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During operation, the disc continually rotates, creating an air current
that interacts wth an air-bearing surface on the head, thereby causing
the head to literally float at a small elevation (referred to as a "fly
hei ght") over the surface of the disc. For exanple, a head may float on
the order of .35 mcroinches above the surface of a disc, while the disc
rotates. 25 The el evation at which a head floats above a disc is an

i nportant variable that influences the operation of the recording and
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The storage medium for a disc drive is a flat, circular disc capable of retaining

15  localized magnetic fields. The data that are stored upon the disc find physical
representation through these localized magnetic fields. The data are arranged on the disc
in concentric, circular paths known as "tracks." The localized magnetic fields can be
detected by a magnetically sensitive head when they are brought in close proximity to the
head.

20 During operation, the disc continually rotates, creating an air current that interacts
with an air-bearing surface on the head, thereby causing the head to literally float at a
small elevation (referred to as a "fly height") over the surface of the disc. For example, a
head may float on the order of .35 microinches above the surface of a disc, while the disc
rotates.

25 The elevation at which a head floats above a disc is an important variable that
influences the operation of the recording and detection circuitry of a disc drive. The
recording circuitry must produce a recording signal (flux field) of sufficient magnetic
intensity to saturate the media and write a recoverable signal when read, given the
elevation of the head (the greater the span of space between the write head and the disc,

30 the greater the magnetic field required for saturation during writing). Similarly, the
detection circuitry must amplify the signals recovered from the disc by a gain factor

sufficient to permit detection, given the elevation of the head (the greater the span of



Occasionally, a particle of matter interrupts the normal air current that
causes a head to float above the disc, thus causing the head to
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The occurrences of low-amplitude-write/skip-write events are inimical to the goal
20  of efficient data recording and recovery for at least two reasons. First, if the intensity of
the signal recorded upon the disc is less than expected by the detection circuitry, the
detection circuitry may be initially unable to read the signal. As a consequence, the disc
drive will invoke several re-read algorithms in an attempt to recover the data—a costly
proposition with respect to time. Secondly, if the intensity of the recorded signal is
25  sufficiently weak, the signal may be utterly irrecoverable, regardless of the re-reading
measures taken by the disc drive.

Because of the detrimental effects of low-amplitude-write/skip-write events, there
exists a need to detect their occurrence. A desirable characteristic of a low-amplitude-
write/skip-write event detection scheme is the requirement of no additional hardware

30  (thus resulting in no additional manufacturing expense). Additionally, a desirable
solution would consume minimal printed circuit board space, and would require minimal

additional hardware debugging.



2 WD 02/097809 _ PCT/US02/07128 Summary of the Invention Against this
backdrop the present invention has been devel oped. A nethod for detecting
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characterizing the gain of a variable gain amplifier enbedded in the read
path of a disc drive during at |least two instances in which the read head
passes over a servo sector, prior to a wite event. Next, the wite event
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carry out the steps scri bed above. 20 According to yet another aspect of
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| ow- anplitude-wite/skip-wite event. A disc drive so configured may
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system connected tqQ a host for the disc drive of FIG 1. 30 FIG, 3 depicts
a headst r amglfiergeesiess asignahEam the irad bead yul apuls g pigpal of approximately

constant amplitude. The gain of the variable gain amplifier is controlled by a control
signal generated by a gain controller. Finally, a microprocessor is operably coupled to the
gain controller, such that the microprocessor has access to a digital representation of the
control signal. The microprocessor is programmed to carry out the steps described above.

20 According to yet another aspect of the invention, a disc drive may be configured
and arranged to detect a low-amplitude-write/skip-write event. A disc drive so configured
may include a disc for magnetically storing data and a means for detecting a low-

amplitude-write/skip-write event.

25 Brief Description of the Drawings

FIG. 1 is a schematic representation of a disc drive in accordance with a preferred
embodiment of the invention.

FIG. 2 illustrates a disc drive system connected to a host for the disc drive of FIG

30 FIG. 3 depicts a head traveling over a linearized portion of a track.



3 WO 02/097809 PCT/US02/07128 FIG 4 depicts the m croprocessor within the
disc drive and a read channel application specific integrated circuit, in
accor dancwovatob7some enbodi nent of the invention. FIG 5 demuwsoasequence
of acts that may be executed by the m croprocessor 5 within the disc drive,
to both detect and react to a | owanplitude-wite/skip-wite event.
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Whenever the disc drive of the present invention attempts to read data from the
disc—including instances in which it is attempting to read servo data during execution of
a write command—a variable gain amplifier is used to receive the signal detected by the
20  read head and amplify the signal to yield an output signal with an approximately constant
amplitude. If the signal from the head is relatively weak, the variable gain amplifier must
perform a relatively strong amplification operation. Conversely, if the signal is relatively
strong, the amplification operation is relatively weak.
Servo sectors are written during manufacture of the disc drive, and thus are of
25  approximate constant magnetic intensity. Consequently, any variance in the gain factor
employed by the aforementioned variable gain amplifier during detection of a servo sector
is the result of variance in the elevation of the head. If the gain factor employed by the
variable gain amplifier during detection of a servo sector is relatively high, it is an
indication that the head was at a relatively high elevation over the surface of the disc as it
30  passed over the servo sector. Similarly, if the gain factor employed by the variable gain
amplifier during detection of a servo sector is relatively low, it is an indication that the

head was at a relatively low elevation over the surface of the disc as it passed over the



30 passed over the servo sector. Simlarly, if the gain factor enpl oyed by

the variable gain anplifier during detection of a servo sector is
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to FIGs. 4 and 5 relate to exenplary enbodi nents of the present invention.
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forman internal, sea or t disc drive in a conventional
manner . Theigho ipdestBirigthe pedserdénvaentpn. nEinellyyohedisciB§omhdlating todli@s.elsandrde or
nore discs 108 at a constant high speed. Information is witten to and read
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alr curregtsc drive in a conventional 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
20  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 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
25  corresponding surface of the associated disc 108. As discussed earlier, an air current
created by the rotation of the disc 108 interacts with the air-bearing surface to provide the
lifting force that permits the head 118 to float. Because the velocity of the disc 108 is
greater at the outer diameter than at the inner diameter, a greater air current is generated
over regions of the disc located toward the outer diameter, and the head 118 typically
30 floats at a higher elevation than it does when it is located toward the inner diameter.
The 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 actuator assembly 110, as



created by the rotation of the disc 108 interacts with the air-bearing
surface to provide the lifting force that permts the head 118 to fl oat.
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operation and for amplifying read signals generated by the heads 118 during a read
operation. The flex assembly terminates at a flex connector 134 for communication
20  through the base deck 102 to a disc drive printed circuit board (not shown) mounted to the
bottom side of the disc drive 100. The connector 134 is held by a bracket to the bottom
side of the disc drive 100.
The disc drive 100 is shown in FIG. 2 to be operably connected to a host computer
140 in which the disc drive 100 is mounted in a conventional manner. Control
25  communication paths are provided between the host computer 140 and a disc drive
microprocessor 142, the microprocessor 142 generally providing top level communication
and control for the disc drive 100 in conjunction with programming for the
microprocessor 142 stored in microprocessor memory (MEM) 143. The MEM 143 can
include random access memory (RAM), read only memory (ROM) and other sources of
30  resident memory for the microprocessor 142.

The discs 108 are rotated at a constant high speed by a spindle control circuit 148,
which typically electrically commutates the spindle motor 106 (FIG. 1) through the use of
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decodi ng, ostputsrtheieatriesed datadn thecivterfaes 148nfon peisequeshisansivg to Hipthost eomuder
retrieved t o the interface,144_ for suhsequent .transf.er to the, host
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art and are?axﬁbl%,ci‘ds@.gdl’atflq?_. 5,8276667 Bsuell Marl)4519928tb - ShGer pal2 76, 662 i ssued Jan.

4, 1994 to Shaver et al. 15 FIG 3 depicts a head 324 traveling over a
| i neariszed por FIG3 dépicts b haak320Mavating oxariantearided pogiaqphif.a ek 30Arh of t he
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track 300 is shown in profile and has a structure characterized by each servo sector 302
and 314 being followed by two data sectors 306, 310, 318, 322. Small gaps 304, 308,
312, 316, 320 separate each of the sectors 302, 306, 310, 314, 318, 322. As can be seen

20 from FIG. 3, the head 324 typically floats at a low elevation as it travels over the disc.
However, interaction with a contaminant particle 326 may cause the head 324 to
momentarily soar to a greater elevation before returning to its ordinary elevation. For
example, in the scenario presented in FIG. 3, as the head 324 nears the edge of data sector
306, it encounters the particle 326 and soars at an abnormally elevated height over data

25 sector 310 and servo sector 314. If this event were to have occurred during the course of
executing a write command, the data written in data sector 310 would have been recorded
with abnormally weak magnetic intensity, because the head 324 would not have been as
close to the disc as anticipated by the recording circuitry. Thus, FIG. 3 depicts a low-
amplitude-write/skip-write event.

30 FIG. 4 depicts a microprocessor 142 within a disc drive and a read channel
application specific integrated circuit (ASIC) 400, which is a constituent of a read channel

148 (depicted in FIG. 1). As can be seen from FIG. 4, a head 402 is coupled, either
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The gain controller 410 performs the function of an analog-to-digital convertor, producing

a digital value as its output. Accordingly, the output of the gain controller 410 is readable
20 by the microprocessor 142, as well as by the variable gain amplifier 404.
As described earlier, because the velocity of the disc 108 is greater at the outer
diameter than at the inner diameter, a greater air current is generated over regions of the
disc located toward the outer diameter. Therefore, the head 402 typically floats at a
higher elevation at the outer diameter of the disc than it does when it is located toward the
25  inner diameter. Consequently, the variable gain amplifier 404 tends to employ a greater
gain factor when the head is located over regions of the disc toward the outer diameter
and vice versa. To account for the range of gain factors to be employed by the variable
gain amplifier 404, the gain controller 410 may be calibrated so that the midpoint of its
range of outputted control signals corresponds to the gain factor to be employed by the
30 variable gain amplifier 404 when the head 402 is half-way between the inner and outer
diameter of the disc 108.



(such as duty cycle, frequency or anplitude) that varies approximately
linearly with the 15 difference between its two inputs. The output of the
anpl i t udewoanparsa¢ or 408 is supplied to the gain control | @CTAR02/0m28 ch, as
mentioned earlier, controls the gain factor of the variable gain anplifier
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in communi cation. The read channel ASIC 400 transfers servo data to the

i cr opr oc éplgmented as Hisereterirqpiinmesonentpeas sibaiicytys ehan ARG opy Geewasr 142
to ensure _that the head %02 ris on a proper course while reading or 5
witing i SUARg ?fbaglll%{%r.o Re"“read channel ASIC 400 conmunicates to the
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information, servo data (read froma servo sector) and the value of the
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compensates for the fact that the read head 324 is relatively far from the disc, meaning
that the signal yielded by the read head 324 is weak, thereby requiring greater
20 amplification. The microprocessor 142, which receives the servo data from the servo
sector 314 also receives the control signal used by the variable gain amplifier 404 while it
acquired the servo data from the servo sector 314. Thus, by observing the relatively high
control signal, the microprocessor 142 is able to determine that a low-amplitude-
write/skip-write event occurred.

25 One skilled in the art recognizes that any signal along the feedback loop created by
the amplitude comparator 408 and the gain controller 410 may be used as a proxy for
determining fly height. The outputs of the amplitude comparator 408 and the gain
controller 410 are "read-back control signals." A read-back control signal is a signal that
contains information proportional to the strength of the signal read by the disc drive. The

30  gain value employed by the variable gain amplifier 404, for example, is a read-back
control signal. Alternatively, the read signal itself, or a time-averaged amplitude thereof,

may be a read-back control signal. A read-back control signal may be used in accordance



conparator 408, the gain controller 410, and the register 412 may be wholly
or partially inplenented as discrete circuitry conponents, as subcircuits
of an ASIWOm9me9firmvare running on a m croprocessor. Remwsoz/nm280 a

di scussion of FIG 3 in light of FIG 4, it can be reasoned from 15
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i rregul ar ivirite/slip-viite @bt osbated. t he | ow-anplitude-wite/skip-wite detection
strategy, a disc drive first determ nes the gain factor expected to be
used By the vaFl@bd depjets a seqyshée ofeactsabat nagy besexepited by thequergpracsesor ddr
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of As can be seen from FIG. 5, the method begins with operation 500, in which a DELTA
value is set to an empirically determined constant. The DELTA value is a numerical
quantity, which defines the amount by which the control signal may deviate from an
20  expected value of the control signal without indicating the occurrence of a low-amplitude-
write/skip-write event. Stated another way, if the control signal deviates from the
expected value of the control signal by more than the DELTA value, a low-amplitude-
write/skip-write event is indicated. Next, in operations 502 and 504 control signal values
used to control the variable gain amplifier during reading of two servo sectors prior to the
25  execution of a write command are acquired (these two control signal values are referred to
as VGAS; and VGAS;). Next, in operation 506, the average of the two control signal
values is found. This average represents the expected value of the control signal value,
the value that should be returned if the head passes over a servo sector at its typical
elevation. In operation 507, the write command is executed. After writing to one or more
30 data sectors immediately preceding a servo sector, data from the servo sector is acquired
(in operation 508), including the control signal value used to control the variable gain

amplifier during reading of the servo sector. Next, in query operation 510, the control
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I n operati _ e conmmand TS execute to one or
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servo sector is acquired (in operation 508), i1ncluding the control signal
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val ue determ ned in operation 5 o )
consecutive sectors is likely to result in the detection circuitry being unable to read the

data without employing read re-try algorithms. The DELTA value may be set to
20  correspond with that empirically determined value.

In summary, a method for detecting and responding to a low-amplitude-write/skip-
write event may be executed by characterizing the gain of a variable gain amplifier
embedded in the read path during at least two instances in which the read head passes
over a servo sector, prior to a write event (such as in operations 502, 504, and 506). Next

25  the write event is executed (such as in operation 507). After the write event, the gain
factor employed by the variable gain amplifier is acquired as the read head passes over the
following servo sector. Finally, the acquired gain factor is compared to the sum of the
characterization in order to detect a low-amplitude-write/skip-write event (such as in
operation 510).

30 The process of characterizing the at least two instances in which the read head
passed over a servo sector prior to the write event may involve storing a first gain factor

employed by the variable gain amplifier as the read head passes over a first servo sector
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If this inquiry is negative, a |low anplitude-wite/skip-wite event has not
occurred, and control is returned to operation 502. If, on the other hand,
this i nquwioyzios7sad firmati ve, then 5 a | ow anplitude-w it e/pshiygsomniite event
is determ ned to have occurred, and control is passed to operation 512,
where the user data is rewitten to the data sectors preceding the servo
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operation 507). e even
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follow ng servo sector. Finally, the acquired gain factor is conpared to

t he suf ofmaytiavolehbeharingrais thavigh the iriigreyent hag beent determined to be off-track (such

| ow anpl i tude-wri te/rﬁ% p-wite event (such as in operation 510). 30 The
process ofS UhMEMBA2'ng the at |east two instances in which the read head

PSSR Y, 5 TEIOUMRCHE PELSTI A0 IS et IRl B 2
passes ovewritaevéntsA digrdrovesecbofigured may include a disc (such as 108) for magnetically
storing data. A read head (such as 118 or 402) is used to read data from the disc (such as
20 108). A variable gain amplifier (such as 404) is operably coupled to the read head (such
as 118 or 402); the variable gain amplifier (such as 404) receives a signal from the read
head (such as 118 or 402) and outputs a signal of approximately constant amplitude. The
gain of the variable gain amplifier (such as 404) is controlled by a control signal generated
by a gain controller (such as 410). Finally, a microprocessor (such as 142) is operably
25  coupled to the gain controller (such as 410), such that the microprocessor (such as 142)
has access to a digital representation of the control signal. The microprocessor (such as
142) is programmed to carry out the steps summarized in the above passages.
According to another embodiment of the invention, a disc drive may be configured
and arranged to detect a low-amplitude-write/skip-write event. A disc drive so configured
30  may include a disc (such as 108) for magnetically storing data and a means for detecting a
low-amplitude-write/skip-write event (such as 404, 410, and 142). Optionally, this

embodiment of the invention may include a means for responding to a low-amplitude-
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11 WO 02/097809 PCT/US02/07128 (such as in operation 502). Additionally, a
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det er m nehayandleded inensgfokddiaudhing &owi far abpee dicl dist thd Ajad hdadi(sach alr 118ormay be
configured and arranged to detect a | owanplitude-wjte/skip-. wite event.
A disc dr A0 is8s hsreddfirad assas OYeR @ISerYe secter 1erngdigiely following p wyige event

magnet.j cal [ t . - - ' o]
ead dic a b g PRk a8 R 3, @Rl RGLRUE D nBngil oBinp MG 36 U
as 404) i sheafi&y thbksadarupivasiwhen thideeddaadd bared osdtasenasedtdBinahedifid)y, t he
variable gain anplifier (such as 404) receives a signal fromthe read head
(such as Tal®wing feritgedens ieiguirow fer gbejiehe disc Hispeakhsedvsnallydsasthgaead
anpl i tude, The ain of the variable in anplifier (such as 404) is
control | eaeﬁcpaﬁseg(ﬁ)ﬁfz?%fer‘é? s (sdlgﬁéf‘ A@d by a gain controller (such as
410) . Finally, 1@yill bef Q& @6 BePresehtilertion 14k h8aftdbloadtaih tRS efdiiplied to the
gain.controller (such as 410), such that the m croprocessor (such as 142)

has ad6essdyantagesiingntiericdras e thase irdwerent therpen.c Wi le ¢l presenihn preferred

m croprocessor. (such as .142) | rogramed to carry out the steps
sunmari z eanﬁ%ﬂd‘fr@é‘%lﬁﬁpl??gn Bg@gﬁ@%ﬁor %}5\_@’%8‘?5%5 figcféﬁlgf HEPOSEEREERTY of t he
i nventi onm@iflafibndhhy Be FRYe WRich@RS el k@tin the scope of the present invention. For

example, a statistical measure other than an average (such as a median or a weighted

average) may be used to arrive at an expected value of a control signal value used during

20  reading of a servo sector. Additionally, a set of more than two previous control signal
values may be characterized for the purpose of determining the expected value of the
control signal. 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.

25
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and arranged to detect a |owanplitude-wite/skip-wite event. A disc drive
so configured 30 may include a disc (such as 108) for magnetically storing
dat a and womeanmsos or detecting a |ow anplitude-wite/ski powisheoreent
(such as 404, 410, and 142). Optionally, this enbodi nent of the invention
may include a neans for responding to a | ow anplitude- 12 WD 02/097809

PCT/ US02/ 07128 wite/skip-wite evenglsigych as 142). The neans for
respondi ng may include a nmeans for rEeperformng the wite event (such as
142). Al t &Vimdts claimed is:he neans for responding may include a neans for
behaving in the sane manner as if the wite event had been determned to be
off-track (such as 142). 5 The neans for detecting the

| ow-anpl i tude-writ eéASJﬁbmbworH&e&}f%%t@weguw{twﬁl 2disERANS hiihg A8iseRiihni Ny
how far above the disc a read head (such as 118 or 402) usual%y is as the
read head opassmsreodaty seatosesitateddetvoren Consshutas s¢0d, sedtd s, amhbavimg?) variable
Additionally, it.. may include means r determ_.ni ng how far ahove the

di sc the RBRGHUKIT [SSE¥MEASENPE frgm a%égea}dsaﬁ?nt%gmﬂg‘é@gﬁegé‘@ %%@gy& over a

SErvo Secrb?{n 'cgﬂﬁaieﬁtb?/! ayncoﬁuggieﬁéilﬂ,gh@m\é‘fﬂoh%oﬁl B%hg IRpé spich as 404, 410, and

142). Fina It may’inc means for conparing how far above the disc
t he read head vhsastkéring the costrol shemtldypamsa deasttevo iastsmrey duseg wbichitheredi at el y
following the wite event with how far above the disc the read head usually
i s as theT7addWad RRSEEP (Y453 STV TRAIOTAPRYO 3 WHECST Y such as 142). It will be
cl ear .that the i LOn is well adapted to attain the ends and 15
advantlgges nente?%)cﬁggga}g vve‘l%l%grg those inherent therein. Wile a presently
preferred enbadjuitng theasnibaaipndbsche bad htat passesposes falowihg srd sctoosur e,
vari ous changes and nodifications my be made which are well within the
scope of ©HE hedddneventivaBAti on. For exanple, a statistical measure ot her

arrive ot an oepaatite 2Ry TEd Ry Bat AL ERa AYEORELUTRTE G 1 ©

readi ng ofin ardeetovdetezes Weite irgdiatityonal | y, a set of nore than two previous
control signal values may be characterized for the purpose of determ ning
t he eXdpected value of the control signal. Nunerous other changes may be

made which will, readil . th | (E'I g .the art and
whi ch are encor%passe eh@?@%@k% 1t’ Wé?%t“?\@% c}:l%r\z}éetgﬁ?lgﬁ Pgéﬁ% géeéél and as
defined in thesppRgAdRst digitdl Mpresentation of the control signal as the read head passes
over a first servo sector;
storing a second digital representation of the control signal as the read head passes

20  over a second servo sector; and

obtaining an average of the first and second stored representations of the control

signal.

3. The method of claim 2, wherein the comparing step comprises:
25 finding the difference between the acquired control signal and the average of the
first and second stored representations of the control signal;
comparing the difference against a threshold; and
declaring that a write irregularity has occurred, if the difference exceeds the
threshold.
30
4. The method of claim 3, wherein the threshold corresponds to a change in

magnetic intensity of recorded data, invoking one or more read retry algorithms.

14



25 13 WD 02/ 097809 _ PCT/US02/07128 dCains Wat is clained is: 1. A
nmet hod of detecting wite irregularities in a disc drive having a disc with
5 one or wore/dmba sectors situated between consecutive secaosseoliess, and
having a variable gain anplifier receiving a signal froma read head, a
gain of the variable gain anplifier being controlled by a control signal,
the nmethod conprising steps of. characterizing the control signal during at
| east two instances during which the read head passes over a servo sector,
prior to a wite ev@hemell®dofsbimidnyhetem theimethasvarther coppuises agjep hE cont rol
signal as the reaglf head passes over ﬁl fo%l.owiqr)\? .Servo sect‘dor, after the
wite event:; afPeHBHBERIMGVERS S iR LY HEREANYNgR 8PS Yt he
characterization of the control signal in order to detect a wite
irregularity. 15 2. The nmethod of claim 1, wherein the characterizing step
conpri ses: st 6ri ngThe fietlsid afictpimall, whepirethe mesliddofurtbér doneprisesa step o&i gnal as
the read head passes ver a first servo sector; .stori a second digital
represent at i oncg Ing fia o 6{?{4‘6?”&9“@%@11%’9“11%@1%"&%@ q%arﬂggggg%asmccggg& a
second servo sector; and obtaining an average of the first and second
stored representations of the control signal. 3. The nethod of claim 2,
wher ei n the coffpari Age steipdodcuimde sshe2in the edmparingheeédmmprsesice bet ween t he
acquired contraql signhal. _and the average of the firs sgcond. st.ored
representation lnémgg]i*f“edlgngF% et%’F"dh‘élF,gC%‘??ﬂ&PPﬁ‘i‘bl sﬁ%ﬁ’é"} @?&‘SFE‘?{E“&G Phst a
t hreshpl dir R HEG Qa9 that a wite irregularity has occurred, if the
di fference exceeds the’ threshol d.

comparing the difference against a threshold; and

declaring that a write irregularity has occurred, if the difference exceeds the

threshold.

15 8. The method of claim 7, wherein the threshold corresponds to a of change

in magnetic intensity of recorded data, invoking one or more read retry algorithms.

9. The method of claim 1, wherein the method further comprises a step of:
reperforming the write event, if the write irregularity has occurred.

20
10.  The method of claim 1, wherein the method further comprises a step of:

calling an off-track correction function, if the write irregularity has occurred.

15



30 4. The nethod of claim3, wherein the threshold corresponds to a change
in magnetic intensity of recorded data, invoking one or nore read retry

al gori t hrwo 02498 02/ 097809 PCT/ US02/ 07128 5. The met hod pafr/ushzommest,
wherein the nethod further conprises a step of: reperformng the wite
event, if the wite irregularity has occurred. 5 6. The nethod of claim 4,
wherei n the netihod fAldkbefveesipriss@s a step of. calling an off-track
correction function, if the wite irregularity event has occurred. 7. The
met hod of cl ai mdisc fahmagneticelhestenngpdats HponstasMere dpiaisseiars sitiafed hefwepe

di fference bet\/\{een t he acquired control signal and the characterization 10
of the cor‘ff’?%lcué‘fegﬁﬁo;se&%a?pari ng the difference against a threshold; and

decl aring that ;ges hda@ fbr re8diHS adith tonhds daecurred, if the difference exceeds
the threshold. 15 8. The nethod of claim 7, wherein the threshold

corresponds t o awvaohbleigamgenplifier apeyaldy icouriled wrib¢ repd bead for spcgbidngiasignal
i Ki d ret |gorithns., 9.. T t f clai ,
wher ei n°t HETHBnEE feape Re e s Bl wPeadirel BrmReprEalvt oy A RaMRr ¢ o

event, if gthgi:wite irregularity has occurred. 20 10. The nethod of claim
1, wherein the nethod further conprises a step of: calling an off-track
correction funatgaongonirbllerapevabiy eouptaddg theararialleigam amaplifier ot gendraingg the

02/ 097809 PCT/US02/07128 11. A disc drive conprising: a disc for

magnet i cal’PYYSERHg data in one or rnore data sectors situated between

conseqgytive senvpiciRrdlidr ofehibigoifadid ME ghidddhtdidatha nliE@PrdcBRoMi SC; S5 a
vari able gain anplifier operably coupled to the read head for receiving a

signal f hevinghecesetch digial repragentpsion of fhetchetrelaigrabltee wairoprapgskorfiegrg bei ng
controll e%rcl)o ar%m%g% r ol
characterize the control signal during at least two instances during which
the read head passes over a servo sector;
15 execute a write event;
acquire the control signal as the read head passes over the following servo
sector, after the write event; and
compare the acquired control signal to the characterization of the control
signal in order to detect a write irregularity.
20
12.  The disc drive of claim 11, wherein the microprocessor is programmed to
characterize the control signal by:
storing a first digital representation of the control signal as the read head passes
over a first servo sector;
25 " storing a second digital representation of the control signél as the read head passes
over a second servo sector; and

obtaining an average of the first and second stored representations of the control

signal.

30 13.  The disc drive of claim 11, wherein the microprocessor is programmed to
compare the acquired control signal to the characterization of the control signal by:

finding a difference between the acquired control signal and an average of a first

16



signal; a gain controller operably coupled to the variable gain anplifier
for generating the control signal; 10 a m croprocessor operably coupled to
t he gai n woroetsoer, the m croprocessor having access topaTdisge/oabLs
representation of the control signal, the m croprocessor being programed
to characterize the control signal during at |east two instances during

whi ch  t hgpd 624nMeRLINBHEtABof BhesRUB] S@101; 15 execute a wite event;
acquire the control sighal as the read head passes over the follow ng servo
sector, after thepwming hediffanenceagangartpreskoldiendacquired control signal to

the characterization of the control. .signal in_.ord t o detec wite
irregularity. éﬁdiri‘.lg Ak? Hpgecm&g'iﬂegty&’fasgfcé’irrrﬁdilf%’%ﬁéfflgflﬁe Pif&e 'tﬁ? opr ocessor
is progranmmeghol® characterize the control signal by: storing a first
digital representation of the control signal as the read head passes over
a first servo sector; 25 storing a second digital representation of the
control signal .as t read _head passes , over. a second ser.v ector; and
obt ai ni ng an a\}gr age PeHIse V?PP 1 ig’ ‘gléeéﬁﬂ(ﬁhes?lgf%o?eéfﬁr&g‘ﬁﬁlﬁfi ons of the
control zir(%@ﬁhme@%:B. The disc drive of claim11l, wherein the
m croprocessor 1s progranmed to conpare the acquired control signal to the
char act eri zat i oepedbrrhitiee watetaveht, Hithmatitdayregultiitydiamgcaurgidf f er ence bet ween
the acquired control signal and an average of a first 16 WD 02/ 097809
PCT/ US02/ 07128 and second stored representation of the control signal;
conparhng the differgoafcwidt BBLafn i BIwRahdhe AMGoS6&sS0riifturigat a write
irregularity has occurred, I1f the difference exceeds the

programmed to:

call an off-track correction function, if the write irregularity has occurred.
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threshold. 5 14. The disc drive of claim 13, wherein the m croprocessor is
further programed to: reperformthe wite event, if the wite

i rregul arwoy2bamooccurred. 10 15. The disc drive of clai mpt3/usetveries n t he
m croprocessor is further programmed to: call an off-track correction
function, if the wite irregularity has occurred. 17 W 02/097809

PCT/ US02/ 071281616. aAdisd &SveioniRisi@nPri sing: a disc for magnetically
storing data in one or nore data sectors between consecutive servo
sectors; and aadisarfer hegnetiealbcitoning dataun; ane or nmosgddta seaters Befweay a wite
operation to the disc. 5 17. The disc drive of claim 16, wherein the nmeans
for detecPPIECUNVRSFIVE se5tP1sei arity conprises: a means for deternining a

nom nal di stange,digt Y&%&e@tiﬁ%@@ﬁ@iﬁ@g@l@ﬁtﬁu@iﬁ?% wiitd bb&@fen #5the ARcr ead head
passes over a servo sector; 10 a neans for defermning a fly height between

the read head and the disc surface, as the read head passes over a servo

sector imediately | l.owing a.wite event.; and a neans f.or conparing the
noni nal di staniz an&gF H@cpp§e HE%I%‘FH .?6’ Vg?ereméhecffl%a@sg&i (Seiecgpggp\gf 16,
further c |SiNEbpi®ans for responding to a 15 wite irregularity. 19.
The disc drive of claim 18, wherein the nmeans for responding to a wite
irregularity cammahsés datememig 4 nominebdisthuorertietgeeniracad htad amdantisc 20 20. The

disc drive qof claim 1% erein the neans for calling an off-track
cor rect i ofUTAsRCES tBhTead SePIS I PBDEFTPTIFIED2/ 07128

10 a means for determining a fly height between the read head and the disc surface, as
the read head passes over a servo sector immediately following a write event; and

a means for comparing the nominal distance and the fly height.

18. The disc drive of claim 16, further comprising a means for responding to a

15  write irregularity.

19. The disc drive of claim 18, wherein the means for responding to a write

irregularity comprises a means for reperforming the write event.

20 20. The disc drive of claim 18, wherein the means for calling an off-track

correction function.
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21. A nethod of determning a fly height of a head within a disc drive,
conprising: obtaining a characterization of a first read-back control

si gnal owwp o/ogisoat i on of tinme; 5 obtaining a second reaechask/cuns r ol
signal; and conparing the second read-back control signal with the
characterization, thereby obtaining data revealing information regarding

the fly height 50f thenReRd of ddermTinf g@ﬁ}hﬁ)ﬁ itforalhdwiRin AMSE &five, t he first
read- back control signal and the secon% read- back control signal are

ti me- aver agmpssiggal anplitudes of a read signal from the read head. 23.
The met hod of claim 22, wherei f.irst trol nal and the
second read- ba@kt%ﬂgf‘ﬁ“mg‘f“@‘?@mﬁ? &Etﬁeafiat’ agf:%r%éoﬁrﬁﬁgl} ‘?i’eﬁflaﬁg\t}g? f’gbl e
gai n anpl itifrﬁe‘?r 15 coupled to the read head. 19

5 obtaining a second read-back control signal; and

comparing the second read-back control signal with the characterization, thereby

obtaining data revealing information regarding the fly height of the head.

22.  The method of claim 22, wherein the first read-back control signal and the
10 second read-back control signal are time-average signal amplitudes of a read signal from

the read head.
23. The method of claim 22, wherein the first read-back control signal and the

second read-back control signal are gain factors employed by a variable gain amplifier

15  coupled to the read head.
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