

‘position control of the heads. The position control is used to accurately
.position a head over a data track for data read or wite operations. As
noted above, Whg@R¥¢Rsseglata are either witten to or read from acrrasdeoesdsar
5 data track, the appropriate transducer gap of the corresponding head is
preferably centered over the centerline of the magnetic transitions of the
‘data track where the data are to be witten or fromwhere the data are to
‘be read, to assure accurate transduction of the transitions representing
:data. If the head is off-center, the head may transduce transitions from an
:10 adj acent track. A servo systemis typicall]y used to control the
position of the actuator armto insure that tW5 head is properly positioned

‘over the magnetic transitions duting either a.read gr Le.operatiq a
known servo system servo po;igywﬁﬁ%@ﬁgﬁ&ﬂ@w’g%ﬁfﬁ %\Pet#é}ggirg}gtw
surface 15 itsel f, ,oARgitR édf¥ol of kbe héude. Mhelpogitiohadnirol isumed ito adcurambk
foll owkng operation to control the position of the actuator, arm Such a

servo arrangenent i sposiias pieadPvas 2qata trAcdon datr TRRds9S MENE OPErAtORE mAS sk
drive architectures Wil lapbilf) whenEESREe dreSGIne? writitdntoldt Rall TS o parfituiinded

5  data track, the appropriate transducer gap of the corresponding head is
preferably centered over the centerline of the magnetic transitions of the
data track where the data are to be written or from where the data are to -

- be read, to assure accurate transduction of the transitions representing data. -
If the head is off-center, the head may transduce transitions from an
10  adjacent track.
A servo system is typically used to control the position of the
‘actuator arm to insure that the head is properly positioned over the
magnetic transitiohs during either a read or write operation. In a known
servo system, servo position information is recorded on the disk surface
15  itself, and periodically read by the head for use in a track following
operation to control the position of the actuator arm. Such a servo
arrangement is referred to as an embedded servo system. In modern disk
drive architectures utilizing an embedded servo, each data track is divided
into a number of data sectors for storing fixed sized data blocks, one per
20 sector. In addition, associated with the data sectors are a series of servo
sectors that are generally equally spaced around the circumference of the
data track. The servo sectors can be arranged between data sectors or
arranged independently of the data sectors such that the servo sectors split
data fields of the data sectors, as is well known. |
» 25 Each servo sector contains magnetic transitions that are
arranged relative to a track centerline such that signals derived from the
transitions can be used to determine head position. For example, the servo
information can comprise two separate bursts of magnetié transitions, one

recorded on one side so the track centerline and the other recorded on the



into a nunber of data sectors for storing fixed sized data bl ocks, one per
20" sector. In addition, associated with the data sectors are a series of
'servo sectors that are generally equally spaced around the circunference of
‘the data track. The servo sectors can be arranged between data sectors or
arranged i ndepenggidshiep! the data sectors such that the servo wegdsv6/66847
split data fields of the data sectors, as is well known. 25

"Each” servo sector contains nagnetic transitions that are arranged rel ative
to a track centerline such that signals derived fromthe transitions can be
;used_to determ ne head position. For exanple, the servo information can
conprlse two separate bursts of magnetic transitions, one recorded on one
}S|de so the track centerline and the other recqrded on the WD 96/ 37890
'PCT% US96/ 06847 opposite side of the track centerline. Whenever a head is

over a servo sector, the ,heay s each of vo bursis ,and the
signals resulting frcﬂﬂppﬁéeﬁlaﬁrfg graterti ebﬁ?@“&f@ {xq.aélﬁ NPt S45FY°

e.g., a control devi GgctaHahe ﬁéa@reaas)sm&ﬂrtha\sérm Buﬁstseandltﬁgslgﬁa]yﬁesﬁmng from
processing. 5 he head is properly positioned ove

track centerline, théhﬁmwmpnﬁmmtstﬂﬁéW&tﬁdst?se-g-aﬁ&o{m@ @Q"i“'&r%t’h
of the conbined si gnadssaf:fo%gs%gf‘&ﬁﬂmfﬁgrﬁﬁﬂ"&nw&?tprﬁ&sﬁﬁﬁ side of the track

centerline will

5 When the head is properly positioned over a track centerline,
the head will straddle the two bursts, and the strength of the combined
signals transduced from the burst on one side of the track centerline will
equal the strength of the combined signals transduced from the burst on the
other side of the track centerline. The microprocessor can be used to

10  perform the track following operation. The track following operation
basically entails the subtraction of one burst value from the other each time
a servo sector is read by the head. When the result is zero, the '
microprocessor will know that the two signals are equal, indicating that the
head is properly positioned.

15 If the result is other than zero, then one signal is stronger than
the other, indicating that the head is displaced from the track centerline and
overlying one of the bursts more than the other. The magnitude and sign
of the subtraction result can be used by the microprocessor to determine the
direction and distance the head is displaced from the track centerline, and

20  generate a control signal to move the actuator back towards the centerline.

A write inhibit signal is used to terminate transmission of a
write signal to a head during a time period that the servo signal indicates
that the head is off center by an amount that would result in writing data in
an adjacent track. In conventional disk drives, the threshold for asserting a

25  write inhibit signal is set at the same level for all heads in the disk drive and
at a level that is sufficient to accommodate the widest possible write gap
width, relative to the width tolerances for the head. This is, in effect, a
worst casé solution. If the servo system indicates tﬁat the head is of track

center by an amount that would cause a head, having a widest possible write



equal ‘the strength of the conbined signals transduced fromthe burst on the
ot her side of the track centerline. The m croprocessor can be used to 10
performthe track foll ow ng operation. The track foll ow ng operation
‘basically entails the subtraction of one burst value fromthe other each
time a servo segigiesigpo’ €ad by the head. \Wen the result is zetomsdénsss?

.m croprocessor will know that the two signals are equal, indicating that
gthe head is properly positioned. 15 If the result is other
‘than zero, then one signal is stronger than the other, indicating that the
head is displaced fromthe track centerline and overlylng, one of the
bursts more than the other. The magnitude and sign of the subtraction
‘result can be used by the microprocessor to determne the direction and

.di stance the head is displaced fromthe track=centerline, and 20 generate
a control S|gnal to nove the actuatqQr back towards the centerline. A wite
inhibit signal is uﬂ 1QOOVEEVRS 8 @PF%Q%E‘F%%W‘%‘S’E@‘%‘ 45 agsgrigd.

head during a time %dﬁw%eﬂf}?né%&mwmﬁ%ma Headlis 16 thapthel S

of f cemter by an anount at wou result 1n witi data i n an adj acent
track. |n conventi ormaxigiugk witdth, and wohlsd nof; G’Sﬁﬂﬁ,cpvﬁwn@s%@ﬂd]aﬂ@taﬂﬂﬁ track.

wite inhibit signal
drive and at a Ievellnfjge@%g?st“\a% cient Af c%ag’%n#ggglse t eﬁ]\ﬂ&%es grﬁ%gsﬁ)l e
W][:cte gap w dth, 5reltalerascet dfleAncd‘dhlgl)leﬁrm‘imnhstlgﬂai chm bel assEined mere i n
effect, a worst case.,solytion. |f the servo system.indic at the head
is of track center H§M&h W?Efi ‘?ﬂ&i@ é'dl‘?éﬁﬂt 35“&85;5 %h&‘égs
possible wite an undue disruption of disk drive operation.

In a dual gap head, the width dimension of the write

transducer is typically approximately equal to the radial width of the data
10 . track, while the width dimension of the transducer is significantly narrower
than the width of the write transducer. Advantage can be taken of the
relatively narrow MR transducer in connection with servo position control
relating to write operations. More specifically, the narrower width of the
MR transducer permits greater leeway in setting the level of a write inhibit
15  threshold. A properly positioned MR transducer will be well within the
radial width of a data track when used in a read operation and will not read
any transitions at the outer portions of the data track. Thus, a head
positioned to write data to a particular data track can be displaced from that
track centerline, even to the extent that it overlies an adjacent data track, if
20 the amount the head overlies the adjacent data track is beyond the effective
read width of the corresponding MR head when that head is properly
positioned to read data from the adjacent data track.
However, the write inhibit threshold is still set relative to the
widest possible write gap width and widest possible read gap width. and the
r 25  same threshold is used for all of the heads of the disk drive. Accordingly,
despite the added leeway available in disk drives utilizing MR heads, the
number of write inhibit signal assertions will still generally exceed the
number of assertions actually necessary to protect the integrity of data

written onto data tracks.
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-5—- gap, to overwite an adjacent data track, the wite inhibit signal is
'asserted. This is true even if the actual width of the particul ar head is
_Iess t han the maxi mwm wi dth, and would not, in fact, overwite an adjacent
data track. |ndepgleedrides i s true even if the wite gap w dth i CBUSE847
-mni mum end of the 5 tol erance range. Accordingly, the wite inhibit

;SI gnal can be asserted nore times than necessary to avoid overwiting

radj acent data tracks, resulting in an undue disruption of disk drive
;operatlon In a dual gap head, the width dinmension of the wite transducer
i1s typically approximtely equal to the radial width of the data 10
|track while the w dth dinension of the transducer is significantly
‘narrower than the width of the wite transducer. Advantage can be taken of

the relatively narrow MR transgducer onpnect.i L.

‘control relating to wite opewm%ﬁﬁhfﬁr%ﬁ? %Ogm?&ﬂw}dv?fés wihdt h
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' ’ S  threshold is set for each head/disk interface in the disk drive. In disk drives
utilizing MR heads, the write inhibit threshold for any particular head/disk
interface is set as a function of the actual width dimensions of each of the

write and read gaps.

It is customary to measure the width of each of the write and
10 .read gaps for each head used in a disk drive. Thus, the information for
implementing the present invention is ordinarily already available. A write
‘inhibit threshold can be calculated for each head, based upon the actual
dimensions for each head, and stored in a disk drive memory. During a write
operation, the servo control system of the disk drive can retrieve the stored
15  threshold value for the actual head being used in the write operation, and
use that threshold value in the control of the assertion of the write inhibit

signal. -
The narrower the read gap of a particular head, the further the
corresponding write gap can go off center during a write operation before
20  reaching a portion of an adjacent track where the read gap would transduce
transitions when reading data. This is also true for a write gap having a
width dimension that is less than the maximum of the tolerance range for
. the head product. In such circumstances, the write inhibit threshold can be
set at higher levels than necessary for a widest possible gap width case, to
25  thereby take full advantage of lower dimensions for an actual head.
According to the présent invention, a write inhibit signal is asserted only if
the actual dimensions of a particular head require its assertion to avoid
writing within the read gap expanse of an adjacent track. Thus, in each
instance, the number of times a write inhibit signal is asserted is controlled



positioned to wite data to a particular data track can be displaced from
that track centerline, even to the extent that it overlies an adjacent data
track, if 20 t he amount the head overlies the adjacent data track is
beyond the effective read width of the correspondi ng MR head when that head
is properly poswiosemysbot 0 read data fromthe adjacent data tragcTnSosesssr
the wite inhibit threshold is still set relative to the wi dest possible
write gap width and widest possible read gap w dth and the 25 same
threshold is used for all of the heads .of the disk drive. Accordingly,
despite the added | eeway available in disk drives ut|I|Z|ng MR heads, the

nunber of wite inhibit signal assertions will still generally exceed t he
number of assertions actually necessary to prolyect the integrity of data
witten onto data tracks. WD 96/ 37890

PCT/ US96/ 06847 - 6- Summar nvention The ent nve rovi des
an adaptive control Pﬁ‘f'org\%ﬁn?t?tae&?sﬁ'ﬁf Linl gsmpotfgr EFQ ‘ﬁeﬂﬁg ?JE

times the wite inhi biotstdags&enasio 36 neinintide d&mbﬁdmrd@smmm:mpdfaﬁbnsve
perforﬁance According to the gresent JI’I,VEI’I .0 a . separate wite iphihit 5

threshold i s set for each headBHEERescEiptionof the Drawingsfigure | is\perspeeiive agw
drives of an exemplary disk drive.

5 Figure 2 plan view of the printed circuit board of the disk
drive of fig. 1.
Figures 3a-c present a diagrammatic explosion of the format
and constituency of a representative data sector, as recorded within the data
tracks of the disks of the disk drive of fig. 1.
10 Figure 4 is a diagram of two adjacent data tracks illustrating
the teachings of the present invention.
| Detailed Description Referring now to the drawings, and
initially to fig. 1, there is illustrated an example of a disk drive designated
generally by the reference numeral 20. The disk drive 20 includes a stack
15  of storage disks 22a-d and a corresponding stack of read/write heads 24a-h.
~ Each of the storage disks 22a-d is provided with a phirality of data tracks to
store user data. As illustrated in fig. 1, one head is provided for each
surface of each of the disks 22a-d such that data can be read from or written
to the data tracks of all of the storage disks. It should be understood that
20  the disk drive 20 is merely representative of a disk drive system utilizing the
present invention and that the present invention can be implemented in a
disk drive system including more or less storage disks.
The storage disks 22a-d are mounted for rotation by a spindle
motor arrangement 29, as is known in the art. Moreover, the read/write
- 25  heads 24a-h are supported by respective actuator arms 28a-h for controlled
positioning over preselected radii of the storage disks 22a-d to enable the
reading and writing of data from and to the data tracks. To that end, the
actuator arms 28a-h are rotatably mounted on a pin 30 by = voice coil motor



utilizing MR heads, the wite inhibit threshold for any particul ar
head/ di sk interface is set as a function of the actual w dth di mensi ons of
‘each of the wite and read gaps. It is customary to neasure the w dth of
‘each of the wite and 10 read gaps for each head used in a disk drive.
‘Thus, the inforgrdéepRgdp0r | Pl ementing the present invention i scHosscnessry
al ready available. A wite inhibit threshold can be cal cul ated for each
head; based upon the actual dinensions for each head, and stored in a disk
.drive menory. During a wite operation, the servo control system of the
‘disk drive can retrieve the stored 15 threshold value for the actual head
.being used in the wite operation, and use that threshold value in the
ccontrol of the assertion of the wite inhibitgsignal. The narrower the read
gap of a particular head,the further the corf@éponding wite gap can go off

center during a witg operation be e _20 reachin i
adj acent track wher eﬁ[ rqlgﬁt? @EE‘%O{’}VWPF%W&&@&@%&@@ %{-&é&ﬁ%ﬁéﬁs&; can
data. This is al so tdiskesrfices Wite gap having a width dinmension that is

| ess than the nmaxi num of the tol erance [rﬁaagye R ogeét“ge, head pr.oduct. |n ,such
circumstances, the wite inhi (e i, dsntsad/ vHie els moupiednia 2| RFREUYE han

necessary for a w degh,ROSSHA! a%@x"ﬂ qeﬁm“caéﬁmehp)&ﬁét shdvﬁﬂrﬁm’c%ﬂzbﬁsésUM
or a

advant age of | ower dinensions actual head. According to the present
invention, a wife imagnsitic teangdnder 23 moyntedito@ stides 26 having-arhair haaring S ons

of a particular head(nag gﬂb\h?}, 'ai15n%5 Sbivh Makibr2VARE (t{ypically utilized in disk drive
systems, the sliders 26 cause the magnetic transducers 25 of the read/write
heads 24a-h to "fly" above the surfaces of the respective storage disks 22a-d

for non-contact operation of the disk drive system, as discussed above.
10  When not in use, the voice coil motor 32 rotates the actuator arms 28a-h
during a contact stop operation, to position the read/write heads 24a-h over
a respective landing zone 58 or 60, where the read/write heads 24a-h come
to rest on the storage disk surfaces. As should be understood, each of the
read/write heads 24a-h is at rest on a respective landing zone 58 or 60 at the

15 commencement of a contact start operation.
A printed circuit board (PCB) 34 is provided to mount control
‘electronics for controlled operation of the spindle motor 29 and the voice
coil motor 32. The PCB 34 also includes read/write channel circuitry
coupled to the read/write heads 24a-h, to control the transfer of data to and
20  from the data tracks of the storage disks 22a-d. To thatend, a pre-amplifier
31 is mounted adjacent the voice coil motor 32 to electrically coupie the
heads 24a-h to the read/write channel circuitry. The pre-ampliﬁer 31
includes an amplification stage to amplify electrical signals transduced by a
head during a read operation, and a write driver arrangement to transmit a
25  current to a head in a write operation. The manner for coupling the PCB
34 to the various components of the disk drive is well known in the art.
Referring now to fig. 2, there is illustrated in schematic form
the PCB 34 and the electricél couplings between the control electronics on
the PCB 34 and the components of the disk drive system described above.



witing wwthin the read gap expanse of an adjacent track. Thus, in each
I nstance, the nunber of tinmes a wite inhibit signal is asserted is
controlled WD 96/ 37890

PCT/ US96/ 06847 -7- according to a best-as-can-be scenario for the

particul ar headypegsmesl of a worst case scenario to mnimze JdPCI/USHGN6843 Of
disk drive wite operations. Brief Description of the Drawngs Figure 1 is
perspective view of an exenplary disk drive. -5 Figure 2 plan
view of the printed circuit board of the disk drive of fig. 1. Figures 3a-c
present a diagranmmatic explosion of the format and constituency of a

representative data sector, as recorded within the data tracks of the disks

of the disk drive of fig. 1. 10 Figure 4 is a diagram of two
adj acent data tracks illustrating the teachinds of the present invention.

:Det ail ed Description Referring now (o the draw ngs, dinitiglly tg fig.
1, there is illustraheepninel dexies| Mchfas;a JRICRORIPFEFEOTY i”ﬁﬁ&l‘%‘&gg@néﬁ“& Pt/%by

the reference numer aljeaéﬂ;git-g%nﬁio? 56,§?ﬂnﬁ§?e %tﬁtﬁgt#dm 382acth#t6K cdmtrol 40, ROM

storage di sks 22a-d an correspon stac read/ wite heads 24a-h.

42 and RAM 43. In modern disk drive designs, the microprocessor can
comprise a digital signal processor (DSP). The microprocessor 35 sends data
5 1o and receives data from the storage disks 22a-d via the read /write control
36 and the read/write heads 24a-h.
The microprocessor 35 also operates according to instructions
stored in the ROM 42 to generate and transmit contro! signals to each of
the spindle motor control 38 and the actuator control 40.

10 : The spindle motor control 38 is responsive to the control
signals received from the microprocessor 35 to generate and transmit a drive
voltage to the spindle motor 29 to cause the storage disks 22a-d to rotate at
an appropriate rotational velocity.

Similarly, the actuator control 40 is responsive to the control

15  signals received from the microprocessor 35 to generate and transmit a
voltage to the voice coil motor 32 to controllably rotate the read /write heads

24a-h, via the actuator arms 28a-h, to preselected radial positions over the
storage disks 22a-d. The magnitude and polarity of the voltage generated
by the actuator control 40, as a function of the microprocessor control

20  signals, determines the radial direction and speed of the read/write heads
24a-h.

| When data to be written or read from one of the storage disks

22a-d are stored.on a data track different from the current radial position

of the read /write heads 24a-h, the microprocessor 35 determines the current

: 25 radial position of the read/write heads 24a-h and the radial position of the
data track where the réad/write heads 24a-h are to be relocated. The

microprocessor 35 then implements a seek operation wherein the control

signals generated by the microprocessor 35 for the actuator control 40 cause

the voice coil motor 32 to move the read /write heads 24a-h from the current



Each of the storage disks 22a-d is provided with a plurality of data tracks
to store user data. As illustrated in fig. 1, one head is provided for each
surface of each of the disks 22a-d such that data can be read from or
witten to the data tracks of all of the storage disks. It should be
understood that @@9estdee di sk drive 20 is nerely representati vepCrUsH6HEsak
drive systemutilizing the present inventionm and that the present invention
‘can be inplenmented in a disk drive systemincluding nore-or |ess storage

:di sks. The storage di sks 22a-d are nmounted for rotation by a spindle notor
.arrangenent 29, as is known in the art. Mreover, the read/wite 25 heads
I24a-h are supported by respective actuator arms 28a h for controlled
§p05|t|on|ng over preselected radii of the storage disks 22a-d to enable the
reading and witing of data fromand to the data tracks. To that end, the

actuator arms 28a- ghg (olR!FPLYGMRHRKGS' dath k"t el el SokisR! O

WD 96/ 37890
32 operable to contrMibﬁdyiwce\swranmdcﬁmmmék raﬁoﬁaﬁedaoneadnaﬂndnmdmss

actuator arm 28a-h by a 1l exur BIERGHEAFBRS: T FeAHRs S dedpits Beadiodier to'®
: the destination data track, the pre-amphﬁer 31is used to couple the head
5  24a-h over the specific data track to be written or read, to the read/write
control 36, as is generally known in the art. The read/write control 36
includes a read channel that, in accordance with modern disk drive design,
comprises an electronic circuit that detects information represented by
magnetic transitions recorded on the disk surface within the radial extent of .
10 the selected data track. As described above, each data track is divided into
a number of data sectors. | |
- During a read operation, electrical signals transduced by the
head from the magnetic transitions of the data sectors are amplified by the
pre-amplifier 31 and input to the read channel of the read /write control 36
15  for processing. The RAM 43 can be used to buffer data read from or to be
written to the data sectors of the storage disks 22a-d via the read/write
control 36. The buffered data can be transferred to.or from a host computer
utilizing the disk drive for data storage.
Referring now to figures 3a-c, there is illustrated an exploded
20  diagram showing the format and constituency of a representative data sector
of one of the data tracks of the disks 22a-d, as used in a prior art,
conventional disk drive. Figure 3a represents a portion of a sequence of
data sectors recorded in the form of magnetic transitions within the radial
extent of the data track. The data sectors are labeled N_;, Ng, N1, and N,.
25  The sequence of data sectors extends around the entire circumferential
length of the data track.
Figure 3b is an exploded view of the data sector Ny The data
sector N, is divided into a number of fields. The left most field comprises
a servo field 100 that contains servo position information, as will be



5 magnetic transducer 25 nounted to a slider 26 having an air bearing
surface (not shown), all in a known manner. As typically utilized in disk
drive systens, the.sliders 26 cause the magnetic transducers 25 of the
read/ wite heads 24a-h to "fly" above the surfaces of the respective :
storage di sks 2Qaygdishep non-contact operation of the di sk drivecrwshensss7as
di scussed above. 10 When not in use, the voice coil notor 32 rotates the
actuator arms 28a-h during a contact stop operation, to position the

read/ wite heads 24a-h over a respective |anding zone 58 or 60, where the
‘read/wite heads 24a-h cone to rest on the storage di sk surfaces. As should
‘be understood, each of the read/wite heads 24a-h is at rest on a
respective | anding zone 58 or 60 at ‘the 15 Pnnencenent of a contact
jstart operation. A printed circuit board (PCB¥'34 i's provided to nount

'‘control electronics for . controlle ration of, ihe i ndl e not og. 29 d
the voice coil notor %@%E‘ E@éﬁ%&@egbquﬂﬁ?tuﬁfeé@}f&% \MqJPFese’é‘f?ahﬁlél 160'ss
circuitry coupl ed t Goliowed Bd Wt field €0%sontdining recbrdedthagietictearsitivng ftRdt of
data to and 20 fromthe data tracks of the storage_ di sks 22a-d. Tq,t hat

end, a pre-anplifi erarg used tpSynshronize)the: sead 9%%&&%%&%@5 '32‘_”"26“"3
el ectrically couple &B&OPQQ% t%é%ér’%)uiﬁﬂ?}f gg%rlfagﬂgﬁé"’ﬁ‘ahﬁtiﬁﬂsai’&lﬁ}?éa bft thé 'disk

The pre-amplifier 31 includes an a | stage to anplify electrical
signal s transduck®d Ispriacéimthediollowingfieldad operation, and a wite driver

arrangenment to transmt a 25 | ' A J 0N ... The
manner for coupling the PCB 3E@W$gﬁ"%ﬁ%%ﬁ%ﬁ?@%ﬁ%ﬁhgﬁdsﬁﬂ&}r'i&ve
is well known in thecontdins magnetic transitions representing unique identification information

' for the specific data stored in the data sector N;. In this manner, the disk

drive system can locate and verify the exact data sector for any particular

10 block of data that a host computer may require in a read operation.
Included in the address header field 104 is head identification information
to specify which one of the heads 24a-h is actually active and transmitting
signals to or from the pre-amplifier 31. Another sync field 106 follows the
address header field 104. '

15 Actual data are stored in the next data field 108, which is
followed by an error correcting field 110. The error correcting field 110
includes magnetic transitions representing information that is redundant of
the data recorded in the data field 108. The error correcting information is
used by the read/write control 36 to detect and correct errors that may

20  occur during a read operation, using known error correcting techniques. A
sector gap 112 follows the error correcting field 110 to physically separate
the data sector N, from the following data sector N;.

Referring now to fig. 3¢, each servo field 100 comprises

position information that is used to control the radial position of the

. 25  actuator arms 28a—h, e.g., during a read operation. A servo sync field 114
is used to synchronize the read and write electronics of the read/write

control 36 to the frequency of magnetic transitions representing position

Information within the servo field 100. A sector mark 116 is a recorded

transition that is used by the read/write control electronics to determine the



Referring nowto fig. 2, there is illustrated in schematic formthe PCB 34
and the electrical couplings between the control electronics on the PCB 34
;and the conponents of the disk drive system descri bed above. WD 96/ 37890
-PCT/ US96/ 06847 -9- A control device such as a mcroprocessor 35 is coupled

‘to each of ar ;W'a‘nb control 36, spindle notor control 38, pEitisdsoEsaT
~control 40, ROsﬁ andsRAM 43. I n nodem di sk drive designs, the

'm croprocessor can conprise a digital signal.processor (DSP). The

m croprocessor 35 sends data 5 to and receives data fromthe storage

di sks 22a-d via the read/wite control 36 and the read/wite heads 24a-h.

. The m croprocessor 35 al so operates according to instructions stored in the

%R_C]\/I42 to generate and transmit control si gnal@ to each of the spindle

‘notor control 38 and the actuator control 40.7*40 The spindle

nmotor control 38 is respansi to the control sigpals received fromth

m cr opr.ocessor 35 tobeﬁlﬁ)f@'l%f’éﬁ’& tﬁsreﬁ?@ﬁ"t @ecff‘?@j]é"\‘)’&cf’ﬁté@ ';(%C%E(Wécsélﬁﬁﬁ e

nmotor 29 to cause t hggcfdromage 146 b timeé ahe beginniignbf pidcedsing o redédttia signals

rotational velocity. Siml a(“)y t he actuator control 40 is responsive to
transduced by

t he control the head over data sector N,
' A Gray code field 118 follows the sector mark 116. The Gray
5  code field 118 contains coded information that indicates the track number

where data sector N, is located. This information is used to locate a

particular data sector during a seek operation, as described above, by

providing a unique identification for each data track on the respective disk

surface. The Gray code field 118 is followed by a fill field 120 to separate

10  the Gray code from the remaining servo field information comprising a servo
. pattern including an A burst 122 and a B burst 124.

As illustrated in figure 3¢, the A and B bursts are arranged to
straddle the centerline of the data sector N,, with the A burst 122 positioned
above the centerline, as shown in the example of Figure 3c, and the B burst

15 124 positioned below the centerline. Each of the A and B bursts comprises
a series of magnetic transitions of alternating north/south, south/north
- magnetic pole transitions which result in a series of electrical signals, when
the transitions of the A and B bursts of the data sector N, are transduced
by a corresponding head 24a-h, as the disk rotates. |
20 The width of the head 24a-h positioned above the data sector
N, is approximately equal to the radial extent or width of the sector. As
discussed, during a read or write operation, the head 24a-h is centered over
the sector N, to properly transduce only magnetic transitions of the sector
N, into corresponding electric signals. If the head 24a-h is off-center, the
25  head 24a-h may begin to transduce transitions from data sectors of an
adjacent track, resulting in an incorrect data read or write.

During operation of the disk drive, each time a head 24a-h is
over a pair of A and B bursts, the signals transduced by tie head 28a-h are
transmitted to the microprocessor 35, which sums all of the signals from the



15 signals received fromthe mcroprocessor 35 to generate and transmt a
voltage to the voice coil notor 32 to controllably rotate the read/wite
heads 24a-h, via the actuator arnms 28a-h, to preselected radial positions
-over the storage disks 22a-d. The nagnitude and polarity of the voltage

gener ated by th%@ﬁﬁﬁhor control 40, as a function of the ni crpemrussamEssar
-control 20 signals, determ nes the radial. direction and speed of the

‘read/ wite heads 24a-h. \When data to be witten or read fromone of the
storage disks 22a-d are stored on a data track different fromthe current
radial position of the read/wite heads 24a-h, the m croprocessor 35
determi nes the current 25 radi al position of the read/wite heads 24a-h
rand the radial position of the data track where the read/wite heads 24a-h
‘are to be relocated. The microprocessor 35 thdd-inplenents a seek operation
whereip the control signals generated by the mcroprocessor 35 for the

actuat or control 40 Adwwst 12Rcsuras alkof thel signalsoiromthe B burst 124, and subiragts one
heads 24a-h fromthe

r 7 . . .
PCT/ US96/ 06847 - 10- agtﬂg iﬁ?&a‘&lu?s\@o&%g (ﬁﬁgr to obtaxgta subtracﬁlon result comprising

0 a destination a track at the desired
radial position. M caafiffereaes vahiensilr accbrding t6 dnstructionk staved doitba BOM 42.
stored in the ROM 42When the head 24a-h is properly position over the centerline, the difference
§  value is zero. When the difference value is non-zero, that indicates that the

head 24a-h is off-center.
For example, if the head 242-h is completely off-center, above
the centerline shown in figure 3c, the head 24c will transduce all of the
transitions of the A burst 122, but none of the transitions of the B burst 124.
10  The difference value will equal the sum of the transitions of the A burst 122
since the B burst sum will have a zero value. This result signals the
microprocessor 35 to control the actuator arm 28a-h, via the actuator control
40, to move the head 24a-h toward the centerline, until the difference value

is again zero.

15 In addition to instructions relating to seek and track following
' servo operations performed by the microprocessor 35, the ROM 42 stores
instructions relating to a write inhibit signal. The microprocessor 35, during
performance of servo track following functions in a write operation, will
ascertain, during an indication of a non-zero difference value, whether the
20  distance the head is displaced from a track centerline is above a certain
‘threshold value. If it is, the microprocessor 35 asserts a write inhibit signal
to suspend writing of data to the disk surface while the actuator arm is
controlled to move the head back to a proper position. The threshold value
is based upon the width of the write gap relative to track width. So long as
- 25  the head writes to a data track and does not write to a region of an adjacent
data track that is read by a head during a read operation to the adjacent
data track, the head can continue to write, even though the servo
information processed by the microprocessor 35 indicates a non-zero

difference. The threshold value is a measurement of how far a head can be



When the actuator has noved the read/wite heads 24a-h to the destination
data track, the pre-anplifier 31 is used to couple the head 5 24a-h over
the specific data track to be witten or read, to the read/wite control
36, as is generally known in the art. The read/wite control 36 includes a
.read channel thgjgoglsfgsgCcor dance with nodem di sk drive design, peRo®siossas an
ielectronic circuit that detects information represented by nmagnetic
transitions recorded on the disk surface within the radial extent of 10
‘the selected data track. As described above, each data track is divided
into a nunber of data sectors. During a read operation, electrical signals
‘transduced by the head fromthe nmagnetic transitions of the data sectors
are anplified by the pre-anplifier 31 and inpi to the read channel of the
read/ wite control 36 15 for processing. Th M 43 can be used to buffer

data read from or to.b ento he tor f t he ,st or age di sks
22a-d via the read/\/\ﬁhFE@“’dohP ??Pge"ﬁlll'}Ff sc‘yﬁﬂ%aﬁ 8fra8d
to or froma host cogmadent tﬂick'thﬁt MréahemieSksedéﬁ Mewﬁtérlﬂlﬁﬁﬁsfgh@lr Afiffimizes
Referring now to figures 3a-c, there is jllustrated an expl oded 20

di agr am showi ng t he GiSTIPHONSIRA meppemﬁwywrame@a@gemmwf&aem@@t or

of one of the data tyg@gks [ﬁ}m%

conventional disk dr{’ve I 'gure 3a represen st%%gg?#o@a?t %Htgg%ﬁgﬁ@e of
data sectors recbrded |n the fMdmmBsemwe,lmawommnbndr(hsk/dnmthetthmshe}dl al
extent of the data t raﬁ eis set %.t aal 9elst‘fi3{ raiatef'ts tﬂea&ldegtdpg!sﬁ'ié lVidlhl[fS{ El]wme

N err] and N err]

gap. In the manufacture of any product there is a tolerance range. The
actual width of the write gap of a particular head in a disk drive will be
within the tolerance range observed by the head manufacturer. The setting

10 - of the write inhibit threshold at the widest end of the tolerance range
assures that the write inhibit signal is always properly asserted since it
terminates a write operation at an-amount of head displacement where the
widest possible write gap would overlay a read region of an adjacent track.
Heads having a narrower write gap width could actually be further displaced

15  before affecting data integrity. However, this is the shortcoming of the
conventional approach. When the actual width dimension of a head is less
than the maximum of the tolerance range, the write inhibit signal is asserted
more often than necessary to assure data integrity, resulting in an undue
number of disruptions of write operations.

20 As noted above, an MR head has the added advantage of
having a read gap that is much narrower than the write gap. Thus, in disk
drives implementing MR heads, the write threshold can be set a higher level
since a relatively wide outer region of each track is not within the read width

of the track. The amount of the outer track region beyond the read gap

[
N

width also varies from head to head, and can affect the write inhibit
threshold. Indeed, the current manufacturing tolerance range for MR read
gap width is as high as 40%.



25 The sequence of data sectors extends around the entire circunferenti al
length of the data track. Figure 3b is an exploded view of the data sector
N[err] The data sector Nerr] is divided into a nunber of fields. The |eft
npbst field conprises a servo field 100 that contains servo position

I nformati on, asw é637659 WD 96/ 37890 _ PCTUS96/06847
{PCT/ US96/ 06847 -11- described in nore detaid in respect of figure 3c. The
servdo field 100 is followed by a sync field 102 contai ning recorded
magnetic transitions that are used to synchronize the read and wite

el ectronics of the read/wite control 36 to the frequency of nmagnetic
transitions recorded on the disk 5 surface in the followng field.
Followi ng the sync field 102 is an address hea er field 104 that contains
imagnetic transitions representing unlque |dent Tication information for the

specific data stored in the data sector In.this rranner the di
drive systemcan |locate and v ?‘f'?/"efhé”bé? ?‘?l{ g, e eepvepypn r‘ﬂh@m ar

10 bl ock of data tdsprodch)a8VvantsEis net tdley of P&ud difd Wiite d;ﬁﬁiitmﬁhfd)léss
Included in the addreéss header field. 104 is head identification

information to specitgn ¢mﬂmcﬂ“!1ﬁé°|ﬁml’m‘h is actual ly active and
transmtting

5 . According to the present invention, an adaptive control is
provided for the write inhibit signal. In an exemplary embodiment of the
invention, a write inhibit threshold table 42a is stored in the ROM 42. The
table lists a write inhibit threshold value for each individual head of the disk
drive. The value stored for a particular head is based upon actual

10 - measurements of the read and write gaps of that head. When a write
operation is to be performed, the microprocessor 35.1ooks up-the threshold
value for the specific head to be used in the write operation and uses that
value to control assertion of the write inhibit signal during the write
operation.

15 Figure 4 can be used to explain the adaptive control features
according to the present invention, when used with MR heads. Tracks N
and N+1 are two adjacent data tracks. The blocks shown in Tracks N and
N+ 1 marked illustrate the positions of the write width and read width, from
left to right respectively, of a head having separate write and read gaps,

20  when centered over the tracks. The distance A represents the distance a
head can go off center from a track during a write operation without
affecting the portion of the adjacent data track traversed by a read gap
during a read at the adjacent track. In other words, if during a write to
Track N+1, the head moves off center with respect to Track N + 1,

. 25  towards Track N, any transitions falling within the radial extent of Track N
will not affect data integrity so long as the transitions are outside of the

radial extent of the read width of Track N.
A write inhibit signal would only have to be dsserted when the

displacement of the head is great enough to overlay the read width of the



signals to or fromthe pre-anplifier 31. Another sync field 106 follows the
address header field 104. 15 Actual data are stored in the
.next data field 108, which is followed by an error correcting field 110.

. The error correcting field 110 i ncludes magnetic transitions representing

i nformation t hayd sgargggundant of the data recorded in the dat aptrmbsbeé®s.
The error correcting rnfornmation is used by the read/wite control 36 to
detect and correct errors that may 20 occur during a read operation,
usi ng known error correcting techni ques. A sector gap 112 follows the error
correcting field 110 to physically separate the data sector N err] fromthe
foll'owing data sector N err]. Referring nowto fig. 3c, each servo field
1100 conprises position information that is used to control the radial
‘position of the 25 actuator arns 28a-h, e.gﬂﬁ'during a read operation. A
servo sync field 114 is used to_synchronize the read and ite ﬁlsctronics
of the read/wite comentmckoﬁherqsmqumndﬁcm&%&%%wtd“aﬁgsms

.representing positiog,l e ] Q,Q‘é ¥ d. SAGotdifely A whfd i@hibiar K
116 is a recorded triabr{srlg%‘fwlg{ |ss u eghggletﬁﬁga{%égad/wi teggcl_%ntro[ .

el ectronics to det er thresholdis calcultedaidstesd for each individual head in the disk drive.
PCT/ US96/ 06947 - 12- TR . . .

The write inhibit threshold for any particular head is calculated as a function

S - of the actual dimensions of the head.

The following is a simplified example according to the present
invention, in pseudo code, for the track following and write inhibit operation
of a disk drive when the disk drive is writing to a preselecied data track:
1. begin track following

10 2. measure each burst value at a servo sector |
| 3. calculate a difference value between the servo burst values
4, if the difference value is zero go to 2, if not:
i retrieve write inhibit threshold from table 42a for the
head being used to write
15 ii. compare difference value to threshold value

_ if difference value is greater than threshold
& assert write inhibit signal, then go to 5
if difference value is less than threshold go to 5
5. calculate and transmit control signal for moving the head.
20



begi nning of the data sector N err]. The read/wite control electronics
uses the sector mark 116 to tinme the begi nning of processing of electric
isignals transduced by the head over data—sectot N[errj A Gay code field
118 follows the sector mark 116. The C?a 118 cont ai ns coded
i nformation thatgd fdiemt €s the track nu !ﬂ“ﬁ“m ctor Ncgigshebesa7
‘located. This information is used to | oc W Csl ak data sector during
‘a seek operation, as described above, by providing a unique identification
ifor each data track on the respective disk surface . The (}ay code field 118
is followed by a fill field 120 to separate 10 the G ay- am t he
remai ni ng servo field informati on conprising a sd ﬁ‘ﬂ§¢stgﬁEN||ng an A
burst 122 and a B burst 124. As illustrated in fipg v

|bursts are arranged to straddl e the centerlind7of|t '[err],

wth the A burst 122 sitioned above the centerline, as shown in the
exanpl e of Figure 3¢ 'dI‘lSr@LBIMﬁIMs 15 124 positioned bel ow t he

{ranst i ons of al terhating nork A for @BRPNHERfrERh pR B Rt TR ddhal i

transitions which resdisk drivechaving stdeast twb eotfatable diskidaerecordihg sutfies, and
transitions of the A bur ts of, he dat a ct err] ar transduced
by a corresponding h%gﬁ“kg’({ Plp}aﬁbggig ok e"y

wi dth of the head 24grkeRefv gemé B@adﬂa&e% tE@‘ié%cheeﬂxsll sﬁﬁace, each
approximately equal to the rad| al ent or wd e sectaor

di scussed, during a ﬂ%MﬂWW@W&M» thweﬂwdommmg g"ec@?ﬁseﬁfed
over storing a plurality of write inhibit threshold value for values

and assigning at least one of the write inhibit
threashold values to each head in the disk drive;

10 . - performing a track following operation to determine position
of a preselected head relative to a preselected data
track;

retrieving a write inhibit threshold value for the preselected
head;

15 comparing the determined head position to the retrieved write

| inhibit threshold value; and

asserting a write inhibit signal upon a predetermined
relationship between the determined head position and
the retrieved write inhibit threshold value.

20 2 The method of claim 1 wherein each head includes a read gap
and a write gap, each write inhibit threshold value being a function of width
dimensions of the read gap and write gap of the respective head.

3. A disk drive comprising: _
at least two disk data recording surfaces for storing
: 25 information;
each date recording surface having a plurality of data tracks;
a set of interactive elements, one per disk surface, each
" interactive element being used to read information



the sector N err] to properly transduce only magnetic transitions of the
sector N err] into corresponding electric signals. If the head 24a-h is
of f-center, the 25 head 24a-h nmay begin to transduce transitions from
data sectors of an adjacent track, resulting—+n—anincorrect data read or

write. During opg,r@sb%oof the disk drive ead 24aplrhisosssdf 2
pair of. A and B bursts, the signals tr %mm mgad 28a-h are
transmitted to the mcroprocessor 35, nd the signals from .
t he WO 96/ 37890

PCT/ US96/ 06847 -13- A burst 122, suns all of the signals fromt rst
124, and subtracts one of the sum values fromthe ot PeRISt SHERT HAS BEEN‘
subtraction result conprising a difference val ue, al aCC(HEangEmo

instructions stored in the ROM 42. Wen the hed& 24a -s—pf-opertyposSi ti on

over the centerline, the difference 5 vaIue_is_zero._Vhen the difference
value is non-zero, that indicates tHeomtand wii¢ information dpf datanteacks ffr a

exanple, if the head 24a-h is conpl f he centerline
shown in figure 3c, the head 24c w ?%%é‘%%‘l?é% d'%?%e{ ransitions of
the A burst 122, but none of t hecdmtev) devicefor pérfd: fﬁﬁn@cbntfdtfuﬁ&i’onsliﬁ the 3k
difference value will equal the sumyof th cimgnstraci:?ﬁ of the burst 122
drive inclu oliowing operatlon,
5 - a memory having a write inhibit threshold value table;
the write inhibit threshold value table storing plurality of a
write inhibit threshold values, at least one of the write
inhibit threashold values being assigned to each
interactive element in the disk drive;
10 - the control device operating during a track following

operation to -determine position' of a preselected
interactive element relative to a preselected data track,
retrieve the write inhibit threshold value for the
preselected interactive element from the write inhibit
15 threshold value table and compare the determined
interactive element position to the retrieved write
inhibit threshold value, and assert a write inhibit signal
upon a predetermined relationship between the
determined interactive element position and the
20 - retrieved write inhibit threshold value.
4, The method of claim 2 wherein the read gap includes an MR
element and is smaller than the write gap. '
5. The apparatus of claim 3 wherein each head includes a read
gap and a write gap, each write inhibit threshold value being a function of
25  width dimensions of the read gap and write gap of the respective head.
6. The apparatus of claim 6 wherein the read gap includes an
MR element and is smaller than the write gap.

i



since the B burst sumw ||l have a zero value. This result signals the

m croprocessor 35 to control the actuator arm 28a-h, via the actuator
lcontrol -40, to nove the head 24a-h toward the centerline, until the

di fference value is again zero. 15 In addition to

i nstructions relwoosmyedpo seek and track foll owi ng servo oper at ipQRAIS96/06847
performed by the m croprocessor 35, the ROM 42 stores instructions relating
to awite inhibit signal. The m croprocessor 35, during perfornmance of
servo track follow ng functions in a witb4operation, wll ascertain,
during an indication of a non-zero difference value, whether the 20

di stance the head is displaced froma track centerline is above a certain

it hreshold value. If it is, the mcroprocessor 35 asserts a wite inhibit
signal to suspend witing of data to the disk surface while the actuator
armis.controlled to nove the head back to a proper position. The threshold
'val ue i s based upon the width of the wite gap relative to track width. So
long as 25 the head wites to a data track and does not wite tQ a region
of an ddjacent data track that is read by a head during a read opegation to
the adj acent data track, the head can continue to wite, even thigg: t he

servo information processed by the m croprocessor 35 indicates apBn-zero

'di fference. The threshold value is a neasurement of how far a he an be

)
/
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-14- displaced froma track centerline before it does overlay a region of
;an adjacent track that is read. The use of a wite inhibit signal mnimzes
disruptions to a wite operation by pernmtting a continuation of the
‘writing of dataygyghsgeh Of f center conditions that do not i npactCTHIENE06847
integrity. 5 As di scussed above, in a conventional disk
~driwe, the threshold value is set at a level that relates to the w dest

. possible width for a wite gap. In the nmargjgacture of any product there is
.a tolerance range. The actual width of the wite gap of a particular head
in a disk drive will be within the tol erance range observed by the head
“manuf acturer. The setting 10 of the wite inhibit threshold at the w dest
end of the tolerance range assures that the wite inhibit signal is always
properly asserted since it termnates a wite operation at an anount of
head di spl acenent where the w dest possible wite gap would overlay a read

regi on of an adjacen rack. ads r wite gap width could
actual4y be furnther displaced 15 before affectijpg data integrity.
However, this ils the shortcom ng of the conventiohal approach. \Wen the

actual w dth dijrensfon of a head 1S Tess than]the] maxi mum of the tol erance
range, the witle inhibit signal |s asserted re pften than necessary to
assure data inflegrity, resultkg&bin an undue funber of disruptions of wite
operations. 20 not ed abgRf, nIJ;

advant age of -

head has the added
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having a read gap that is nuch narrower than the wite gap. Thus, in disk
drives inplenenting MR heads, the wite threshold can be set a higher |evel
since a relatively wide outer region of each track is not within the read
wi dth of the track. The anount of the outer track regi on beyond the read
gap 25 w dth wovesyesi €s from head to head, and can affect tbervsssness?
dinhibit threshold. Indeed, the current manufacturing tol erance range for M
read’gap width is as high as 40% WO 96/§Zﬁ90
PCT/ US96/ 06847 -15- However, when follow ng the conventional wite inhibit
approach, advantage is not taken of read and wite gap widths that are |ess
than the maxi num of the tol erance range. 5 According to the
present invention, an adaptive control is provided for the wite inhibit
signal. In an exenplary enbodi nent of invention, a wite inhibit
threshold table 42a is stored in the Régﬁéz. The table lists a wite
inhibit threshold value for each individyal head of the disk drive. The
value stored for a particular head is baged upon actual 10 measur enent s
of the*read and wite gaps of that head®=When a wite operation is to be

perfornmed, the mcroprgcessor 35. | oo p the threshold
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value for the specific head to be used in the wite operation and uses that
val ue to control assertion of the wite inhibit signal during the wite
operati.on. 15 Figure 4 can be used to explain the adaptive
control features according to the present invention, when used with M
heads. Tracks NygogsAhbp 1 are two adjacent data tracks. The bl oedusosobosse i n
Tracks N and N +1 marked illustrate the positions of the wite wdth and
read width, fromleft to right respectively, of a head having separate
wite and read gaps, 20 when centered gyer the tracks, The distance A
represents the distance a head can go off center froma track during a
wite operation w thout affecting the portion of the adjacent data track
traversed by a read gap during a read at the adjacent track. In other
words, if during a wite to Track N+ 1, the head noves off center with
respect to Track N+ 1,, 25 towards Track N, any transitions falling

within the radial extent of Track Nw Il not affect data integrity so |ong
as the transitions are outside of the radial extent of the read w dth of
Track N. Awite inhibit signal would |y have to be asserted when the

di spl acenent of the head is gésat enou to overlay the read wdth of the
WD 96/ 37890 W PCT/ US96/ 06847
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THE SMALLER THE VALUE @) THE SMALLER
THE WRITE INHIBIT CAN BE SET.
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-16- adj acent track. The present i nventi on-recogni zes that REBLAGEMENT SHEET
di'mensi ons for read and wite ﬁfs vaty form head to_head. Accordingly, a
wri t e % nhi B thin-flne Seas| magnstie 41ap a%reweéha-fémdwee@ comprisig:h ARYNGNE MEANS e ad

cal cundt e giing Handiiendl ol Celb ARl oot 85 Wichnd SkeoRboRidenE b8R8 ' ©

fol | ohdpgieticlax sverpal peﬁh&blmaﬂéﬁhlq)aﬂﬁmuéhﬂbe transdbéing hreasydndi Haviegtfireandi n
pseudo code, for the track follgowi ng and wite inhibit operation of a disk
dri ve speand polectips reRpeghyey the thig-fifm h@adt@alacﬁﬁﬂé%dell’kct ed data track: 1. begin
track foll
cai oul ate At 2 sectnd BRATHE EadABUn R enEhHER Berf AP ANCsGER! e
di fference val uaurfacesaespettivelyoand secdndrenids which aré mtegrﬂ\xﬁtlwh'e rémainder f the
threshold fromtable 42a for the head beipng used to wi
ii. conpare dlﬁfﬁteaf“ér%@f\iiaﬂ%m@%?strﬁsrpé%tw&% at/lgpsg one pf ﬂneﬁﬁcéwnéﬁé@ hayingea i s
greater than thr 0, t

?3& 4e9n&r°af ?{g rg) \ﬁL Hitlﬂgtcxt'd%k-g&?onal sﬂgﬁﬁ &ts'r8 r?% ftnIe first

di fference value ' I'S TEéssS ate ‘a ransm t
control signal fed, theshaye dffae ldaﬁaihe 02 Ehe pole tip surfaces created by removing material

in a direction out of the plane of the surface of the pole tips; and

interface material surrounding the pole tips to form an interface surface which includes the
first and second pole tip surfaces, the interface surface having a smooth
topography, the interface material including fill material added aéer material was
removed to shape a pole tip, the fill material deposited over a deposit area, the
deposit area larger than the area where material was removed during the shaping

of the pole tip.

2. The thin-film head of claim 1 wherein the shape of at least one of the pole tip surfaces is
produced by applying a mask of the shape near the surface of the pole tip before removing

material to shape the pole.

3. The thin-film head of claim 2 wherein the fill material is deposited on top of the mask used

to shape the pole tip.

4, The thin film head of claim 1 wherein the deposit area is defined by a fill mask exposing
the area where material was removed during the shaping of the pole tip and exposing a portion of

a surface surrounding the area where material was removed.

5. The thin film head of claim 4 wherein the fill mask is removed before removing fill material

over the pole tip surfaces.
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-17- WHAT IS CLAIMED IS: 1. " A method for controlli nJVEREAGEMENT SHEETa
wite inhibit signal in a disk drlve"havm]gaat | east two rotatable disk

dat d £ : h head

bt ng Srounte et SBRycfe il AR Aead SnsaRErs LTBEPRT SRPREEE *t ne nead over
the res peCtdeﬁ@slﬁirlgséﬁdséiéﬁlﬁg?ﬁateﬁﬁﬁrbncﬂ xﬁ&feﬁﬂérére&@a Ipnﬁémyl bﬂpar@lalttamtﬁlaﬂ{@ads the
nmet hod conprising the ste storing a plura wite inhib

t hreshol d outtinggowsod pa@siptym ﬁlgl heads &amthomfemf the Iaet XOMstexposig wptkmg

t hreashol d val ueskft %I g {lué{ahe di sk drive; 10

perforning a tralk*s a&\?ﬁﬁﬁ f®h to deternine position of a

presel ect e%ﬂﬁﬂg t}Eéat'hﬁfLﬁer?héaGs fo ﬂfa?ﬁﬁ'v?&kﬁg sOffhces Taf@éﬁbstaﬁt?é]lﬂr ¥ cHfmBnW i t e
inhibit threshol'd value for the presel ected head,

conparing the deplmem ned head position to the retrl eved wite inhibit

t hreshol d val ue; serting.a | t nhi.bi t si redet erm ned
rel ati onshlrﬁmﬁé‘flﬁéaﬁ"tﬁiBo’a'@f’égfﬁ‘fBﬁdv g‘&% s%’%qettp&ﬁglg dﬁﬁ%‘gﬁgf‘%’bﬁ?@&s ite
i nhi bit threshol g4adsif the partial thin-film heads; '

masking an area surrounding the exposed surfaces and portions of the working surface

proximate the exposed surfaces;
depositing a fill material on the exposed surfaces; and
removing portions of the fill material to form a smooth interface surface having pole tip

surfaces.

7. The method of claim 8 further comprising masking the working surface before removing
selected portions of the working surface, the masking creating masked areas covered by masking
material and unmasked areas not covered by masking material, the unmasked areas defining the
selected portions of the working surface removed to form the exposed surfaces, and removing the

masking after the exposdd surfaces are created. .
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20 2. 7 . " The net thod of claim 1 wherein each head i ncl u%gsﬂﬁf’ead
gap and awite gap each wite inhibit threshold val ue [

Rt 111 14 oI . 7

storing 25 * information; each data record| ng surface
having a plurality of data _t racks; a set. of +1fkeractive el enkn s 0 DrJlpiees
di sk surface, each interactive el enent being used to read in nmat i on

-18- from and WWHAT IS TChAIMED IS: data tracks of a respecftive one of the

di sk surfaces; a control device for perform ng control functi-ers—in the

)

di sk drive inclddi ng a track methadfomconrollingasseation=of a write inhibit sxglal in
“menory having a i,nhi_bit thr shol d vaI ue bI.e he .vvrl i nhi
"threshol d val ueacgbq&‘ed@ ‘j rfiﬁ iHecp ’Qgtﬁﬂ aces, and

val ues, at |east '

"to each inter act? gg&gﬁéﬁgﬁﬁh%&#ﬁyg%ﬁ gé&?ﬁg%%ﬁ\fﬁﬁ 'llﬁéuﬁ@d@y ﬁﬁ%&ﬁ&ﬂ)y

5 for selective positioning of the head over the respective disk surface, each
disk surface including data tracks, the method comprising the steps of:

storing a plurality of write inhibit threshold _

and assigning at least ome of the write inhibit-

threashold values to each head in the disk drive;
10 performing a track following operation to determine position

of a preselected head relative to a preselected data

track; o _ _
retrieving a write inhibit threshold value for the preselected
head; '

15 ' coxriparing the determined head position to the retrieved write

inhibit threshold value; and

asserting a write inhibit signal upon a predétermined
relationship between the determined head position and
the retrieved write inhibit thfeshold value.

20 2 ' The method of claim 1 wherein each head includes a read gap
and a write gap, each write inhibit threshold value being a function of width
dimensions of the read gap and write gap of the respective head.

3. A disk drive comprising:
at least two disk data recording surfaces for storing
25 in_iormation; |

each data recording surface having a plurality of data tracks;

a set of interactive elements, one per disk surface, each

interactive element being used to read information

values



10 o . ‘the control “device operating during a track f[R

qo:peratlon to determ ne sel ect ed mteraREp d
relative to a presel ectgl'mmﬂrloﬁumﬂl trieve ‘the wite Tnhi
value for the preselected 1ateraoti se e errent fromthe wite i
threshol d val ue table and conpare the determnmyged. interactive ¢

position to the retrieved wite inhi'bit threshol d val ue, and B

i nhi bit signal upon a predet erm ﬁ?m ;Bat '\%[}tsch'ﬁfBMSH ttge

i nteractive el enent posit | on and

inhibit threshold val ue. ) cﬁ dﬂ'ﬁ}Bf% fdlﬂ& gﬁﬁagegmerel n the read
er

gap i ncludes an MR el ement and |s e wite gap. 5.

The disk drive of claim 3 wheonirol devive fordperforining wmmnonsdnahordisk

gap, .each wite inhibit threshold value being a function of w dth
di mensi ons of the read gap and wdrive ipcluding iantrack following opesation; and

e Kot Bt e o ogacintry Bavhiy's il LS ERedbolfVaiud Tble: ™
the w_ﬁtc_ inhibit threshold value table storing plurality of a
- write inhibit threshold values, at least one of the write
inhibit threashold values being . assigned 1o each
interactive element in the disk drive;

— 10 the control device operating during a track following
operation to determine position of a- preselected
interactive element relative to a preselected data track,
retrieve the write inhibit threshold value for the
preselected interactive element from the write inhibit

15 ‘threshotd vé.lue table and compare the determined
_interactive element position to the retrieved write
'inhibit threshold value, and assert a write inhibit signal
upon a predetermined relationship between the
determined interactive  element positio'n and the
~ 20 | retrieved write inhibit threshold value. |
4. The method of claim 2 wherein the read gap includes an MR
element and is smaller than the write gap. |

5. The disk drive of claim 3 wherein each head includes a
read gap and a write gap, each write inhibit threshold value being a
function of width dimensions of the read gap and write gap of the

respective head.

6. - The disk drive of claim 5 wherein the read gap inclu.des an

'MR element and is smaller than the write gap.



